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F O R E W O R D  

PESCO’S Arid Zone Programme, Jirst discussed 
in 1949, became one of the Organization’s three u Major Projects at the ninth session of the 

General Conference in 1956. While this change has 
brought a substantial increase in the resources available 
for the promotion of arid zone research, notably through 
direct support of certain institutions in a region extending 
from North-West Africa through the Middle East to 
South-East Asia, the collection and dissemination of 
scientiJic information resulting from studies of arid 
zone problems remain the essential objectives. 

Sixteen volumes have so far been published in the 
Unesco Arid Zone Research series. They include 
digests of research on particular subjects, such as 
hydrology, plant ecology, utilization of saline water, 
human and animal ecology, climatology, plant-water 
relationships, and the proceedings os symposia on the 
same subjects organized as part of the programme. 
One of these volumes, the Guide Book to Research 

Data for Arid Zone Development, was prepared 
with the more practical object of assisting experts 
and administrators in their evaluation of the many 
facets of problems of arid zone development, and of 
facilitating the integration of the numerous physical, 
biological and human factors which they must take 
into account. 
In many cases, however, an additional factor is too 

often neglected-it is the history of land use in the area 
under consideration, which may explain certain features 
of the terrain and have a bearing on the planning 
of future work. The Unesco Advisory Committee on 
Arid Zone Research has been very cowscious, from 
an early stage, of the particular importance of historical 
developments in the land use of arid regions and has 
recommended that a review of present knowledge on 
this matter be attempted. 
This volume has been prepared for that purpose 

and is primarily intended for those having a practical 
interest in improving the utilization of arid and semi- 
arid lands. It is not meant as a history of agriculture 
in certain geographical regions, but endeavours to 
build up a synthesis of the various factors-geological, 
climatic, biological as well as human-which have 

determined the history of land use. In arid and semi-arid 
areas, climatic factors control any rational adaptation 
of cultivation and land use methods and give them 
a precarious character. It becomes therefore particularly 
important to know how men achieved success and 
prosperity or why the land was abandoned. In this 
way, this book supplements the Guide Book in emphasiz- 
ing the evolution of methods and techniques and their 
interaction with the environment. 
The general structure chosen for the book is a division 

into chapters devoted to the main geographical regions 
of the arid world. A similar pattern has been followed 
roughly within each chapter, but the emphasis has 
been placed on the specific characteristics of each 
particular region. A division by subjects, such as 
irrigation, salinity, erosion, etc., rather than by geo- 
graphical areas could have been envisaged and would 
undoubtedly have been of the greatest interest. It was 
felt, however, that the study of the historical development 
of these fundamental aspects of land use of arid regions 
on a world wide basis was not su$ciently advanced 
to allow for such treatment. A n  attempt has nevertheless 
been made to deal with climate and its variations, 
and with public health hazards in land use, in special 
chapters. 
The task of the authors has been particularly delicate 

since they had to treat a vast subject-on which compar- 
atively little aíleequate work has been done-from many 
diflereitt angles at the same time, making use not 
only of the historical records, but of the geographic, 
geological, pedological, botanical, agronomical and 
archaeological factors as well. The keen interest they 
have shown and the co-operation they have extended 
to the Secretariat are warmly acknowledged. Finally, 
in order to ensure a harmonious balance between the 
various chapters and the coherence of the whole volume, 
to present the detailed scope of the work and to draw 
some generab conclusions front its con;tents, a general 
editor with a sound knowledge and experience of land 
use problems together with a wide culture was required : 
Unesco has been fortunate in obtaining the valuable 
and sustained co-operation of Professor L. Dudley 
Stamp for this most dificult task. 
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INTRODUCTION 
bY 

L. DUDLEY STAMP 
Professor Emeritus of Social Geography, London School of Economics, 

University of London 

THE SCOPE OF THE W O R K  

It may be said at the outset that this composite 
work has been prepared in the hope that in facing 
the many and complex problems of the arid zones 
of today, there is something which we can learn 
from the past. It is intended that the volume should 
have a practical interest for those concerned with 
the improved use of arid and semi-arid lands. In recent 
decades, new techniques of study especially in dating 
the past have imparted a growing precision to matters 
which previously were only the subjects of vague 
speculation, and ii is becoming possible to piece 
together, stage by stage, the sequence of land use 
over the centuries, sometimes millennia, of human 
occupation. The story is still very far from being 
complete; there are fascinating problems of corre- 
lation between one region and another and apparently 
some great contrasts; but the time seems opportune 
to bring together a synopsis of the present state of 
knowledge, region by region, by those whose scientific 
work has identified them with the different parts 
of the world’s arid zone. 
From the inception of its work the Arid Zone Unit 

of Unesco faced an initial problem in the definition 
of aridity and the delineation of those parts of the 
earth’s surface to be designated very arid, arid, 
and semi-arid. To set, as it were, the limits of the 
study, I have reproduced here the maps specially 
prepared for this purpose by Dr. Peveril Meigs, 
together with the definitions adopted. 
It is perhaps superfluous to remark that the funda- 

mental cause of the arid zones is climatic. Whilst 
it is simple enough to describe the climates of the 
hot and the mid-latitude or so-called temperate 
deserts of the world, to give figures of temperature 
and precipitation, to describe the usually irregular 
precipitation régime and to indicate the less abundant 
or less well-known data on such features as insolation, 
radiation and evaporation or evapo-transpiration, 
it is far from simple to attempt an explanation of 
the causes. The old concept of two main high pressure 

belts, shifting northwards and southwards with the 
seasons, encircling the earth just outside the tropics, 
associated with outblowing winds and below which 
were the great deserts, gave place to a concept of 
great air masses of contrasted character and behaviour. 
In the past few years innumerable observations 
on the upper atmosphere, necessitated largely by 
practical requirements of modern aircraft and devel- 
opments in communication and intercontinental 
missiles, have vastly enlarged our knowledge of the 
circulation of the air and have necessitated the 
recasting of our fundamental concept of climatic 
causation. So rapid and far-reaching have been the 
additions to knowledge that any account of the restless 
atmosphere tends to be out of date even before it 
reaches publication. 
Yet the causation of the arid zone is clearly of basic 

importance and I a m  greatly indebled to Proiessor 
Kenneth Hare for preparing a lucid statement on the 
present state of knowledge. There are two implications 
from his study. The first is that the general circulation 
of Lhe atmosphere, including the main pressure 
belts and planetary wind systems, would seem to be 
determined by the size, shape and movement of the 
earth and the physical character of its atmosphere, 
so that variations are only theoretically possible 
within certain limits. The extratropical high pressure 
belt and its attendant arid lands must have lain 
between a belt of westerlies and the belt of trade- 
winds and can only have shifted north and south 
within quite narrow limits at least within post- 
Pliocene times. In other words the arid zone must 
have remained a permanent feature with a strictly 
limited shift north and south. In the second place 
since the cause of aridity remained, the arid zone 
must have remained with comparatively minor 
swings towards less arid or pluvial conditions and 
towards extreme ariclity. 
Another very important conclusion follows from 

the study of present-day conditions. The arid belts 

17 
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are not continuous round the earth, neither are 
pluvial belts. Pockets of arid conditions interrupt 
humid belts-a good present-day example is the 
arid region of northeast Brazil. This phenomenon is 
due to what is now commonly called the cellular 
structure of the atmosphere. It follows that in the 
past when glacial advances resulted in moister 
conditions equatorwards any such ‘pluvial belts ’ 
would have been interrupted by pockets or cells of 
aridity. 
If this fundamental concept of atmospheric circula- 

tion is correct, it sets limits within which the histo- 
rical records must be viewed. Dr. Butzer7s chapter 
on climatic change since the Pliocene follows on 
naturally but there clearly cannot be world-wide 
correlation of ‘arid’ and ‘pluvial’ periods. If indeed 
cells of aridity interrupted pluvial belts and vice 
versa, the sequence in one region m a y  well be comple- 
mentary to that in another. H u m a n  migrations may 
well have been prompted by deteriorating conditions 
in one region and improving conditions in a neigh- 
bouring tract. T o  some extent the same difficulties 
exist in correlating glacial periods. Even if four main 
ice advances can be traced both in Europe and North 
America were they synchronous or staggered in time? 
The chapters which follow deal successively with 

the main regions of arid lands. In each case the 
author was asked to avoid making his account a mere 
history of agriculture, but rather to present a synthesis 
of geological, climatic, biological and human factors 
which appeared to have in0uenced the sequence of 
land use. In particular to know the favourable factors 
through which men achieved success and prosperity 
on the one hand or to determine the unfavourable 
factors which led sooner or later to the abandonment 
of land cannot but assist in the elucidation of the 
problems of the present day. 
It might have been more logical to begin the 

regional survey with Australia where the story of the 
interaction between the white m a n  and an arid 
environment is a well-known and well-documented 
story of less than two hundred years. The aboriginal 
inhabitants, there measured in a few thousands, 
had not emerged from the Stone Age: they neither 
knew the arts of tilling the soil nor herding animals 
and so their influence on the environment was mini- 
mal. They knew fire-though not for the purpose of 
boiling water-but unlike inhabitants of most of the 
semi-arid tropics elsewhere, had no reason to burn 
off the natural vegetation to improve pasture, and 
such bush fires as occurred were more likely to have 
been occasioned by lightning. Though the Australian 
story, so well told by Sir Samuel Wadham, may 
be one of a primitive environment almost untouched 
by man, when settlement did take place from the 
end of the eighteenth century it was by the white 
man, well equipped mentally and technically with 
many centuries of experience behind him. 

Australia in this respect is unique and it seemed 
better to attempt to deal first with those parts of 
the arid zone where man’s battle with Nature has 
been waged over a very long time. The extremely 
difficult but fascinating task of dealing with the 
ancient civilizations of the Near and Middle East 
-roughly from the Mediterranean and Egyptian 
border in the west to the Pakistan frontier in the east 
and norbhwards to include the Anatolian-Iranian 
Plateaux-has been undertaken and ably executed 
by Dr. R. O. Whyte. This great region poses most, 
if not all, of the problems of the arid lands. First 
the most obvious if most baffling of all : why should 
man so early have chosen the arid or semi-arid lands, 
there apparently to wage unceasing war with Nature, 
in preference to the cooler lands with reliable rainfall? 
Even if human settlement in the cooler, moister 
lands of north-west Europe, even to the margins of 
the ice-sheets, was contemporary, there must still 
have been abundant room. Why therefore choose the 
hard way? W a s  it because man, lacking a protective 
fur, is naturally a tropical animal; was it because 
these lands yield the wild animals suitable for domes- 
tication and soon to be so used, or the large seeded 
grasses waiting simply to be improved by cultivation? 
Or was it because the very struggle against Nature 
in the semi-arid margins caused m a n  to organize 
himself and so to develop himself as a social animal, 
capable of concerted action? Through many millenia 
it is clear that m a n  suffered fluctuations in fortune 
which it is difficult to dissociate from climatic change. 
Familiarity with famine is clear enough from the 
Biblical narrative: how far plague, pests and pesti- 
lences were responsible for mass migrations and 
abandonment of land is far from clear. The modern 
curses of irrigated land, waterlogging (associated also 
with spread of disease) and salinification, were known 
of old and must certainly have played their part in a 
changing pattern of land use. 
The history of land use in Egypt, so freshly and 

vigorously narrated by Professor Hamdan, is at one 
and the same time a history of one of the oldest and 
greatest civilizations on earth and a reminder of the 
complexity of the work of improving the arid lands 
-very far from a simple problem of supplying water. 
The difficulties in interpretation of the evidence are 
at once apparent. Does the siting of pre-historic 
settlements on the margins of the Nile Valley indicate 
a pluvial period when the valley itself was a vast 
morass and the vegetated margins more attractive, 
or merely that primitive man learnt how to use 
water for irrigation first on a tiny scale at the mouths 
of subsidiary wadis? In the long centuries which 
followed of using Nile water and the gradual, now 
almost complete, change from basin irrigation to 
perennial irrigation, the values of physical factors 
have completely changed. The once vital Nile mud 
and silt which built up year by year the fertile valley 
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floor is now regarded simply as a nuisance, clogging 
the reservoirs. A high flood on which the old winter 
crops depended is now a danger which m a y  inundate 
the new summer crops; the river once encouraged 
to spread over its floodplain as widely as possible, 
is now carefully restricted to its fixed channel. Egypt 
has not yet reached final adjustment to the many 
factors involved in irrigation; expert opinion still 
differs radically as to future aims. 
The dry north-west of the Indo-Pakistan subconti- 

nent, which is discussed by Professor Bharadwaj, 
shares some features with the Tigris-Euphrates 
basin-its climate to some extent, its physical setting 
and cultural heritage-and also some features with 
the Nile-the reliance of the unhappy valley of Sind 
on the waters of the Indus. Once again is illustrated 
the strange fascination of arid lands to early man, 
once again the puzzling rise and fall of civilizations 
and the abandonment of sites. The meeting place 
of the lower air currents of the Indian monsoon with 
the westerly air-streams in the upper atmosphere, the 
Indo-Pakistan dry belt has particularly fascinating 
climatic problems. The sequence of climatic change 
may well be quite different from that determined 
elsewhere. 
The Dry Belt stretching from the south-east of 

Europe eastwards into the heart of Asia, discussed 
by Professor Kovda, lies well outside the tropics 
and differs widely from the hot deserts of the extra- 
tropical high pressure belts. If for no other reason, 
the intense cold of winter is a factor almost unknown 
in most other regions discussed in this book. Russian 
scientists have been the pioneers in the modern 
concept of pedology or soil science and more work 
has been carried out on the soils of arid lands in 
the USSR than in other parts of the arid zone. 
The development of soils is closely linked with the 
evolution of land forms and it becomes clear how 
close, but at the same time how complex, is the 
relationship between geological structure and parent 
material, geomorphological evolution of land forms, 
soils, natural vegetation, and land use-potential 
as well as actual. 
The Sahara with its northern margin merging into 

the Mediterranean lands of the Maghreb (Morocco, 
Algeria and Tunisia), discussed by Professor J. Despois, 
and its southern margins passing through the Sahel 
or Sahelian Zone into the tropical savannas and 
grasslands of West Africa, poses a new set of problems 
which are studied by Dr. Monod and Dr. Toupet. 
In the absence of a great source of water comparable 
with the Nile, the Sahara exhibits the reaction of 
m a n  to the arid regions as such. The Sahara has no 
Fertile Crescent comparable with that of the Syrian 
saddle: its immense and immensely dry heart has 
produced a human response in nomadism based 
on the camel and so tenuous cultural links between 
the semi-arid margins to north and south. To the 

north of the Sahara, across the Mediterranean, lies 
the continent of Europe where the succession of 
glacial advances and retreats during the PleisLocene 
has been so continuously and intimately studied. 
In contrast to the east-west Himalayan chain of Asia, 
no physical mountain barrier separates Europe from 
North A€rica, so that the sequence of.glacia1 and 
interglacial periods in Europe must have been 
reflected in some marked way over the Saharan 
wastes. The one view is thaL the glacial episodes in 
Europe correspond with pluvial periods in the Sahara 
when rainfall, and consequently vegetation, were 
more abundant than at present and the environment 
more conducive to' human settlement and activity. 
On the other hand, it m a y  be that the zone of maxi- 
mum aridity simply moved southwards during the ice 
advances of Europe with corresponding shifts on the 
foci of human development. The greatest interest 
attaches to the question: what is happening at the 
present day? The great African empires of a few 
centuries ago-Ghana, Mandingo or Mali and Gao 
had their centres in regions which are n o w  so arid 
as to be almost devoid of permanent settlements. 
It would seem therefore that the Sahara is still 
extending, at least southwards. But how far any 
extension, even if proved, is due to climatic deteri- 
oration and how far to man's own misuse of land 
in overgrazing, in exposing soil to erosion or in 
cultivation leading likewise to an extension of a 
man-made desert is another matter. 
Monod and Toupet emphasize a significant prin- 

ciple which appears to have been much overlooked. 
It is an important aspect of the adjustment between 
the vegetation, especially of semi-arid margins, and 
grazing animals whether wild or domesticated. 
A bad season, when little or no rain falls, results 
naturally in a sparse growth of herbage with the 
result that a large number of animals, especially the 
ycung, are unable to survive. Next season, with even 
average rainfall, the vegetation recovers rapidly 
because there are few animals; moreover it covers 
more of the surface and so forms a natural check to 
surface erosion which is hastened by the trampling 
feet of many animals. Man, by bringing in fodder for 
his animals in bad years, prevents the operation of 
this natural adjustment. 
The masterly summary of the New World scene 

by Dr. Pedro Armillas shows first of all the early date 
at which man reached the N e w  World. Even if the 
date of possibly 37,000 years ago for hearths created 
by m a n  in Texas be subject to a wide error, it is now 
clear that the great civilizations in both North and 
South America were evolving in parallel to their 
counterparts in south-western Asia at the same time. 
In America, too, the arid margins seem to have 
attracted man just as they did in the Old World, 
whilst better watered lands remained sparsely in- 
habited if occupied at all. In the N e w  World there 
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is the same puzzling sequence of occupation and 
abandonment of land, and possible correlation with 
climatic change. 

W h e n  the European, with his high level of technical 
skill, invaded the Americas following the discovery 
of the continent by Columbus in 1492, a phase of 
conquest of the existing settled lands, which included 
the empires of the arid zones, was followed in due 
course by a phase of land settlement. As lucidly 
described by Professor Richard Logan the vast 
arid and semi-arid region lying between the Rocky 
Mountains and the ranges bordering the Pacifie 
Ocean remained a great empty void virtually 
unknown to the white man till the middle of the 
nineteenth century. The arid lands played little 
part in the early development of the United States 
of America; today their importance is considerable 
and increasing, but this is the story of Lhe herdsman 
and farmer used to more humid conditions adapting 
his mode of life to new and at first strange conditions. 
By a fortunate coincidence Professor Logan has 

recently spent a year in the arid regions of South 
West Africa, and so has been able to coniribute a 
comparative view of the changes in land use under 
European influence in an area which parallels in 
some respects conditions in western North America. 
Professor W. J. Talbot in his careful and well 

documented chapter on South Africa has a story 
to tell which is both fascinating and of the utmost 
importance. Arid South Africa, at the time when 
the Bantu were moving southwards towards the area 
and the early white settlers were beginning to pene- 
trate north-eastwards from the Cape, was very 
sparsely peopled by nomadic or semi-nomadie primi- 
tive peoples. Though more numerous than the Austra- 
lian aborigines and at a different cultural level, 
they had interfered only slightly more with the 
natural vegetation than had their Australian eounter- 
parts. On the other hand, grazing animals were more 
numerous and varied and because arid southern 
Africa is continuous with the well-populated regions 
to the north, herds of herbivores would naturally 
increase in years of good rainfall and herbage. But 
the great interest in Professor Talbot’s contribution 
lies in the account he gives of the successive intro- 
ductions-of animals, plants and techniques-by the 
invading white man. Failures have been more nume- 
rous than successes in this sequence of trial and error; 
what is particularly to be noted are the secondary 
effects of so many of the introductions. South Africa 
affords many examples of the role played by fluctua- 
tions in world demand and world prices. Few better 
examples could be found than the rise and fall of 
ostrich-farming unless the Karakul (‘ Persian lamb ’) 
industry repeats the story. The present use of many 
thousands, even millions, of acres depends upon the 
vagaries of women’s fashions in the sophisticated 
circles of London, Paris and N e w  York. 

As already noted, Sir Samuel Wadham’s contri- 
bution on Australia describes a unique example of 
the peneiration of technocratic man into a parti- 
cularly isolated, specialized and untouched environ- 
ment. Even more than in South Africa it is note- 
worthy as illustrating the dominant role played by 
fluctuating world prices and world demand for 
primary produce in delcrmining land use in a region 
remote in distance from consuming centres, 
That the incidence of human disease, both endemic 

and epidemic, has played a very important part in 
all Lropical lands, including their arid margins, may 
be familiar enough, buL is little known in detail. 
Dr. Paul Russell’s survey o€ the incidence of malaria 
and bilharziasis deals with the two principal plagues 
of mankind associated not so much with arid lands 
as such as with the irrigated areas within them. 
The cause of both is now well known and to that 
extent easily conirollahle, ye1 he makes clear how, 
unless there is a beiter understanding between irriga- 
tion engineer and medical officer the benefits brought 
by the former may he completely cancelled out by 
the spread of these two diseases. Still today in some 
areas more irrigation means more disease and human 
suffering-a very serious paradox of our age. 
Although their importance is very great, malaria 

and bilharziasis are far from being the only plagues 
affecting human settlement in arid lands. Dr. Jacques 
M a y  has considered in outline some of the other 
problems of public health. The lessons of history are 
clear enough : technical progress in engineering or 
agriculture, which would seem to open up a new era 
for arid lands, have been negatived by repercussions 
on the conclitions of human life. The danger is still 
there. It cannot be too strongly emphasized that 
there must be the fullest understanding and colla- 
boration between the experts in their separate fields. 
Having thus noted briefly the highlights presented 

by the separate regional contributions, is it possible 
to generalize regarding other features ihan climate 
in arid regions? What can one say which is generally 
applicable LO such other factors of the environment 
as geology and land forms, subsurface structure, 
water supply, weathering and soils, or of vegetation 
cover? 
Geologists have long recognized that the cycle of 

weathering and erosion in arid lands is quite different 
from those found in more humid conditions. It follows 
that the resulting land forms are also different and 
often highly characteristic of the varying degrees of 
aridity. 
This history of land use in arid lands is concerned 

only with the few thousand years of man’s occupance 
of the earth’s surface. This is a truly infinitesimal 
period when compared with the hundreds of millions 
of years of the earth’s geological history. The rocks 
now exposed at the surface, or lightly hidden by a 
thin mantle of soil or superficial deposits, bear 
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witness to this long history. Whether or not the 
continents as w e  know them have drifted apart, 
whether or not the great Pacific Ocean is a scar left 
by the departure of the mass which is now our satellite 
the moon, whether or no1 the poles and the axes of the 
earth have changed in position from time to time, 
it is clear that the arid zones of the world today are 
not a primeval feature of the earth’s surface. In the 
arid lands are to be found representatives of the 
rocks laid down, under the most varied conditions, 
in all past ages. The importance of this lies in the facL 
that the solid geology, Lhe underlying structure and 
the range of rocks present are just as varied in arid 
lands as in any other part of the earth’s surface. 
There is, indeed, no connexion between present 
climatic conditions and the rocks of the solid crust 
and the same applies to deposits of economic minerals. 
Coal seams which represent remains of vegetation of 
hot, steaming swamp forests are found in rocks iinder- 
lying the heart of today’s deserts; oil, originating in 
brackish sea margins is likewise to be located in the 
most arid land masses. In the deserts may be found 
rocky ridges built up of the most ancient of known 
rocks side by side with volcanic cones scarcely yet 
cool from their geologically recent eruption. Some 
deserts are underlain by vast stretches of limestone, 
others by sandstones, shales or slate; elsewhere huge 
masses of granite, once molten and solidifying at 
great depths, have since been exposed at the surface 
by the removal in time of the overlying rocks. There is, 
in fact, little if any limit to the range of rocks present 
in arid lands, little if any restriction to the range of 
minerals valued by man-economic minerals-to be 
found in the deserts and their margins. 
What is distinctive in arid lands is the sequence of 

weathering and erosion. Whereas in humid climates 
the major role is played by water in its various 
forms-as rain, hail, snow-through the action of 
frost, running water and moving ice on a surface 
partly protected by vegetation and soil, in arid lands 
sun and wind play the major roles, together with 
occasional but violent bursts of rain, on a surface 
largely unprotected by either vegetation or soil. 
Bare rocks, fully exposed to the sun’s rays (inso- 

lation), often from a cloudless sky by day, become 
intensely heated in the surface layers with an enor- 
mously powerful force towards expansion; on the 
margins of a rock face, the surface layer may be in 
shadow and remain cool, firmly anchored to the 
whole mass. The obvious result is for the heated 
surface layer, thus tied at both ends, to burst away 
as a comparatively thin sheet, rather like one skin 
of an onion. Not infrequently the separation of the 
surface layer in this so-called onion or spheroidal 
Weathering due to insolation takes place with an 
explosive crack like a pistol shot. Though the efficacy 
of insolation of this type has been questioned recently 
by some writers it would seem to be particularly 

well seen on exposed surfaces of granite and granitic 
gneisses. There are two results : smooth rounded 
surfaces of rock, not infrequently almost spherical 
masses, and a debris of angular fragments. But most 
rocks consist of a mixture of minerals which m a y  
have differential degrees of expansion when heated. 
The tendency is for the rock fragments to disinte- 
grate into smaller fragmcnts, individual minerals 
particles and even dust. Although the Spheroidal 
weathering of granite is typical, other types of rock 
break into sharp angular fragments and the result 
closely resembles shattering due to frost. So sharp 
may be the surfaces of the rocks from which frag- 
ments have been flaked off that the stoutest boots 
are cui. to pieces in a short trek across the desert. 
Insolation leaves a mass of rock debris well suited 

to the maximum action of wind. According to the 
strength of the winds only fine dust, or dust and silt, 
or dust, silt and sand, or dust, silt, sand and small 
pebbles, are removed leaving once again bare rocks. 
The wind sorts the removed material mainly according 
to particle size : by blowing sharp particles against 
a rock face the latter may be smoothed and polished 
(giving one form of ‘desert patina’), and upstanding 
masses of rock m a y  be undercut. The sand particles 
become themselves rounded and polished-a charac- 
teristic feature of wind-borne sands in contrast with 
the continuing angularity of smaller grains when 
waterborne. 
Even in the most arid arcas in the heart of the great 

deserts, rainstorms do occur even if only at intervals 
of years. Rain m a y  fall with great violence on the 
unprotected surface, imperfectly provided with drain- 
age channels, so that each storm produces raging 
torrents, sweeping rock debris from mountains, hills 
and ridges to lower levels. Even large blocks of rock 
are moved and roughly rounded in the process, so 
that rock fans of coarse boulders are left as an after- 
math. Where the water sweeps out over a flat surface 
huge shallow temporary lakes are formed: over the 
surface a ñlm of mud or silt is left when the water 
evaporates. 
Away from the extreme aridity of the heart of the 

desert, the parts played by rain and running water 
become more marked. Where there is an upstanding 
rocky ridge, a rock-sand cone or fan forms at the 
foot with its apex pointing up to where an inter- 
mittent torrent discharges from its mountain gorge. 
Several such fans may join up to form a piedmont 
belt along the foot of a ridge giving place to a plain 
over which the finer debris m a y  be spread. Where 
rain falls on unconsolidated rocks the well-known 
‘badland’ type of country is developed: the existence 
of boulders within the mass of finer material will 
result in earth pillars, each capped by a resistant 
mass. Where horizontal or near horizontal strata 
include harder or more resistant beds the well-known 
mesa type of country results. 

21 



History of land use in arid regions 

It now becomes clear that certain characteristic 
land forms or types of country will be developed in 
arid lands and that they are likely to be repeated 
from one region to another. There is a very close 
correlation between the different types of country 
and their possible utilization by man. 
In the first place vast areas of the arid zones are 

occupied by bare rock. Except where they may have 
mineral resources, the rocky mountain deserts must 
always remain negative areas in so far as human 
settlement and development are concerned. A distinc- 
tion must however be drawn between the rocky deserts 
due to extreme aridity and those, often so very 
similar in superficial appearance, which are largely 
man-made, where the destruction of the natural 
vegetation cover-scrub and forest for timber and 
firewood, grass and low herbage by overgrazing-has 
exposed first the soil for removal by erosion and then 
the bare rock. The poor, bare, eroded hills of South 
China, for example, though closely resembling the 
rocky hills of arid lands actually occur where rainfall 
conditions are excellent for good forest growth. 
Without doubt, many settlements on the margins 
of the arid zones have in due course been abandoned 
because of man’s misuse of natural resources; this 
includes not only the destruction of forest and grazing 
of the hills, but also the consequent exposure of more 
fertile lands to uncontrolled torrents from the now 
barren hillsides. The rocky deserts vary widely in 
character from the smooth boulder strewn granite insel- 
berge to the waste of volcanic debris making up the 
hurrah of Arabia or Syria, or to the limestone and 
sandstone mesas of the Nubian desert. Though rather 
different in character the badlands developed on uncon- 
solidated sediments offer but little more incentive to 
settlement by man. The rock screes and boulder cones 
of the piedmonts may be almost as unattractive or use- 
less for settlement as the rocky deserts but they often 
have a function in water storage to be noted later. 
Of common occurrence and wide extent but varied 

origin are the so-called gravel deserts-stretches 
frequently almost level with a gravelly surface of 
rounded or sub-angular stones of varied size and 
often showing the polishing or patina due to wind 
action. The stones are usually loosely scattered on a 
hard level surface and can be cleared to leave an 
excellent motor track. However, the gravel plains 
rarely offer attractions for settlement or development. 
In popular imagination the desert is associated with 

sand. Though sandy deserts are very widespread 
they are in actual fact less extensive than rocky 
deserts. In the semi-arid margins the sand may be 
‘fixed’ by vegetation but in the heart of the true 
desert the sand is constantly being moved by wind. 
According to the strength of the wind, ridges of sand 
parallel to, or dunes (including the crescentic barchans) 
at right angles to, ihe dominant wind direction m a y  
be formed (as noted especially by Professor Bharadwaj 

in the Great Indian Desert or Thar). Wide stretches 
of soft moving sand are difficult to cross, even by 
experienced desert nomads, and the real sandy deserts 
Lend to be completely uninhabited. A good example is 
the so-called Empty Quarter or Rub el Khali of Arabia. 
The fine material blown by the wind from desert 

regions is deposited as a mantle of loess especially 
on the less arid margins or wherever wind velocity 
lessens. In contrast to the water-borne deposits, 
laid down in near-horizontal sheets, loess is typically 
unstratified and is deposited as an irregular blanket 
over hill and valley alike; lying thickly in basins or 
hollows, thinning out against ridges the higher parts 
of which are likely to remain uncovered. It is wrong 
to refer to loess as soil but it is magnificent soil-forming 
material. Although, too, it is an aeolian deposit trans- 
ported and laid down by wind, there is a natural 
tendency for its movement to be arrested and for it to 
be deposited where the atmosphere becomes moister. 
Some loess deposits are partly re-sorted by rainwater 
or streams on these margins and deposits known in 
some countries as brickearths and adobe (or by the 
French as limon) are of this origin. Provided water 
is available-from rain, streams or underground 
sources-loess regions are inherently fertile and SO 
attractive to human settlement and development. 
It is a short step to the lacustrine silts and muds 

left over the floors of basins after the latter have been 
temporarily flooded by rainstorms sweeping down 
mud, silt and sand from the surrounding hills. Such 
desert basins are very common: they rarely have 
outlets and the water is lost by evaporation. In the 
course of time any soluble salts are left behind and 
potentially fertile lands are ruined for cultiyation by 
salt accumulation. In certain cases, notably the 
caliche or sodium nitrate deposits of northern Chile 
or the borax deposits elsewhere, the salts may be 
economically valuable. More often the desert basins 
are rendered useless by them. Where sufficient water 
is available for irrigation and drainage can be arranged 
it is sometimes possible to wash the salts out of such 
lake deposits and some valuable agricultural areas 
may result. 
Where rivers flow through arid regions, deriving 

their waters from more humid regions, they bring 
and deposit alluvium. Such is the origin of many of 
the most fertile and valued tracts in arid lands-the 
valley and delta of the Nile in Egypt, the plains and 
deltas of the Tigris-Euphrates in Iraq, the Indus 
valley and delta in Sind, are outstanding examples. 
As with loess it is wrong to refer to alluvium as soil, 
but it is magnificent soil-forming material, especially 
where, as in Egypt, it is derived from a great variety 
of rocks, and so is rich in most of the mineral require- 
ments of plants. Whereas the old system of basin 
irrigation in Egypt enabled the annual Nile flood 
to gently deposit its load of fine silt as a thin film, 
thus building up and renewing the soil year by year, 
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modern methods of irrigation clistribute only water 
over the land, the silt being trapped behind the 
barrage or dam where it is simply an embarrassmenl. 
An imporlant aspect as yet imperfectly studied 

or applied is how to arrest the alluvial material and 
spread it where it will build up new and fertile lands. 
In recent decades too much attention has been paid 
to attempts, sometimes futile, to prevent erosion, 
while the equally vital question of building-up lands 
with eroded material has been neglected. In the 
north of the Indus Plain of West Pakistan some dams 
have been so constructed as to arrest mud and silt- 
laden flood water and allow the material to settle 
before surplus water is led off through masonry lined 
sluices. 

Ultimately, except for the exploitation of minerals, 
the utilization of arid lands depends upon the avail- 
ability of water. Speaking generally the arid lands are 
devoid of surface water save where a great river 
passes through them or where a lake lies in a basin, 
usually a basin of inland drainage losing its surplus 
water by evaporation. Consequently, underground 
water resources are of special interest and importance. 
Where the solid rocks underlying arid lands are of 
ancient crystalline schists and gneisses-e.g. over 
large parts of Africa-the characteristically irregular 
system of cracks and fissures results in an irregular 
and uncertain distribution of .underground water : 
there is no regular water table. A well dug with great 
difficulty and expense even to great depths may be 
completely dry, whereas a few yards away a shallower 
well fortunately tapping an underground fissure may 
yield a good supply. It has been frequently observed 
that the African of the semi-arid margins is not water 
conscious: he prefers to rely on a precarious rainfall 
rather than to seek security in a well supply. The 
main reason, however, for this attitude is not far to 
seek-it is the nature of the subsoil over much of the 
continent. 
Where the strata underlying arid lands are of 

bedded silts, sands and gravels, underground water 
behaves as it does in more humid lands and there is a 
regular water table, though it may be at too great a 
depth to be reached by ordinary wells. Where the 
strata are arranged in the form of a basin, artesian 
conditions m a y  exist. The arid heart of Australia has 
a number of huge artesian basins: here as elsewhere 
there still remains the long-s tanding controversy 
regarding the origin of the water. Is it constantly 
if slowly renewed from rain falling on the distant 
margins of the basin, or is it water of ‘plutonic’ 
origin which will not be renewed when used up? 
Australia is Lypical of a widespread feature of artesian 
waters: from great depths they are at a high tempera- 
ture and highly mineralized. A considerable content 
of salts is permissible if the waters are to be used 
for stock, but not if the water is to be spread over the 
lands as irrigation water. Recent discoveries of artesian 

water or water at depth under other arid lands 
-notably the Sahara-may considerably alter the 
economic possibilities of these lands. 
T w o  special aspects of arid land hydrology call 

for comment. Although there may be no surface 
streams, it is common to find in desert or semi-desert 
regions developed on porous sedimentary rocks, 
a complete underground system of regular water 
courses. Sometimes, but not always, the surface shows 
the existence of main valleys with tributary valleys 
below which water is comparatively near the surface. 
This is marked by an increase in the scrub vegetation 
of the desert-sometimes difficult to detect on the 
ground but standing out clearly when seen from the 
air. Indeed, complete underground river systems may 
be detected and easily mapped from air photographs. 
The oases of desert lands are of course due to the 
water table reaching sufficiently near the surface for 
the water to be accessible to plant roots. Dr. Armillas 
notes some inLeresting cases of man-made oases in 
South America where sand is dug out to a sufficient 
depth for plant roots to tap underground water. 
The second special aspect is the very common case 

where the ridges surrounding or adjoining desert 
basins attract a heavier rainfall than the basins 
themselves-it may be a winter snowfall also. The 
water runs off after a storm in short-lived torrents 
until it reaches the piedmont gravel fans, sometimes 
to flow over the surface, but more often there to 
sink into the loose sediment and to be lost to sight. 
But such gravel and alluvial fans form natural reser- 
voirs into which a tunnel, sloping very gently upward 
from the plain into the fan, may be driven so as to 
tap the stored water. Such tunnels variously known 
as foggara (North Africa), qanat or hanut (Iran, 
Iraq, etc.) or karez (Baluchistan) have the advantage 
that the water is protected from evaporation till it is 
actually brought out on to the fields or into settle- 
ments. A very large number of desert margin settle- 
menls are thus associated with the plain-ward margins 
of alluvial and rock fans. They m a y  be called oasis 
settlements. The great settlement o€ Damascus, with 
its lovely gardens, is essentially of this type. A modern 
and important development is the substitution of 
pipes for the old expensive tunnels. 

T w o  widespread features of arid lands are closely 
linked with hydrology. One is the mechanical action 
of the raindrops during the occasional rainstorms 
in compacting the surface. On a very dry surface 
rainwater does not readily penetrate: the mechanical 
force exerted by the falling raindrops tends further 
so to compact the surface that the rain instead of 
penetrating and benefiting the soil runs off the 
surface, collecting into rivulets and then into torrents 
sufficiently powerful to cut through surface layers 
apd to start gulley erosion. These features are 
accentuated by a second phenomenon-the tendency 
for the development o€ what is often called a desert 
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crust (croute désertique). Waters do not circulate 
freely in semi-arid and arid soils so that, as noted 
later, semi-arid soils present only a feebly developed 
profile; in arid lands potential evaporalion is in perma- 
nent excess of rainfall. In place of the downward 
leaching of humid lands there is an upward movement 
of water and its loss by evaporation. Salts are left 
behind: concretionary nodules of iron oxide or calcium 
carbonale are formed in the subsurface layers or 
eaorescences of sodium nilrate, sodium chloride, 
calcium sulphate and other highly soluble compounds 
formed on the surface. But even more important 
is the frequent formation of a thin hard surface 
crust sometimes predominantly of iron oxide (iron 
pan) or limestone or worse still of silica. Even where 
irrigation water could be made available, vast areas 
must remain useless where such crusts have been 
formed. On a small scale even pebbles may exhibit 
a hard surface-another form of desert patina. 
Soils, strictly speaking, do not exist in the deserts, 

only the varied types of soil-forming material already 
noted. In the semi-arid regions it is a different matter. 
In 1950, Mr. G. Aubert, on behalf of the International 
Union of Agronomic Sciences, prepared a paper for 
Unesco on the soils of the semi-arid regions of Africa. 
Although his paper deals primarily with the two 
roughly parallel belts north and south of the Sahara 
with an average annual rainfall of between 100 mm. 
(4, in.) and 500 mm (20 in.) with marked seasons and 
a wide temperature range, his descriptions of soils 
and soil-forming processes are of broad general 
application in arid margins. Many of the more import- 
ant aspecls of soils and soil formation in arid lands 
have been considered in this work by Professor Kovda. 
The study of the natural vegetation of arid and 

semi-arid lands is obviously a vast subject which 
cannot be considered in detail in this history of land 
use. In some of the chapters which follow the authors 
have enlarged upon aspects which they have consi- 
dered of special significance. To a very considerable 
extent the vegetation of semi-arid lands is an im- 
poverished modification of that founa in neighbouring 
but better-watered country. It follows that, if more 
water is made available, the vegetation will develop 

into Lhat characteristic of those neighbouring areas. 
But it is also clear that one can match with irrigation 
water the equivalent of rainfall in such a way that 
quite different climatic conditions can be created. 
Professor Hamdan discusscs this in relation to the 
agriculture of Egypt. In those parts of the Nile Valley 
where the temperature range is comparable, irrigation 
water equivalent to 80 in. of rainfall will ‘convert’ 
the land to a tropical monsoon climate. Using the 
word ‘oasis’ in the widest sense, many vegetation 
oases have been made to reproduce conditions quite 
alien to surrounding vegetation. 
In arid lands the struggle of vegetation is first to 

obtain moisture and secondly to conserve it. Water 
is frequently available in depth, hence the develop- 
ment of extremely long roots. This may render the 
vegetation extremely difficult to clear, and this factor 
alone has ruined a number of reclamation schemes. 
The long-rooting system ofLen allows the plant an 
extraordinary power of survival-important where 
poor scrub pasture has been overgrazed. In the conser- 
vation of moisture many plants exhibit reduced leaf 
surface; the form assumed by many species of Acacia 
is so different under arid and moist conditions that it is 
difficult to believe that only a single species is involved. 
Similarly transpiration may be hindered by the 
reduction in number of stomata, development of 
leathery or wax-coated leaf surfaces, and in other 
ways. Even a slight amount of irrigation water may 
thus render a dry grazing area more palatable. This 
history of land use is too early to be able to deal with 
the effects of overhead irrigation or artificial rain, 
now proving so very effective with many crops. 
Many examples are given in this work of the 

fluctuations of animal life in rhythm with the vegeta- 
tion cover-the arrival of herbivores and attendant 
carnivores in vast numbers when good rainfall has 
increased arid zone vegetation. There is no doubt 
that the numbers of nomadic man have fluctuated 
in the same way together with his flocks and herds. 
But m a n  is a thinking animal, and where he is 
concerned it becomes very difficult to generalize : 
the chapters which follow must be allowed to speak 
for themselves. 
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The object of this chapter is to inquire into the reasons 
for the widespread aridity of subtropical latitudes, 
where the arid zone is situated. On a world scale there 
is a sharp minimum of rainfall near 30" latitude in 
both hemispheres, and in places-notably in west 
coastal Chile and Peru-rainfall is almost unknown. 
Since this aridity affects oceans as well as continents, 
it is apparent that there must exist some effective 
process whereby rainfall is suppressed, for there is no 
shortage of water for evaporation. W e  shall look 
for this process among the dynamical factors associated 
with the general circulation of the atmosphere. 
The immediate causes of the aridity can be listed 

at once. First, we may place the tendency for divergent 
wind-flow at low levels, especially in the poleward 
parts of the trades. This divergence requires that 
general subsidence of the air column occurs throughout 
the lower troposphere, where the water vapour is 
concentrated. Dynamical warming associated with 
this subsidence tends to lower the relative humidity 
and disperse cloud; it also creates an impressive 
degree of hydrostatic stability, so that convection 
currents and shower-type precipitation are inhibited. 
At sea the trades have a shallow, moist layer capped 
by a stable or inversion layer, above which the air is 
very dry. Over land, as in the Sahara, in northern 
Mexico, Australia and much of the Middle East 
(in summer) the dryness may extend to ground level. 
Hence surface divergence, general subsidence, low 
humidities and an absence of deep convection form 
a causally connected sequence over much (but not all) 
of the subtropical world. 
The second cause of aridity, not truly independent 

of the first, is the existence of high pressure near the 
30th parallels. Over the oceans, this high pressure 
is visible at sea level, but inland it may be necessary 
to ascend to levels of 2-3 km. before the anticyclonic 
régime manifests itself. In the middle troposphere 
(2-6 km.), a layer very significant in the propagation 
of disturbances, the subtropical high pressure belt is 

continuous in both hemispheres, though considerably 
modified in form over southern Asia in summer. The 
subtropical high pressure belts separate the ciicum- 
polar westerlies from the tropical easterlies. As is 
well known, both westerlies and easterlies are affected 
by travelling wave-perturbations, .which account for 
a good part of the precipitation in both régimes. The 
amplitude of both sets of waves is a minimum near 
the axis of the subtropical highs; hence the subtropics 
are least likely to be affected by rain-bearing disturb- 
ances. This constitutes the second cause of widespread 
aridity. 
In general it should be stressed that, while low humi- 

dities through a deep layer in the lower troposphere 
invariably lead to aridity, very dry climates m a y  
occur in areas of high atmospheric humidity. Thus 
parts of the arid south-western United States are 
dry, not because of low humidities, but because of 
the ineffectiveness of rain-making disturbances [l]. 1 
A further point is that remoteness from the sea is 
not a guaranty of drought; high moisture contents 
occur deep in the interior of Amazonia, more than 
1,200 miles from the ocean along any possible direct 
streamline, and rainfall is heavy. Yet extremely low 
rainfalls occur in many areas along oceanic coasts, 
as in Chile, Peru, Morocco and South West Africa. 
The point is, of course, that local sources of evapora- 
tion play a small role in precipitation, which tends in 
most instances to fall from moist airstreams whose 
humidity is derived from very remote surfaces. 
Recent research into vapour transport [1, 31 has 
emphasized that the true sources of the precipitable 
water over many large regions are very different from 
the usual idea. Proposals to modify the rainfall 
régime within the arid zone by flooding depressions 
some thousands of square kilometres in area are 
doomed to failure; the effects achieved would be 
very small in scale. 

1. The figures in brackets refer to the hibliogrnphy at the end of the chapter. 
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Clearly, then, w e  have to look for the causes of the 
aridity in the general circulation of the atmosphere; 
the persistent tendency towards divergence and 
subsidence in the subtropics, and Lhe quasi-perma- 
nence of the subtropical highs, are €acts that both 
belong to the largest scale of meteorological phenom- 
ena, and it is LO these features that the term general 
circulation applies. Comprehension of this circulation 
has made great strides in the past decade, during 
which upper air data have become plentiful. BUL w e  
are still far from a convincing picture, especially in the 
tropics and in the stratosphere. Hence the account 
that follows is necessarily rather qualitative. 

THE ROLE OF THE TROPICS IN THE 
GENERAL CIRCULATION 

The general circulation serves as the vehicle whereby 
vast quantities of heat, momentum and water vapour 
are transported about the globe. Especially significant 
is the meridional flux of these elements, which 
are present in excess within the tropical world, but 
are in deficient supply nearer the poles. Since the 
mean circulation of the atmosphere is zonal (i.e., 
east-west or west-east) in all latitudes, no obvious 
mechanism exists whereby the required transport 
can be effected. Modern research into the general 
circulation has been largely directed at discovering 
this mechanism for the poleward flux. Out of this 
research fairly clear answers have already emerged 
as to the causes of subsidence and high pressure in the 
subtropics. W e  shall examine the main findings, 
concentrating for the moment on heat and momentum, 
water vapour being more difficult to discuss. 
The need for a poleward momentum transport is 

fundamental, though it is difficult to visualize. The 
earth and its atmosphere possess absolute angular 
momentum by virtue of their eastward rotation 
about the polar axis. The total of this eastward momen- 
tum must remain constant if no external torque acts 
on the earth, but exchanges are possible between 
rigid earth and mobile atmosphere. Thus an easterly 
windstream is one whose angular momentum is 
slightly less than that of the earth below, whereas 
a westerly wind has a slight excess of momentinm. 
Friction between these winds and the earth's surface 
constantly tends to decrease the windspeed, whatever 
the direction. An east wind thai decreases in speed 
is actually undergoing an acceleration towards the 
east; hence its absolute angular momentum increases. 
The easterly surface winds of the tropics are thus 
involved in an upward íìux of momentum from earth 

trades must balance the loss by the westerlies, and 
that Lhere must he a large-scale transfer of momentum 
polewards across subtropical latitudes. Starr and 
White [14] calculated that the total flux norLhwards 
across 31" N. was 26.4 x 1025/gm./cm.2/sec.-~ in the 
year 1950. It m a y  be added that the polar easterlies 
are negligible as a momentum source. 
The norLhward heat flux, also a necessity, arises 

from the gain in energy experienced by the tropical 
world by radiative processes. Between the 35th paral- 
lels, net solar radiation exceeds outgoing terrestrial 
radiation over the year as a whole, so that there is a 
large net income in energy. Since tropical Lempera- 
tures are remarkably constant from year to year, 
and even from month to month, it follows that a 
means must exist for transporting the excess heat 
polewards. Some of the export will be in the form 
of sensible heat and some in that of latent heat 
(if the energy was used to evaporate water, which 
was then removed as vapour). In whatever form, 
however, the need for export is unarguable. It has 
been computed [14,] that the transfer northwards 
across 31" N. in 1950 was 5.9 x 1014 cal./sec.-l. 
Both heat and momentum are elements that are 

readily transported by moving air or water. Ocean 
currents transport a part of the tropical excesses, 
but much the larger part is carried away by the wind. 
In fact the entire circulation of the atmosphere m a y  
be thought of as the result of the need for this trans- 
port, together with the required changes in form of 
the energy. W e  have already seen, however, that the 
mean circulation is zonal in all latitudes. The existence 
of vast westerly vortices around the poles and of 
a great girdle of equatorial easterlies seem at first 
sight to offer no suitable transporl mechanism, 
since they all blow at right angles to the required 
direction. 
T o  overcome this difficulty, successive meteorolo- 

gists in the first three decades of this century sup- 
posed that there existed vast, vertical meridional 
plane circulations, involving enormous mass transfer 

D O L  D R U H S  

to atmosphere. The reverse is true in mid-lalitudes, FIG. The meridional overturning circulation 
where the frictional drag on the westerlies Produces 
a large downward flux from air to wd~* 
trades and westerlies are maintained from year to 
year, it is obvious that the gain in momentum in the 

model (Pcossby [il]). It is now doubtful whether the two 
northern cells exist, the required poleward transport of 
momentum, water vapour and heat being carried by hori- 
zontal eddies (cyclones and anticyclones). 
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across latitude circles. Rossby's 19431 version [il] forms 
Fig. 1. Three cells were envisaged in each hemisphere. 
In the tropics, the trade-wind cell involved an 

equatorward flow at low-levels (the north-south- 
component of the trades), uplift at the intertropical 
front zone, poleward flow at some unspecified higher 
level (in the so-called counter trades), and subsidence 
near latitude 30" within the subtropical high pressure 
belt, over the arid zone. In mid-latitudes there was 
a poleward flow at low levels and an equatorward 
flow above. Finally, it was supposed that subsidence 
at the pole must lead to outflow at low levels, polar 

C I  

air-masses reaching the mid-latitude westerlies at 
the polar front zone. 

This classical picture of the general circulation, in 
which the poleward transfer of heat and momentum 
is carried out by vast overturning motions involving 
net transports of mass across latitudinal rings, has 
fallen into partial disrepute. At latitudes polewards 
of 30°, careful measurement fails to reveal the exis- 
tence of mean meridional cells, or reduces them to a 
scale too small to support the required transport 
of heat and momentum. In 1926, Harold Jeffreys [5] 
pointed out that horizontal large scale eddies-the 

d 'S 

FIG. 2. The zonal component of mean motion as a function of height and season for both hemispheres, averaged over-all 
longitudes (after Mintz [7]). Lines of equal speed are in metres per second, positive towards east. Note that the 
maximum of the westerlies lies roughly above the axis of the subtropical high pressure belt (given by the line of zero 
zonal motion). 
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familiar cyclones and anticyclones-could carry out 
much if not all the required transport. This repre- 
sented the introduction into general circulation theory 
of ideas similar to those developed by Osborne Reynolds 
in the study of small-scale turbulence in fluids. 
Recent work by many groups, notably Starr and 

White [14’], Priestley [9], Bjerknes and colIaborators [2] 
and Rossby [12] has demonstrated the effectiveness 
of horizontal eddy transport. The two northern cells 
of Fig. 1 are now largely discredited, though Pal- 
mén [SI has retained the mid-latitude cell in a subsi- 
diary role, and Sheppard [13] has questioned whether 
we can entirely reject the old meridional circulations. 
Only in the tropics, between the 30th parallels, does 
meridional overturning remain an undisputed fact, 
and even here a sizeable part o€ the required transport 
of heat and momentum m a y  be carried out by hori- 
zontal eddies. This tropical cell has become known 
as the Hadley cell, after George Hadley, F.R.S., 
who predicted its existence as long ago as 1735 [4,]. 
The descending arm of the Hadley cell lies in 

subtropical latitudes, more or less coinciding with the 
surface site of the subtropical high pressure belt. 
It is highly probable, however, that the existence of 
these high pressures, and the general subsidence that 
accompanies them, is also related dynamically to the 
behaviour of the zonal westerlies to the north. 
Figure 2 shows a representation of the zonal compo- 
nent of motion across the averaged meridional plane, 
following Mintz [í’]. It will be noted that the axis 
of the subtropical high pressure belt (given by the 
zero isotach’s intersection with the ground) is not 
far in latitude from that of the maximum westerlies 
in the upper troposphere. In winter the subtropical 
jet stream (of which an example is shown in Fig. 3) 
actually lies almost above the subtropical highs at 
sea level. Arguments based on the concept of dynamic 
stability suggest that anticyclonic eddies should form 
south of the maximum westerlies as the latter attain 
certain values of meridional shear. Hence the require- 
ments of the Hadley cell and the dynamics of the 
westerly jets tend to agree in producing subsidence 
and anticyclonic flow in subtropical latitudes. 
Thcse results require a re-examination of the tradi- 

tional picture of the tropical circulation. In this 
picture, the surface trades converged on the equator, 
being heated as they did so, and then rose to diverge 
polewards as counter trades, which in turn descend 
in the subtropics; this picture had the form of a direct 
thermally-driven circulation. In actual practice, 
however, it has become difficult to maintain such 
a picture of the causes of the circulation [lo, 121. 
It is quite clear that the mean meridional circulation 
cannot of itself bring about the required transport 
of heat and momentum. In the upper troposphere, 
the so-called ‘counter trades ’ turn out to be nothing 
but the southern edge of the mid-latitude westerlies. 
Within them, the northward flux of momentum 

and heat is carried out in part by travelling eddies, 
the mean meridional circulation contributing the rest. 
Before w e  leave this discussion of the general 

circulation, w e  must take note of one vital point 
bearing on all theories of climatic change. W e  have 
seen that the tropical easterlies serve as the momentum 
source for the mid-latitude westerlies. It is often 
argued that at times of glaciation the westerliës must 
be expanded and accelerated and driven into lower 
latitudes, all of which must tend to increase the 
frictional drain on momentum. Hence the easterly 
momentum sources must also be expanded. This m a y  
be partly achieved by an expansion of the polar 
easterlies, but the actual emplacement of the ice- 
sheets makes this unlikely [15]. Hence the tropical 
easterlies remain a necessity, and in all probability 
wiU need LO be more strongly developed. IL follows 
that only a limited equatorward displacement of the 
subtropical highs can be invoked, a fact consistent 
with the arguments of Butzer in the next chapter. 

BREAKS IN THE GEOGRAPHICAL 
CONTINUITY OF THE ARID ZONE 

AU the preceding arguments have applied to the earih 
as a whole, i.e., to conditions averaged over all longi- 
tudes. Such arguments can point out the general 
causes of aridity in the subtropics, bu1 they can have 
little to say about the very striking variations that 
occur along latitude circles. In both hemispheres there 
are gaps in Lhe arid zone, where there is abundant or 
even excessive rainfall. 
Thcse exceptions arise from Lhe cellular structure 

of the subtropical high pressure belt. This takes two 
forms. First, there is the well-known tendency 
(especially marked in the northern hemisphere) for 
separate high pressure cells to form over the great 
oceans. This tendency is true only in the lower 
troposphere; at higher Ievels pressure may actually 
be higher over the continents, especially in summer. 
Nevertheless, the tendency extends high enough to 
affect a considerable depth of the moist layer of the 
troposphere, which travels clockwise round the western 
flank of the ocean cells to inject itself into the wester- 
lies. The second cause of cellularity is the profound 
reorganization of circulation that takes place over 
subtropical Asia in summer, the so-called monsoon. 
In the northern hemisphere, the oceanic high effects 

produce breaks in the arid zone over the western 
Atlantic and Gulf of Mexico, and over the Philippine- 
Marianas sector of the Pacific. The Atlantic zone 
is due to the familiar Bermuda high. This feature is 
quasi-permanent in summer, and is often well marked 
in other seasons. In consequence, the whole of the 
subtropical Americas east of the Sonoran Desert are 
covered for much of the year by a deep, powerful 
flow of very humid air. This current: moves north- 
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westwards across the Caribbean, the Gulf of Mexico, 
the West Indies and the southern United States. 
Thereafter it turns north-eastwards to enter the 
mid-latitude westerlies, forming the major part of 
the moisture supply for rainy eastern North America. 
The entire latitude belt between 10" N. and 35" N. 

in these longitudes, then has a very abundant supply 
of precipitable water for much of the year. This area, 
moreover, is very prone to atmospheric disturbances. 
In summer and autumn, the characteristic tropical 
perturbaLions are very common. Easterly waves and 
hurricanes produce widespread rainfall in the warmer 
months. In the cooler season, the frequent injection of 
cold air-masses leads to cold frontal or shear-line rain. 
Analogous situations occur in the southern hemis- 

phere in east coastal Australia, South Africa and South 
America. High moisture contents coupled with frequent 
disturbances enable belts of moderate rainfall to link 
the normal rainy belts of the tropics and mid-latitudes. 
By contrast, the west coasts of South Africa and 
South America are intensely dry because of divergent 
southerly currents round the east end of oceanic highs. 
The anomalous climates of south-east Asia arise 

from the so-called monsoonal circulation. The facts of 
this circulation are too well known to require repeti- 
tion. The next effect, however, is to produce continuous 
advection of high moisture contents from the Indian 
Ocean over much of the continent in summer. This 
advection combined with widespread convergence and 

the frequent development of Ehallow disturbances per- 
mit the well-known summer rains in latitudes nor- 
mally dry. The effect is sharply cut off in the west, 
where much drier air is involved in the circulation. 

CONCLUSION 

The aridity of the subtropics thus emerges as an aspect 
of world climate dependent on deep-seated features 
of the earth's general atmospheric circulation. It 
docs not arise from local or man-made circumstances, 
but from natural causes involving exceedingly large 
energy transformations and momentum transports. 
It is inconceivable that the régime can be signif- 
icantly altered by human intervention. 
It is equally unlikely that any past climatic epoch 

can have experienced a complete absence of subtropical 
aridity. As we have seen, the maintenance of the 
mid-latitude westerlies absolutely requires the exis- 
tence of compensating easterlies in the tropics. 
Similarly the transfer of momentum and heat north- 
ward in the tropics requires the existence of a Hadley 
cell, with subsidence (and hence low humidity and 
drought) at some subtropical latitude. Hence it seems 
likely that the arid zone can have been no more than 
constricted in extent and driven a few degrees equa- 
torward at the height of the recent glaciation; it can 
hardly have been eliminated altogether. 
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CLIMATE AND GENERAL 
CIRCULATION : CHARACTER 
AND VARIABILITY 

GENERAL CONSIDERATIONS 

The mathematically defined and areally delimited 
distribution of arid lands is essentially part of the 
purpose and scope of statistical climatology. The dry 
zones are classified as semi-arid, arid and extremely 
arid and further subdivided according to criteria 
such as hot, mild, cool or cold. A further and impor- 
tant distinction between summer and winter precipi- 
tation régimes can also be applied. Such are the 
principles so far adopted in the Unesco maps 
Nos. 392 and 393 by Peveril Meigs on the distribution 
of arid homoclimates or on considerations of regional 
climate and ecology prepared under Unesco auspices. 
When however the function of climatic variability 

-of weather on a short-term and on a long-term 
basis-is to be conceived arid assessed, the approach 
~ U S L  be that of the meteorologist. Arid climates can 
then no longer be simply defined and delimited-their 
existence must be physically explained and accounted 
for in terms of the dominant atmospheric circulation. 
This is the essence of dynamic and synoptic climatology, 
which is concerned with pressure fields, circulatory 
components, flow-patterns and air-mass characters. 
It is not intended here to present a dynamic clima- 
tology of arid lands, nor is it our object to present 
a mass of observations on climatological parameters. 
But it has proved to be difficult and hazardous to 
formulate opinions on climatic fluctuations, climatic 
variations and climatic changes without a sound 
understanding of the principles of the atmospheric 
circulation. The following is a very brief outline of the 
dynamical desert types and of the controlling factors 
of the general atmospheric circulation underlying 
the geographical distribution of the world deserts. 
Only on such a basis can the modifications of climate 

in recent geological times be seen in their proper 
perspectives and concisely synthesized in the normal 
range of secular variability. 

T w o  essentially different factors are responsible for 
climatic aridity : relief and the distribution of land 
and sea on the one hand, and the physical character- 
istics of the planetary air circulation on the other. 

The negative effect of relief can be encountered 
in Lhe lee of high mountains running perpendicular 
to the prevailing winds. This ‘rain-shadow’ effect is 
markedly pronounced on leeward mountain slopes 
and interior basins such as eastern Turkestan (Takla 
Makan Desert) or the Great Basin and the Great Plains. 
Moist air-masses reach their condensation level upon 
orographic uplift on the windward side of mountain 
ranges, losing a good part of their moisture by preci- 
pitation. When the air moves downslope again the 
absolute vapour pressure is already quite low, while 
the relative humidity is further decreased by the 
adiabatic warming during subsidence. Thus very 
little rain will fall on the leeward slopes and basins. 
In basin areas surrounded on almost all sides by 
high mountains, moist winds will rarely ever reach 
the interior, so that rainfall will at all times be light. 

Continental interiors far removed from warm 
oceans, and thereby from moist air-masses, are gene- 
rally dry. In the extreme case of Central Asia, moisture- 
laden winds of westerly origin must pass over thousands 
of miles of land surface, often of differentiated relief, 
arriving in the interior weaker and generally dry. 
Similarly moist air-masses of southerly or easterly 
origin must first pass over several barriers of formid- 
able mountains, so that little moisture is retained 
by the time the air descends upon the interior. 

Such factors of relief or the distribution of land 
and sea are responsible for the arid lands of middle 
and higher latitudes : the Great Basin, the Great 
Plains, the Patagonian Desert, the great Eurasian 
steppe reaching from southern Russia across Turkestan 
to Mongolia, as well as Central Anatolia and interior 
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Iran. Generally speaking precipitation anomalies 
relaled to climatic varialions will be somewhat less 
pronounced in these 'naturally' dry lands than in 
areas rendered arid through primary features of the 
general atmospheric circulation. These deserts of 
lower latitudes are due to the planetary phenomenon 
known as the 'trade-wind belts'. To understand this 
dynamical mechanism it will be necessary first to 
illustrate and define some basic concepts. 
Two factors among others tend to dominate the 

circulation of the atmosphere : (a) the deflective force 
of the earth's rotation and the frictional drag between 
earth and atmosphere; (b) the meridional (i.e., north- 
south) hcat exchange necessitated by net heat gain 
from solar radiation at the equator and net heat loss 
from terrestrial re-radiation at the poles. Without 
rotation, the heated air would rise over the equatorial 
zone and flow polewards at upper levels, while the 
cooled air would return to the equator as a northerly 
surface current. Allowing for the effect of the earth's 
rotation, the upper current would tend to be deflected 
into a westerly wind and the lower to an easterly. 
So it is physically conceivable that, theoretically 
speaking, a simple circulation with easterly compo- 
nents in the lower and westerly components in the 
upper atmosphere would result, where friction would 
take care of horizontal exchange between air-masses 
of different latitudes. However, owing to vorticity 
change in air-masses moving meridionally, the 
westerly circulation intensifies from pole to equator, 
achieving a maximum in about latitude 40". Farther 
equatorwards the rotational movement of the earth 
causes the westerly winds of the upper air to decelerate 
once again. At about this critica1 latitude the steepest 
horizontal temperature gradient between equator 
and pole is associated with maximum upper air 
velocities (at about 10-13 km altitude) known as the 
jet-stream. In actual case the jet-stream circulation 
is so strong as to induce the lower circulation of 
middle latitudes to take on a prevailing westerly 
character as well. As a result, westerly winds-the 
circumplanetary or disturbed westerlies-dominate 
the surface circulation between about latitudes 35" 
and 75", easterly winds between 350 and O" and 
again in high polar latitudes. The upper westerlies 
lie at very high altitudes in the domain of the equa- 
torial easterlies, generally at above 18 km. 
At the contact zone of the surface westerly and 

easterly winds, subsiding air from higher levels is 
associated with the subtropical belt of high pressure-a 
zone of anticyclonic cells known as the horse lati- 
tudes. Simultaneously the intense heating of the 
atmosphere at the equator leads to mass convection 
and a belt of low pressure tending to follow the zone 
of maximum seasonal insolation. A secondary circu- 
lation system Lakes care of the thermal exchange 
between this equatorial low and the horse latitudes, 
whereby the deflecting force of the earth's rotation 

results in a north-easterly current on the northern 
hemisphere, a south-easterly current on the southern. 
These north-east and south-eas t trade-winds converge 
upon the equatorial low pressure belt or intertropical 
convergence zone (ITC). The trades form a strong, 
steady current over the oceans and the western sides 
of the continents. They are characterized by the 
so-called trade-wind inversion, at which altitudinal 
temperaturc jumps of +3' to +So C. and moisture 
decreases of 30-50 per cent occur. This trade inversion 
lies at 700-800 m. in the Mediterranean during 
summer, at 1,200-1,4~00 m. and 2,000 m. over the 
North and South Atlantic respectively, separating 
two layers of the trades coming from comparatively 
higher (cooler and moister) and lower latitudes (drier 
and warmer). The trade inversion acts as an upper 
limit of convection clouds and is responsible for the 
low precipiiation of the trade-wind current. 
The great Saharan-Arabian Desert complex, the 

Thar Desert of India, the Namib and Kalahari of 
Soulh Africa, the Californian Desert, the Atacama of 
Peru, Bolivia and Chile and the great interior deserts 
of Australia are all situated in the heart of the trade- 
wind belt and are climatic deserts due to the planetary 
circulation. Only when the trades blow inshore and 
are uplifted upon coastal mountains, as in eastern 
Australia or eastern Africa, do they bring appreciable 
precipitation, 
A great exception to the planetary trade circulation 

is found in the monsoonal circulation of south-east 
Asia and, to a lesser extent, West Africa, the Sudan 
and northern Australia. D u e  to the great thermal 
and barometric contrasts of land and ocean in the 
course of summer cyclonic heating and winter anti- 
cyclonic cooling of the continental interiors, a great 
dynamical circulation system leads to a moist onshore 
current during summer and dry off-land circulation 
in winter. The Asiatic monsoons arc of such continental 
dimensions that the earth's rotation deflects the 
prevailing current to the right on the northern hemis- 
phere, to the left on the southern. Thanks to these 

LAR EASTERLIES 

LOW PRESSUR 

HIGH PRESSUR 

INTERTROPICAL CONVERGENCE ZONE 

FIG. 1. Model of tho general circulation of the atmosphere 
(northern hemisphere). Short dashed lines indicate upper 
air pressure distribution, full lines pressured istribution in 
thc lower atrnospherc. (Based on Flohn [C7] and Hare [51].) 
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monsoons much of southern and south-eastern Asia, 
although situated in trade-wind latitudes, is generally 
quile moist. 
A simplified model of the general circulation in the 

northern hemisphere is given in Fig. 1. For a regional 
trealment of the circulation features controlling 
aridity and the meteorological aspects of precipitation 
the reader is referred to standard texts. (See [13, 51, 
52, 801 and also [26, chapter 21.) 

PRESENT-DAY VARIABILITY 
OF F L O W - P A TTERNS 

The general circulation is an equilibrium of several 
forces ultimately reflecting the earth’s rotation and 
the radiation of the sun. Although the former is not 
of proven, climatically significant variability, the 
radiation of the sun varies regularly, periodically and 
possibly also episodically. The most strilung of these 
variations is the contrast of summer and winter, 
whereby the entire planetary and monsoonal circula- 
tion picture is profoundly altered. This is merely 
a matter of insolation and changing thermal gradients. 
The less noticeable variations of the solar spectrum, 
and the particle emissions of the sun and possibly 
also of the solar constant, 30 in all probability play 
some part in modifying pressure distribution and the 
circulation picture of the planet. Such effects were 
claimed for particle invasions [43], but were contro- 
verted later and we do not yet have an over-all picture 
of how the various phenomena are associated. In 
other words slight or even moderate shifts of the 
general circulation are possible and probable as a 
common feature, mainly reflecting activities on the 
sun. Over longer periods such variability can very 
well attain sizeable proportions. In other words the 
changing climatic record of historical geology cannoi 
be of surprise to the meteorologist who continually 
observes small-term shifts of more limited duration, 
intensity and areal occurrence at the present time. 
The short-term patterns of the general circulation 

occurring over a period of several days or weeks 
have long attracted the attention of the forecaster, 
who can sometimes predict the general weather 
development for several days or weeks ahead when 
a particular atmospheric flow-pattern establishes 
itself. Circulation anomalies such as can be followed 
upon synoptic maps from week to week and month 
to month are essentially similar in character to those 
which occurred on a larger scale in historical and 
geological times. The definition of two major patterns 
or types some fifteen years ago, largely owing to the 
work of Hurd C. Willett, marked a milestone in the 
study of past climates : it had become possible to 
synthesize and express the dynamics of circulation 
anomalies and hence of climatic variability. In a series 
of epoch-making papers, Willett revolutionized past 

theory on climatic change and expressed the major 
climatic phases of the recent geological past in terms 
of present-day weather anomalies. He also gave great 
impetus to a sophisticated analysis of the recent 
climatic fluctuation of the last century. 
According to Willctt [85] and Flohn [48] these 

circulation types were expressed as zonal and meri- 
dional varieties.1 The zonal circulation pattern is 
characterized by a well-developed jet-stream, hardly 
disrupted by the cold and warm air-masses travelling 
in the upper air and issuing from higher and lower 
latitudes respectively. The subpolar low and the 
subtropical high pressure belts are well developed, 
while the zone of maximal temperature gradient, 
the jet-stream, retires poleward. The trade-wind 
circulation is regular and disturbed only by shallow 
cold waves while cyclonic activity in the equatorial 
belt is relatively moderate. On the other hand, 
periods of meridional circulation type are character- 
ized by weaker planetary westerlies, which are 
dominated by very extensive quasi-stalionary wave 
movements. Extensive upper air troughs extend far 
equatorwards and introduce polar air-masses into the 
tropics, while tropical air-masses are carried far 
polewards in exchange. In the lower atmosphere 
the subpolar low pressure belt is largely dissolved 
while the jet-stream is shifted equatorwards. The 
subtropical cells of high pressure are weakened and 
separated by travelling depressions disturbing the 
normal trade-wind circulation, permitting deep cold 
waves to enter the iropics and favouring a livelier 
and intensified cyclogenesis in the equatorial conver- 
gence zone. The palaeoclimatic significance of the 
character and position of the jet-stream is almost 
axiomatic : Lhe number, intensity and paths of 
lower middle latitude depressions reflect the intensity 
and position of the upper air jet (see [26]). 
Willett, Flohn and many others have expressed 

the opinion that the zonal circulation type has been 
more important in historical and postglacial times 
and should be considered as the specifically non- 
glacial or ‘interglacial’ circulation form. The north- 
ward shift on the jet and planetary westerlies, with 
little or no invasion of cold fronts into the subtropics, 
is rather unfavourable for precipitation in the trade- 
wind deserL belts. On the other hand these authors 
consider the Ice Ages of the Pleistocene and the 
short-term trends to colder weather in historical 
times (e.g., the re-advances of the glaciers in the 
seventeenth and nineteenth centuries) as meridional 
anomalies. An associated breakdown of the trade 
circulation with penetration of numerous cold waves 
to the tropics is quite favourable for precipitation 
throughout the trade desert zone, particularly on 
the southern and northern margins. Of course both 
circulation pattern types have existed at all times, 

1. T h e  sections which follow should L e  compnred with Professor IInrc’s nnol- 
ysis in the preceding chapter. 
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€or without them the dynamics of thermal exchange 
and intrinsic circulatory stability could not function 
properly. But the ratio of one type to thc other varies 
from year to year. Brezowsky [16] and the present 
writer [21] have been able to show that the recent 
climatic fluctuation in middle and lower latitudes 
of the Old World has been associated with an over-all 
increase of zooal patterns between the means 1881- 
1910 and 1911-1940. In this sense the present hend 
to greater aridity has been zonal in character and 
coupled with generally higher temperatures in middle 
latitudes. 

Regarding the applicabiliiy of the concept of a 
single meridional flow type, Wallén [83] has found 
it necessary to distinguish between a south or warm 
meridional circulation with essentially south-west- 
erly steering over Scandinavia and a north meridional 
form with north-westerly flow in higher latitudes. 
The former carries warm air from lower latitudes 
to northern Europe, the latter cool moist air from 
higher latitudes. Both meridional circulation forms 
are quite distinct from the essentially west to east 
flow of zonal character, and merely reflect a different 
location and break-up of the quasi-stationary waves 
of the jet-stream during periods of meridional flow. 
The distinction of north-westerly or south-westerly 
steering over the eastern Atlantic and western Medi- 
terranean must further be applied to both north 
and south meridional types, With north-westerly 
steering in lower middle latitudes moist air-masses 
enter the Mediterranean Basin over France or Spain, 
enabling cyclogenesis and frontal activity in the 
lower atmosphere, coupled with a fresh upper air 
westerly flow. With south-westerly sieering the 
Mediterranean Basin is generally under the domination 
of continental tropical air-masses and upper air 
winds are weak. An exception is provided when the 
upper air steering in the Balkans and south Russia is 
north-westerly or northerly. In that case cool air- 
masses can lead LO cyclogenesis and frontal activity 
in the Near East. Of course the above differentiation 
of the meridional flow patterns is of local character 
and applies only to the western half of the Old World. 
The necessity of differentiating between steering 
types in north-western and in south-western Europe 
(in practice both situations are independent of each 
other) is due to the inapplicability of the simple 
scheme cold-wet and warm-dry to past climatic 
fluctuations in lower latitudes [20, 211. Although 
warm periods were predominantly dry here, there 
have also been several distinct warm-moist phases, 
for example in the Sahara-these can only be accounted 
for by south meridional circulation accompanied by 
north-westerly steering in lower middle latitudec. 
On the other hand the cool-moist phases charac- 
terizing the early glacial phases and the true pluvial 
periods were associated with the north-westerly 
s Leering variety of north mcridional circulation. 

These fundamental concepts of zonal, south and 
north meridional, as well as lower middle latitudc 
north-westerly or so uth-westerly steering of circulation 
pat ierns, as known from present-day anomalies, 
will be discussed further in the light of the empirical 
evidence of past climates. Summarizing briefly, w e  
can set up a simplified general scheme of types 
(see Table 1). 

TABLE 1. Circulation types and wcatlier trends 

Weather trends in 

Central and North 
Europe 

Circulation type 
Mediterranean 

Zonal Dry, warm Moist; mild winters, 
(west steering) cool summers 

South Warm: with south- Rainfall moderate; 
meridional west steering rainfall temperatures higher 

lower; with north- 
west higher 

North Cooler: with north- Relatively moist; 
meridional west steering rainfall temperatures lower 

higher; with south- 
west lower 

Specific types of the large-scale weather patterns 
as employed by the German Weather Service, totaling 
some 24 types, can be assigned to each of the above 
circulation forms. The different types of arid zone 
climates and dominating circulation patterns occurring 
in Quaternary times can also be synthesized as : 
1. Warm-moist. North-westerly (south meridional) 

and westerly steering. Moist interglacial (sub- 
pluvial). 

2. Cool-moisl. North-westerly (north meridional) 
steering. Early and full glacial (pluvial). 

3. Cool-dry. Westerly and south-westerly (south and 
north meridional) steering, Late interglacial (inter- 
pluvial). 

4. Warm-dry. South-westerly (south meridional) and 
westerly steering. Interglacial (interpluvial). 

Alast factor, not yet fully analysed, is the question 
of the absolute intensity of the circulation in the 
sense of the upper air wind velocities and the rate of 
the condensation cycle. One could suggest the warm- 
dry and cool-dry periods as characterized by a general 
slackening of, the condensation cycle and a lower 
vapour content o€ the atmosphere, and vice verba. 
A possible explanation would be the temperature 
gradient between pole and equator; also, for example, 
the present-day contrasts between summer and 
winter. It has already been shown that the circu- 
lation changes leading over between glacial and 
interglacial periods preceded world temperature 
changes [ZO]. During early glacial periods the tempe- 
rature gradient would be maximal whereas during 
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late glacial periods it would be greatly i.cduced 
owing to the (largely secondary) cooling of the tropics. 
It is more difficult to account for such features of 
interglacials however. 

THE CLIMATES OF THE PLEISTOCENE : 
PLUVIALS AND INTERPLUVIALS 

During the greater part of geological time, now 
estimated to be about 3,000 million years, world 
temperatures were higher and, above all, more 
uniform. There were no polar ice caps and the tempe- 
rature gradient between equator and poles was very 
considerably less than today, subtropical fauna and 
flora being able to thrive at the Arctic Circle during 
a number of stages of earth history. As can be expected 
with such temperature dislributions the general 
circulation of the atmosphere was slack with wide- 
spread aridity even in higher latitudes during several 
geological epochs. This then is tlie ‘cormal climate of 
geological time’. Those few Ice Ages which have 
occurred-periods in which polar and Continental 
ice sheets drastically changed the climatological 
picture-were of comparatively brief duration. The 
recent Ice Age or Pleistocene period comprised at 
the very least five or six glacial periods during a time 
span of not much more than a million years. The 
reasons for our interest in this, climatologically 
speaking, phenomenal phase of earth history are 
manifold. Perhaps the most relevant factor is that the 
beginning of the Pleistocene saw the first appearance 
of Man. From that moment onward the earth’s history 
becomes of vital significance to the history of the 
human race. Before M a n  first secured a far-reaching 
mastery over his environment some 10,000 years ago, 
fluctuating continental glaciers in the temperate 
zone and variable precipitation over the lower latitude 
grasslands forecd his ancestors to move north or 
south after the animals they hunted. Even to the 
present day climatic variability continues in some 
way or other to exert its influences upon human 
ecology, especially where technology, rationaliza- 
tion and standards of living are still ‘underdeve- 
loped’. Bearing this human factor in mind we have 
developed this discussion with a broad emphasis on 
climate and its possible ecological implications and 
less 011 a straligraphical basis. 

T H E  PLEISTOCENE GEOGRAPIIY OF 
T H E  EASTERN HEMISPHERE D R Y  ZONE 

Less than ten years after O. Torell was able to prove 
conclusively that continental glaciers had once 
penetrated in to the heart of Central Europe did 
E. Hull recognize the existence of moist phases in 
lower latitudes, and to which he gave the name 

‘pluvial’ in 1884. Largely due to the work of 
G. K. Gilbert in the Great Basin and M. Blanekenhorn 
in the Near East it was recognized that these pluvial 
periods stood in direct relation to the glacial periods 
of higher latitudes, it being assumed that both were 
contemporary. In this way the Pleistocene was con- 
ceived of as a Pluvial Age in lower latitudes, a Glacial 
Age in higher and middle latitudes. Both Blanckenhorn 
and Gilbert clearly recognized that there were several 
pluvials separated by drier phases or interpluvials, 
and that the Pleistocene had not just been a single, 
uninlerrupted moist period. As a matter of nomen- 
clature, a ‘pluvial’ is today defined as a phase of 
widespread, long-term rainfall increase of sufficient 
duration and intensity to be of geological significance. 

Convincing geological evidence that pluvials and 
glacials were more or less contemporary was at, first 
not easy to provide, although archaeological parallel- 
izations long pointed in this direction. Only after 
the significance of glacio-eustatic fluctuations of the 
world sea level was recognized, namely that the 
water content of continental glaciers is ultimately 
derived from the oceans, was it at last possible to 
achieve a more reliable means of geological correla- 
tion. During the various Pleistocene glaciations 
millions of cubic kilometres of ocean water were 
stored up in the continental ice masses so that the 
world sea level fell by about 100 m. or more; during 
the warmer, interglacial periods the present ice-caps 
of Greenland and Antarctica were reduced in size 
with corresponding rises of the ocean level to somewhat 
above the present mean sea level. From the Medi- 
terranean area and Ghana for example it has been 
possible to show the association of pluvial continental 
deposits with marine regressions, i.e., glacial phases, 
while from other areas it has been indicated that arid 
zone deposits were contemporary with high, inter- 
glacial sea levels. For the poleward margins of the 
trade-wind desert belts the essential correlation of 
glacial-pluvial must be accepted as proven to-day; 
for the equatorial margins the reliable evidence accu- 
mulating points in the same direction. 
The climatic and ecologic character of the various 

climates of the Pleistocene was obviously different 
in (a) the temperate or cool arid lands, (b) the subtrop- 
ical or warm lands on the poleward margins of the 
trade-wind desert belts, and (c) the tropical lands 
on their equatorial margins. Each of these zones of 
the Old World will be discussed briefly with respect 
to the glacial-pluvial phases, questions of chronology 
being widely omitted. Finally a separate subsection 
is devoted to the climate and ecological environment of 
the Old World arid zone during the interglacial periods. 

The gluciul periods in the middle latitude semi-arid zone 

The great Eurasian steppe zone, Anatolia, the Iranian 
interior, the Spanish meseta and the Atlas Ranges 
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of Morocco and Algeria fall within the temperate 
dry climates today, which are usually delimited by 
the annual isotherm of 18" C. or the January isotherm 
10" C. This includes the great interior deserts of topo- 
graphical (relief) origin and the transitional belt 
between these and the trade-wind desert belt. The 
glacial periods of the Pleistocene were here charac- 
terized by a cold climate but by little or no increase 
in precipitation. Reduced evaporation associated 
with lower summer temperatures (5" C. and more) 
had a positive effect on the hydrological budget 
however, and the levels of lakes and inland seas were 
considerably higher than today, as for example the 
Caspian Sea by 75 m., so that it overflowed into the 
Black Sea. For details see [87, p. 320-391, [26, p. 27-32, 
p. 87-97] and [45, p. 234-361. Of further interest 
in the semi-arid region is the temperate or even 
subpolar character of the vegetation. In the north, 
pollen profiles show that forests were very sparse 
and thin while southern Russia remained a steppe, 
therefore the higher lake levels must be attributed 
to reduced evaporation alone. Notable is that only 
very few such lakes overflowed-indicating a wide 
persistence of semi-arid conditions. River terraces 

due to streams overloaded with malerial of fluvio- 
glacial or periglacial origin are widespread along 
streams originating above the former altitudinal 
tree limit. These should not be confused with pluvial 
terraces due to increased precipilation in areas 
outside the influence of glaciers or solifluction. 
However, south of the Caucasus and Hindulmsh, the 
temperature lowering of the glacials was appreciably 
less and high lake fitrandlines here must also be 
assigned in good part to greater precipitation. W e  
assume a temperate mixed or coniferous forest for 
the greater part of Anatolia and north-western Iran, 
grading over into steppe in the flat continental 
interiors. A tentative picture of the W ü r m  age 
vegetation of Eurasia is given by Frenzel and Troll [50], 
of the Near East by Butzer [26], the main features 
of which have been reproduced in Fig. 2. 

The pluvials in the subtropical arid lands 

The Thar of north-west India, the Fertile Crescent- 
Syrian Desert, and North Africa belong to the 
trade-wind deserts where the effect of tempera- 
ture lowering (about 40 C.) during the glacials was 

PIG. 2. Theoretical reconstruction of moisture conditions during a glacial-pluvial phase: 1. approximate shorelines 
of oceans (100 m. isobath); 2. modern 180 C. isotherm; 3. approximate position 01 180 C. isotherm during a glacial- 
pluvial phase; 4. modern semi-arid zone belonging to humid climatic province in pluvial times; 5. semi-arid zone in pluvial 
times; 6. arid zone during pluvial times; 7. extension of inland seas in pluvial times. Hypothetical moisture zones refer 
to the moisture classification of C. W. Thornthwaite. (Based in part on Frenzel and Troll [SO] and Butzer [26, 271.) 
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subordinate to that of increased precipitation and a 
lengthened rainy season. Apart from the Dead Sea, 
which stood 240 m. higher than ai presenl during 
an earlier pluvial period, there is generally little 
evidence of higher lake levels. Instead our knowledge 
of the character and effect of the pluvials is derived 
from other sources : wadi terraces and fossil soils 
iudicating greater humidity. For this geological 
material the reader is referred LO [79] for the Indian 
subcontinent, [70, 891 and [26] for the Near East 
and [28, 74~, 871 for North Africa. 
During these pluvial phases Palaeolithic M a n  was 

able to wander through what is now barren desert, 
and one must assume that some plant and animal 
life was possible in the heari of the Sahara. Of 
course, with the exception of the central highlands, 
this area was never the optimal biozone and the 
existence of perennial rivers or of generally luxuriant 
vegetation, other than at edaphically suited locations, 
must be negated. Figure 2 has been extended so as 
to include North Africa as well as the Sudan, 
thereby enabling a tentative outline picture of the 
ecological implications of the subtropical pluvials. 

The pluvials in the tropical or equatorial 
arid zone 

The southern margins of the Sahara, East Africa in 
the wider sense of the word and the dry grasslands 
and‘ desert of South West Africa, Southern Rhodesia 
and the northern half of the South African Union 
belong in the realm of the trade-wind circulation, 
where Glacial Age temperature lowering was next 
to negligible (0.5-4 o C.) but the precipitation augmen- 
tation was quite appreciable. The classical example 
of raised lake levels and fossil lacustrine deposits 
holds good for the Sudanese Sahel belt. There were 
innumerable fresh water lakes situated in the basins 
between Tibesti and Ennedi or south of the Hoggar. 
And of course Lake Chad was a huge body of water 
attaining a depth of perhaps 60 m. Between the fossil 
dunes of the Sudan-from the White Nile to the 
Atlantic-there are countless deposits indicating 
former lakes once attaining 10-20 m. depth. This 
moist. phase can be dated as Middle Palaeolithic, i.e., 
in the Upper Pleistocene [21]. This period was also 
associated with red earth formation under humid con- 
ditions in the Dakar area. Tne laterite or mantle-rock 
of West Africa also belongs to a wetter climate [18], 
which was contemporary with a marine regression. 
The pluvial evidence of East Africa is interestingly 

coupled with at least two glaciations of the high 
mountains in Ethiopia and Kenya [69]. Although 
the inestimable effect of tectonic activity in this 
particularly disturbed area cannot. be discounted, 
there is certainly sufficient geological evidence in 
favour of several Pleistocene pluvials, during which 

coarse gravels were carried by the rivers and all 
lakes stood very much higher than today. It is assumed 
that -the greater part of the steppe country was 
forested, some moderate estimates suggesting rain- 
fall increases of about 50 per cent. The only more 
comprehensive study on the matter is the outline 
by Sonia Cole [343] with an extensive bibliography. 
Similarly in South Africa there is a very detailed 
and thorough Pleistocene sequence, and geological- 
archaelogical studies of the river terraces of the 
Upper Zambesi [32] and the Vaal [15] have shown the 
existence of three or four major Pleistocene pluvials, 
each of which can be subdivided into two or more stages. 
For the sake of convenience what few remarks 

can be made on the Australian Pleistocene are included 
at this point. Apart from the Pleistocene glaciations 
detailed studies are limited to the fossil lake deposits 
of the Lake Eyre region, where a huge lake attained 
some 100,000 km.2 and a depth of over 50 m. [37, p. 6161. 
This recalls the Sahara and Central Asia and presup- 
poses a sizeable improvement of moisture conditions 
at one time or other. 

The climate of the Late Glacial 
and Interglacial periods 

From the foregoing remarks one could obtain the 
impression that the Pleistocene was altogether much 
moister than today. This was not so however. During 
the greater part of the Pleistocene the climate of the 
trade-wind desert belts was just as arid, or even 
more so, than it is today. The pluvials were important 
enough but only comparatively temporary features. 
It was implicitly noted that each pluvial episode 
was followed by an ‘interpluvial’. Generally the 
contemporary climate of such millenia was like that 
of today. However in the Sudanese Sahel and Rhodesia 
there is evidence that the interpluvials were even 
much more arid at times. 
Since full aridity set in at least 8,000 years before 

the end of the last glaciation [21, 26, 28, 301, it is not 
fully justified to simply correlate interglacial with inter- 
pluvial as this means a cool-dry climate in Late Glacial 
times. There are other indications of very brief moist 
interludes in lower latitudes possibly related to the 
temporary re-advances of the dissipating continental 
ice. Such a moist spell has been tentatively identified 
from the Near East at about 9000 B.C. [26, p. 106-81. 
Another factor incompatible with the axiom inter- 
glacial = interpluvial is the warm-moist palaeocli- 
matic type, which will be discussed in detail later, 
at the height of the postglacial thermal maximum. 
But similar evidence can also be found during the 
Pleistocene proper [28], where such a warm-moist 
climate seems to fall on the threshold interglacial/ 
glacial or into the second half of the interglacials. W e  
cannot tell as yet. 
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Summarizing in the form of a table ive can 
synthesize the Old World Pleistocene as follows : 

TABLF 2. A synthesis of the Old World Pleistocene 

Northern Europe Lower latitude nrid zone 

c. 1 million years 
Lowest Pleis to- 

Lower Pleisto- 
cene 

cene 

Middle Pleisto- 
cene 

c. 100,000 years 
Upper Pleisto- 
cene 

e. 10,000 years 
I-Iolocene 
Prcsent 

Several cold phases 

Günz glaciation 
G/M interglacial 
Mindel glaciation 
M/R interglacial 
Riss glaciation 

R/W interglacial 
Late interglacial 
Early, Main Würm 
Late Würm glacial 

Postglacial period 

For the greater part 

Pluvial (ICageran?) 
Interpluvial 
iPluvial (Kamasian) 
'Major interpluvial 
/Pluvial (Kanjeran) 
'Interpluvial 

quite moist 

Pluvial (Gamblian) 
Pluvial (Gamblian) 
Postpluvial phase I 

Minor fluctuations 

In Lower and Middle Palaeolithic times M a n  was 
not specialized either as a hunter or food-gatherer. 
Specialized hunting-cultures first appeared with the 
Upper Palaeolithic, at a time when the arid zone 
had reverted to more or less its present conditions, 
for example, the Sahara was next to uninhabited, 
except for oases or river valleys, between the Middle 
Palaeolithic and Neolithic times [28, 301. As Near 
Eastern Man did know how to use fire as a hunter's 
device, it will certainly not have played any great 
part in modifying the ecological picture of the already 
desiccated plains. 
Reviewing the meteorological implications it may 

be postulated that the interpluvials were connected 
with a predominantly south-wes t steering pattern 
of meridional type of westerly, zonal flow. Westerly 
disturbances of higher latitudes did not penetrate 
the lower latitude belt of dry lands while the tropical 
summer rains connected with the African monsoons 
must have been less pronounced-just as during 
our recen1 climatic fluctuation [21, 571 one can 
assume a weaker circulation in Lhe Mediterranean 
and a northward shift of the subtropical high pressure 
cells, with a general weakening of the monsoons. 
Though much of this applies to the greater part 
of the interglacials it is also applicable to the period 
of general warm-up and ice retreat during the Late 
Glacial intervals. Moist interglacial climates may 
be due to an abnormal frequency of south meridional 
types o€ circulation with north-wes terly steering in 

lower middle latitudes or to a very gradual shift 
favouring norlh meridional flow at the onset of the 
glaciations. At any rale the early glacials were charac- 
terized by a strong meridional iypc circulation with 
predominantly north-westerly flow in northern and 
western Europe-long before the continental ice suppo- 
sedly ' deflected' moving cyclones southwards [ZO]. 
The gradual standstill of Llie ice would probably 
reflect an increasing tendency io generally westerly 
or south-westerly flow in the upper air, coupled with 
a slow-down of the condensation cycle. 

PLUVIO-GLACIAL CLIMATES IN THE AMERICAS 

As was the case with the Old World arid zone, the 
glacial phases of the Pleistocene were associated 
with greater moisture and lower temperatures in the 
dry lands of North and South America. T w o  great 
mountain ranges run more or less north-south through 
the American South-west and northern Mexico, so 
that almost everywhere the latitudinal shifts of the 
temperature zones were quite appreciable. Through- 
out the area in question the mountain glaciers 
advanced quite considerably or new cirque glaciers 
were created in response to a temperature lowering 
of the order of at least 3" C. [3, 12, 39, 711. The N e w  
World stratigraphic nomenclature for the four classical 
European glaciations is : 

W ü r m  = Wisconsin 
Riss = Illinoian 
Mindel = Kansan 
Günz = Nebraskan 

Although there is still much disagreement on the 
earlier glaciations, particularly of the Rocky Moun- 
tains, three pre-Wisconsin glacial stages have been 
verified [71], although the matter of correlation 
remains open. 

The evidence for greater humidity is as striking 
as that in the African and Asian dry zone : well over 
a hundred major pluvial lakes, where little or no 
perennial water occurs today, are known in the 
USA alone [lo, 33, 4g5, 4t6, 531. The situation is similar 
in Mexico [19] and in the arid zone of South America 
[56, p. 545-51; 4'5; 811. 
Regarding the first appearance of M a n  in Lhe N e w  

World, anthropologists are far from agreement. 
Nevertheless radiocarbon dates now bring us back 
to the Main Wisconsin period and a first crossing 
of the Bering Strait (from -50 to -90 m.) could 
possibly have beeii effected during the Early Wis- 
consin period. For that matter southward progress 
would not have been difficult during the earlier half 
of Wisconsin time, before the ice had attained conti- 
nental dimensions. A tenta tive but illustrative recon- 
struction of the Wisconsin age pluvio-glacial climate 
has been made by Dillon [39]. 
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THE E A RLY 1-1 O L O CENE : E NV I R O NM E NT 
AND ECOLOGY IN NEOLITHIC AND 
E AR LY H I S  T O RICA L TIM E S 

As already discussed, full aridity, often exceeding 
that of the present, was achieved some 15,000 years 
ago. Since that time climate has fluctuated but little 
-on an average more or less equivalent to that of 
today. Postpluvial humid fluctuations have occurred, 
but they cannot. be compared with the pluvials 
proper and axe geologically unimportant; their signif- 
icance lies rather in the ecological environment they 
provided for M a n  and animal. With the first appear- 
ance of the Middle Stone Age in the Near East after 
about 10000 B.C., the climalic succession bears 
witness to the rapidly evolving prehistoric cultures 
of that area, the beginnings of animal domestication 
and eventually the food-producing ‘ Neolithic’ economy. 
From the latter sprang the ancient civilizations of the 
Nile, Tigris-Euphrates and Indus Valleys. The chang- 
ing climatic environments enjoyed by M a n  during 
these critical and decisive millenia of human history 
have been widely misunderstood, and w e  wish to 
show that although changes of ecological importance 
have occurred, these have only been of limited 
influence since that time when M a n  first crossed the 
threshold of historical documenlation. 

THE POSTGLACIAL SUBPLUVIAL 
IN NORTH AFRICA A N D  SOUTH-WEST ASIA 

The existence of a minor pluvial phase of postglacial 
date-separated from lhe last Pleistocene pluvial 
by an intensely arid period-was first realized in the 
Sahara some thirty years ago thanks to the work of 
Miss G. Caton-Thompson and Miss E. W. Gardner [31]. 
Even today the evidence from North Africa in favour 
of this subpluvial (c. 5000-2350 B.C.) is the most 
convincing and best known. It m a y  be subdivided into 
two classes : faunal evidence, chiefly on the basis 
of the rock-drawings, and geological evidence, gene- 
rally of a minute but specific and detailed character. 
The two oldest groups of Neolithic rock pictures 

of the Sahara belong to a group of early hunters 
and a nomadic livestock-raising culture of East 
Hamitic affinities. These peoples everywhere left 
an invaluable record of themselves and their way 
of life, as well as of a manifold animal life-which 
nowadays would no longer be able to survive in these 
areas. The fauna depicted includes not only gazelles, 
antelopes and ostrich, but a great number of repre- 
sentations show species now limited to the savannas 
of tropical Africa : elephant, both the single and 
the two-horned rhinoceros, hippopotamus and giraffe. 
The African elephant is a woodland or parkland 
biotype, requiring immense quantities of green fodder 
daily and a perennial supply of good water, the condi- 

tions necessary for the rhinoceros are similar. The 
Iiippopotamus is confined to an aquatic environment 
along perennial rivers or lakes, and is not able to move 
far over dry land. Even the giraffe is ioday seldom 
seen in the treeless steppes but prefers a more parkland 
country. Further species include the crocodile, now 
surviving in miniaLure form in a few small perennial 
pools (gueltas) at one or two places in the Sahara, 
and the extinct buffalo Bubalis antiyuus, also known 
palaeontologically from older deposits in the Maghrib. 
Mauny [6$] has provided a valuable analysis of the 
former and present distribution of the four leading 
sp ecies (elephant, rhinoceros, hipp op ot amils and 
giraffe) of the western Sahara. The writer [24] has 
extended this study to the eastern Sahara, together 
with a survey of existing rainfall, water and pasture 
conditions in these regions. From a comparison of the 
present and historical domain of these four indicative 
species with modern rainfall, a mínimum of 150 mm. 
precipitation seems a prerequisite for the rhinoceros 
and hippopotamus, 100 mm. for the elephant and 
50 mm. for the giraffe. These are of course theoretical 
values as the local micro-ecology is in all cases domi- 
nant, but this at least gives a general idea. On the 
basis of the palaexoological material, which is substan- 
tiated by elephant remains in the Fayum or in Erdi, 
a tentative attempt to reconstruct the approximate 
rainfall distribution for the period 5000-3000 B.C. 
(see [24~, figure 21) is given in Fig. 3. The isohyets 
thus ob tained-which are similar to the recent climatic 
fluctuation in the Sahara, with increasing aridity on 
both latitudinal margins simultaneously [21]-suggest 
for the early Neolithic an increased precipitation in 
both the winter and monsoon rainfall provinces- 
and not a northward shift of the Sahara [24]. The 
marginal belts of vegetation shifted some 100-250 km. 
towards the core of the desert, while the highlands 
appeared as more favoured reservoirs of life and water 
rising above the desert plains, probably with an overlap 
of summer and winter rains. 
The testimony of the rock drawings is amply borne 

out and verified by the geological deposits [1, 7, 8, 
28, 30, 741. Apart from the stratigraphical profiles 
indicating greater moisture, which w e  omit here, 
there is also evidence of greater or appreciable warmth 
as well, including a period of red earth formalion 
during a warm, moist phase in postglacial times in 
Egypt [28, 301. Similarly a postglacial thermal 
maximum is born out by such tropical relicts as the 
water plant Pistia stretiotes, Degen’s toad (Bufo 
vittatus), the fish Gymnarchus niloticus, the Basilisk 
chameleon, several tropical snakes and mollusca 
in the Nile Delta and Fayum, as well as in the 
Maghrib [14]. 
The faunal and geological evidence is there and it is 

not surprising that there is floral evidence as well, 
although our knowledge in that direction is more 
limited. In the deserts west and east of the Egyptian 
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Butzer [24, figure 21.) 

Nile there are numerous tree stumps of acacia, 
tamarisk and also of sycamore (Ficus sycomorus), 
which have been archaelogically dated as Badarian 
to Predynastic [30]. They indicate a savanna-like 
vegetation, with small trees or copse at edaphically 
suited localities, e.g., wadi beds where water collects 
and ground water exists. Such stumps up to 32 cm. 
in diameter and with roots up to 4.5 m. long have 
been found to the south of Luxor. In addition to the 
literary sources there is, surprisingly, historical 
documentation on several Old Kingdom tomb and 
temple reliecg [30]. All in all a more generous growth 
of vegelalion, resembling a savanna, can be assigned 
to the period exteading from about 5000 B.C. to the 
Sixth DynasLy. This was of course limited to the more 
elevaled country or to the marginal Lracts-for the 
core of Lhe Libyan Desert would have remained as 
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lifeless as it is today. On the southern margins of the 
Sahara there is similar evidence of innumerable dead 
acacias [67] and, dthough the dating is uncertain, 
one can at least suspect a relation to those of Egypt. 
It is of significant interest that west of Bir el Atrun 
acacia stumps are between 30 and 40 cm. in diameter 
and sparsely set at about 3-5 per acre, indicating 
that an open savanna existed some 200 Ism. farther 
north than this vegetation can survive today. 
A last feature pertaining to more favourable ecolo- 

gical and hydrological conditions in the Sahara is the 
groundwater table. From many of the cases of the 
eastern Sahara there is good evidence that artesian 
springs once functioned where even in classical times 
water had LO be ob~ained from artificial wells. For 
example, at Kharga there are immense deposits of 
calcareous spring tufas around or in which Neolithic 
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tools have been found in great numbers. They imply 
Lhe existence over 5,000 years ago of an agricultural 

TAßm 3. 

Europe Lowrr latitiidcc 
I 

settlement established around formerly €unctioning 
springs. Similar tufas or clay hummocks have been 
noted fromthe wells of Kurkur, Sheb, and Tarfawi [67]. 
From Uweinat, Merga and Bir el Atrun there is also 
evidence that the static groundwater table was much 
higher in ‘ Neolithic ’ times-enabling nomadic cattle- 
breeders to live there until perhaps the time of the 
Sixth Dynasty (2350 B.C.). 
Leaving the Saharan area there is €urLher evidence 

of postpluvial moist intervals in East and South 
Africa. These are known as the Makalian and Nakuran 
intervals, but their chronological status remains 
very problematical. Until there are better means of 
dating the subpluvial deposits and later Stone Age 
cultures of equatorial Africa, it is better to defer an 
opinion. 
In South-west Asia [26] the evidence seems to 

indicate that there was a moist Neolithic period as 
well, although the area has not been subjected to 
intensive investigation. The Dead Sea, for example, 
has several postpluvial strandlines which are geomor- 
phologically just as fresh and well-preserved as the 
Neolithic lake deposits of the Fayum. That the Sub- 
pluvial was felt even as far as India can be see from 
deposits in the Narbada Valley, east of Bombay, 
containing a Protoneolithic industry [79, p. 3191. 
Even from N e w  Zealand there is evidence, in this 
case of pollen, of a postglacial warm and moist 
period [36], just as there is in South China and 
Hawaii [4fû]. For reference to the eTiidence of a warm- 
moist Atlantic period in other latitudes see [42, 621. 
Except €or the evidence from south-western North 
America, the universal moist and warm character 
of the first half of the postglacial thermal maximum 
is geologically, floristically and faunistically well 
founded throughout the world. 
In review, from the close of the sixth to the close 

of the third millenium B.C. there was a markedly 
greater humidity and rainfall throughout the dry 
zone of Africa and western Asia, enabling a more 
exubriant fauna and flora LO thrive in areas climatically 
unsuitable today. These ecological conditions were 
obviously of great significance to the human habitat 
and, just as they enabled the savanna fauna to migrate 
northward through the Sahara, they may have played a 
favourable role in the rapid, contemporary dispersal 
of the new food-producing economy from the Fertile 
Crescent across the highlands of Iran and over the 
deserts of North Africa. 
The meteorological implications of the postglacial 

climatic succession, which is studied more completely 
in another section, can be well reviewed in connexion 
with that of central and northern Europe [26, 4t4, 621. 
It is notable that every third-order fluctuation 

(in x lo3 years) to greater or less precipitation has 
been more or less paralleled in Europe and lower 

Preboreal 

Boreal 

Atlantic 

Subboreal 

(8100-6800 E.C.) 

(6800-5600 B.C.) 

(5600-2500 B.C.) 

(2500-8/500 B.C.) 

Cool, dry Extremely arid 

Continental, dry Arid 

Warm, humid Moist, warmer 

Warm, drier Extremely arid 

Subatlantic Cooler, humid Slightly moister 
(after 500 B.C.) 

latitudes. This can only be explained in terms of the 
absolute intensity of the upper air circulation and the 
rate of the condensation cycle. Por example the 
Atlantic and to a lesser extent the Subatlantic were 
apparently characterized by a generally higher atmo- 
spheric moisture content. Grealer aridity in both 
latitudinal zones between 8100 and 5600 B.C. and 
again 2500-500 B.C. suggests a dominantly south- 
westerly steering in lower middle lalitudes, probably 
together with a south meridional circulation. For 
the Atlantic phase the situation must have been 
different: a longer growing season in Scandinavia 
would imply a ‘warm’ circulation pattern, implicitly 
south meridional with north-westerly steering over 
the Mediterranean. However, some appreciable zonal 
components must be âssumed to account for the 
greater precipitation in Europe. An illustrative recon- 
struction of the vegetation of northern Eurasia during 
the thermal maximum (largely on the basis of pollen 
analysis) has been made by Frenzel [49]. TL’ is map 
refers to warm-dry conditions during Subboreal time. 

E A R L Y  HISTORICAL DESICCATION 
IN THE NEAR EAST (2350-500 B.C.) 

Since the close of the third millenium the climate of 
the Near East and North Africa has fluctuated about 
a mean closely resembling that of the present. There 
have of course been moist and dry fluctuations of 
shorter duration and moderate intensity, and small 
variations of mean temperature. But generally 
speaking the climatic variation of the last 4,000 years 
has not been of sufficient duraticn or magnitude to 
leave much geomorphological evidence except in very 
climatically sensitive areas such as the foreland of 
glaciers or in the domain of blowing sand. As a result 
i:: becomes increasingly necessary to resort to archaeo- 
Iogical evidence and literary sources. 
Perhaps the best evidence that the Subpluvial had 

ended in the second half of the third millenium comes 
from Egypt. Already the transition from the Amratian 
to the Gerzean period (c. 3600 B.C.) was characterized 
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by a decimation o€ the elephants and giraffes re- 
presented on the rock drawings throughout tlic 
country. Between the First and Fourth Dyna6Lics 
(c. 2800-2600 B.C.) the exotic savanna fauna disap- 
peared permanenLly : elephant, rhinoceros and giraffe 
are locally unknown in Old Kingdom times, and the 
same is true of the woodland species of the gerenuk 
gazelle. At Badari the last acacias had apparently 
died off or been chopped down before the Fourth 
Dynasty, and since the Fifth/Sixth Dynasty trees 
were never depicted in desert scenes [30]. A new 
note of importance is the changing background of 
the hunt: before 2350 B.C. hunts were carried out 
on the open steppe or desert. Since the beginning of 
the Sixth Dynasty however all hunts took place in 
enclosures, in which Lhe game was obviously collected 
and kept for the amusement of the Icing and his 
courtiers. From a study of the faunal change in 
Egypt during Predynastic and historical times the 
writer [30] has come to the conclusion that the animals 
depicted on reliefs of the Sixth Dynasty and later 
were almost entirely derived from the wadis of the 
Eastern Desert or from the littoral steppe west of 
the delta. There is little question of the appreciabIe 
numbers of free-roaming antelopes, gazelles and deer 
among the brush of the alluvium or on the margins 
of the desert since that time. Gazelles are of increasing 
relative importance since the Fourth Dynasty and 
fallow deer was locally extinct in Egypt by 2000 B.C. 
The following table, based on a total of 990 mammal 
representations, omitting hippopotamuses and smaller 
felines, rodents, etc., illustrates the approximate 
faunal evolution in Egypt between 3500 and 
1100 B.C. [30]. 

TABLE 4,. Relative composition of animal representation 
(percentage) 

Gerzean to 15 29 9 (-) 12 13 6 5 11 
First Dyn. 

Old Kingdom - 3 2  9 1 9 2 8  8 2 7  4 

RTcw ICingdom - 8 1 -  8 12 18 26 21 
Middle Kingdom - 4 2 - 12 16 11 22 6 

- 
The local extinction of the savanna fauna in the 

Sahara and the survival of increasingly modest species, 
which required little or no permanent water, are not 
only found in Egypt [24,]. It seems that gradual 
desiccation forced the once manifold and numerous 
mammalian fauna. to abandon the Saharan wadis and 
highlands, even though the local extinction of some 
species may have been delayed a little here and there 
due to the persistence of some hardy vegetation or a 
few waterholes. 

Geological evidence from Egypt confirins the 
iiicrcasing aridity, iri tcnzificd aeolian activity ancl 
Llie remarkably lower flood levels of the Nile [29, 301 : 
in the westcrn Middle Egypt a chain o€ dunes €rom 
the Western Desert invaded the valley covering 
the alluvium with several metres of sand for a stretch 
of 175 km. These fossil dunes are now covered by 
a few metres of mud, and can be found exposed 
many kilometres east of the present desert edge. 
Also partly responsible was a reduction of the mud 
sedimentation associated with lower floods of the 
Nile. It is of interest that there are six authentic 
references to droughts due to low Nile floods, daLed 
between 2100 and 1950 R.C., while, according to 
the ancient records, the flood level had already 
decreased steadily during Old Kingdom times, 
implying a declining rainfall south of the Sahara. 
From south-wes t Asia there is also a certain amount 

of evidence from various sources. Numerous Bronze 
Age tepehs on the Iranian coast of the Caspian Sea 
were occupied at a time when the perhumid Hyrca- 
nian forest was replaced in the lowlands by steppe 
and loess deposition. Similarly the Dead Sea probably 
stood some 8 m. lower in Bronze Age times (c. 2500- 
1200 B.C.) [26]. As a literary source the biblical 
references to severe droughts and catastrophic 
famines probably have a bearing on rainfall condi- 
tions in ancient Palestine. Of twelve specific references 
to such droughts only two belong to the period 
after 850 B.C. 
AII in all, the early historical desiccation shortly 

before 2000 B.C. was quite severe, particularly as 
conditions were temporarily even more arid than 
they are today. Possibly the nomadic disturbances 
at the time were associated with rapidly deteriorating 
ecological conditions : (a) the Accadian immigration 
to Sumer before 2600 a.c. (extinction of exotic fauna 
in Egypt at this time); (b) the Temehu emigration 
out of the Libyan Desert after 2350 B.C.; (c) the 
Amorite settlement in Mesopotamia (at its height 
in 2050-2000 B.C.); and (d) the Aramaean migrations 
between 1200 B.C. and 1000 B.C. 
In the course of the last millenium B.C. climatic 

conditions began to improve again. Although there 
is no evidence of precipitation in the Sahara itsel€, 
Ethiopia must have enjoyed a maximum rainfall 
about 2,000 years ago in order to account for the 
greater Nile volume and load. In western Middle 
Egypt the very intensive Nile sedimentation led to 
the overriding of the valley dunes after about 500 B.C. 
and Nile flood levels seem to have been increasing 
already between 870 ancl 625 B.C.-there are 
13 records of exceptionally high floods. In the 
fifth century B.C. and first century A.D. the mean 
height of ‘strong floods’ was 9.541 m., 1 m. higher 
than it. has been since. This seems to explain why 
2 m. of mud were deposited between 500 B.C. and 
A.D. 300-implying a rate of deposition twice as 
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great as during the past century [29, 301. The entire 
clune fields, once covering great parts of the valley 
between the Fayum and Asyut, were dïowned in this 
surge of alluvial malerial. As a result agriculture 
prospered as it had not done before, and innumerable 
towns were built along the margins of Lhe desert 
gravels (e.g., Tanis). The Eahr Jusef, which n o w  
flows from the Nile at Dairut, probably began eilher 
at Asyut or Sohag and flowed right along the edge 
of the Western Desert. 
Geological indications from north-eas tern Iraq [89] 

may indicate greater rainfall at the same period. 
But of a moister climate in Roman or Byzantine 
times there can be little question. 

PREHISTORIC CLIMATES IN THE AMERICAN 
DRY LANDS (8000-1000 B.C.) 

The study of postglacial climates in South America 
has hardly begun as yet, but in North America some 
recent investigations are beginning to throw consi- 
derable light on the ecological environmenl of the 
last millenia B.C. While in eastern North America 
pollen profiles point to a similar climatic succession 
as elsewhere, namely a warm-moist oak-hemlock 
phase (= Atlantic) followed by warm-dry oak- 
hickory (= Subboreal) and cool-moist oak-chestnut 
(= Subatlantic) periods [38], the situation in the 
GreaL Basin seems a little different. Here a contem- 
porary maximum of warmth and aridity has been 
postulated for the whole thermal maximum. Unfor- 
tunately most field workers for a long time were 
Pleistocene geologists but little inleresled in details 
of the Holocene. In view of the extensive evidence 
suggesting climates more arid than today, the post- 
glacial clima tic succession has been widely simplified 
into the following scheme (see also Antevs [3]): 

7000-5000 B.C. Climate at first as today, then becoming 

5000-2500 B.C. W a r m  and arid; disappearance of 

2500 B.C. to present. Cooler and moister with rebirth 

The reason for assuming a single warm-arid phase 
for the thermal maximum is probably twofold: 
(a) assuming a unifcrm precipitation since the close 
of the Pleistocene, greater warmth would imply 
greater evaporation and therefore aridity; (b) on the 
basis that pluvials and glacials coincide, interpluvial 
and interglacial maxima should coincide, so that 
greatest warmth should imply minimum humidity. 
For an outline of the evidence on dried-out lakes 
and disappeared glaciers see [3, 531. W e  do not dis- 
agree with the evidence, only with its oversimplified 
interpretation. A good start has been made in the 
Lake Lahontan area, Nevada, on a more intensive 

drier and warmer (Anathermal). 

lakes and glaciers (Altithermal). 

of lakes and glaciers (Medithermal). 

geological study of the Holocene [GG]. The profile 
under the present salt flats shows that lacustrine 
deposits of the deep Pleistocene lake, dried out before 
8000 B.C., lie at the base (see [$GI). These are overlain 
by aeolian and alluvial deposits, a widespread erosional 
surface and a moderately developed soil ‘representing 
a long interval of complete desiccation’. Then there 
are sediments of five successive shallow lakes, alter- 
nating with subaerial deposits of five desiccation 
intervals, up to the present day. It is equally possible 
that the first of these shallow lakes, whose deposits 
are just as thick as the underlying subaerial sediments, 
represents a subpluvial phase. Similarly Arnold’s 
work [lo], in the Chapala Basin of Baja California, 
confirms the existence of quite a number of Holocene 
lakes, the deepest and oldest (15 m.) immediately 
following a food-producing (‘ scraper-plane-projec- 
tile ’) culture. Whether this Neolithic culture was 
roughly contemporary with the Saharan Neolithic 
is rather questionable however. At any rate a compli- 
cated succession of moist and dry phases seems 
commonplace in the south-west. Of great promise 
are the recent stuciies of pollen, sediments and diatoms 
in Lake Texcoco in the Valley of Mexico and in Lake 
Patzcuaro, Michoachan [54,, 771. Although the abso- 
lute dating is still somewhat problematical the general 
pollen-climate-culture sequence is as follows : 
High oak moist Nahua, including Aztec 
High pine dry Late Archaic-Early Teo- 

High oak moist Early and Middle Archaic 
tihuacan 

- High pine dry 
Summing up then it is not yet possible to give a precise, 
dated, postglacial climatic succession for the arid 
zone of North America, although a great many 
observations speak for an alternation of numerous 
moist and dry spells of varying duration. 

CLIMATE AND CLIMATIC VARIATION 
OF THE LAST 2,000 YEARS 

The reversal from an arid climate in Subboreal time 
to more or less contemporary conditions of moisture 
and temperature took place about midway in the 
last millenium B.C. Since that time there have only 
been short-term variations, never exceeding the 
order of a few hundred years. This and the final 
section of this chapter on the modification of climate 
in arid lands is devoted to the question of climatic 
change in historical times and Lhe short-term varia- 
tions, of generally limited character, within the last 
phase of the postglacial climatic succession, corres- 
ponding to the Subatlantic. Although there is a great 
deal of historical, archaelogical and even geological 
evidence for the focus areas of Near Eastern civiliza- 
tion, the question becomes obscure when w e  turn 
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to the western Sahara, South Africa, Central Asia wards. Neilher is Lhe occurrence of such phenomena 
or Australia. It is no longer obvious that Lhe general unknown today nor do Ihey imply a northward shift 
Lrend of precipitation was at all similar from conLineni. of tlie monsoonal rains. The writer fully agrecs with 
to continent when w e  come LO the examination of Brooks ihat the record of Ptolemy is a compilation of 
first- and second-order climatic fluctuations (measured meteorological curiosa, abnormal weather features 
in terms of x 101 and x 102 years respectively). This of note. 
will be illustrated from the data available from geolo- 
gical as well as Lree-ring analysis in Lhe American 
South-west. 

T H E  CIIARACTER OF N E A R  EASTERN 
CLIMATE D U R I N G  TIIE CLASSICAL A G E  

After the period of strong Nile sedimentation had 
ended-probably in the second century A.D. if w e  
take as a guide the historical commentaries of Plutarch 
and Aelius Aristeides on flood levels-aeolian activity 
was resumed in the Libyan Desert at the lates1 by the 
beginning of the Byzantine period (after about 300). 
In Middle Egypt dunes still intercalated with lenses 
of Nile mud contain later Roman period pottery r29, 
301. That the Roman and Byzantine period was not 
moister than today in Egypt can be seen from a lack 
of local deposits indicating precipitation. The present 
writer also examined countless Roman sites, without 
finding a single piece of microstratigraphical evidence 
to support this. The same conclusion can probably 
be applied to the Sahara as a whole. Interesting in 
this connexion is however the so-called weather 
record of Ptolemy, dating from somewhere between 
A.D. 127 and 151. Brooks and Sawyer [17], who studied 
this record, believe that the two entries of rain in 
July and four entries of thunder for June to August 
indicate occasional, rare depressions interrupting 
the normally steady, fine summer weather of the 
eastern Mediterranean. Notable also are some records 
of south winds and weather changes during July 
and August. Dubief [42] has interpreted this as a 
possible northward and eastward intensification of 
the Saharo-Sudanese depressions of southerly origin. 
Possibly Brooks and Dubief were unaware that 
northward intensification of the ‘ Sudan monsoon low’ 
leads to summer or early autumn thundershowers or 
fog in the Red Sea Hills as well as the Suez-Cairo- 
Delta area even today. Such depressions even bring 
rainfall to Palestine. Catastrophic rain-showers have 
been known to occur in August both in the Cairo and 
Red Sea Hills area even during recent decades. As far 
as can be ascertained this loosening of a surface ” 
minimum from the tongue of low pressure extending 
northwards up the Red Sea is dynamically induced 
by upper air troughs situated over the Balkans or 
Asia Minor, i.e., by circula.tion features of the middle 
latitude westerlies. For example, between 29 March 
and I April 1953 such a norlhward oscillalion passed 
up over the Delta to regenerate as a ‘Cyprus low’ 
as it united with an upper air trough moving south- 

The so-called archaeological evidence of climatic change 

A generation ago it was a common axiom that Lhe 
Graeco-Roman-Byzantine period, characterized by 
agricultural expansion into the marginal lands and 
by great economic prosperiLy, was a Golden Age 
blessed with bountiful rainfall, a copious water supply 
and oases in what is now desert. The abandonment 
and disappearance of the prosperous cities and 
flourishing farm lands of the marginal country in 
North Africa and the Levant in later centuries has 
been widely appraised as a symptom of climatic 
deterioration, part of the process of ‘progressive 
desiccation since pluvial times ’. Such ancient town 
sites inspired the publications of Ellsworth Huntington, 
Leone Caetani and H. C. Butler. but the concept as 
such was already as historical and classical as the 
ruins in question. The Greek and later the Arab 
authors, e.g., Mas’udi wiiting in A.D. 942, were both of 
the opinion that the past had been more blessed with 
rainfall an2 vegetation. It is true thaL Roman bridges 
and piers in ‘dry’ wadis, large deserted cities once 
possessing public baths and naucratia and so forth 
are quite fascinating in the bleak limestone hills of 
the Levant. But this picture is misleading as most of 
such ruins still fall within the 200 mm. isohyet and 
many of them within the 500 mm. isohyet, i.e., even 
outside of the semi-arid zone. The bleakness and 
desolation is mostly due to deforestation and a 
catastrophic soil erosion, particularly after the aban- 
donment of the area. Today the hills are stripped of 
soil or vegetation and the former lakes of the Orontes 
Valley have almost filled up with silt. Ancient Antioch 
is buried by more than 20 m. of silt carried down 
from t’ne once prosperous uplands of Syria. Reconstruc- 
tions of the Roman roads and limes of desert Syria 
indicate that the limes do not extend outside the zone 
of permanent wells. E. Kirsten has kindly pointed 
out to the writer that the appearance of Syrizns 
in great numbers in Western Europe during tlie 
sixth century ‘shows that the villes mortes were aban- 
doaed due to the insecurity resulting from the Byzan- 
tine-Sassanid wars-we need only think of the inter- 
necine struggles of A.D. 572-591 and 603-628. 
An attempt has also been made to show that a 

similar ‘climatic change ’ occurred in South-west 
Arabia. The shift of political power and major settle- 
ments from the Yamanite interior to the highlands 
is, however, only due LO the destructive wars beLween 
Himyar and Hadramaut that led to the gradual 
heduinization of the oases on the desert margins 
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after A.D. 200 [22]. Furthermore the Romans’ horrible 
descriplions of the incense lands are probably tales 
spread by the South Arabian merchants and seamen 
to keep out foreign traders. It is widely held today 
that Hadramaut was never the chief source of incense, 
but that the merchants of this area merely played 
middlemen to Europe with imports from East Africa 
and the Indics. In short the so-called archaeological 
evidence does not support a hypothesis of climatic 
deterioration in the Near East in historical times. 
The abandonment of wide areas of the Levant, 
South-west Arabia and North Africa, generally on the 
interior margins of the settled lands, was a result of 
increasing economic deterioration and political insta- 
bility in the disintegrating Roman Empire, the inva- 
sion of nomadic tribes and the resulting decline of 
urban activity. This was the consequence of a trans- 
formation of the cultural landscape from agriculture 
to pastoralism. The decay of arlificial terracing 
hastened a rapid and decisive soil erosion on the 
already deforested hills. The effect of nomadic inva- 
sions, particularly those in the late sixth century, 
has not been made good even today. Ibn Khaldun 
gives evidence of Lhe devastations of the banu Hila1 
and banu Sulaim in the Mzghrib during the eleventh 
and fifteenth centuries, and his comments elucidate 
the fate of other, once flourishing, provinces. Seden- 
tary agriculture was largely abandoned and most 
cities were reduced to inconsequence, as nomads 
have little appreciation for urban commerce and 
industry [23]. If the soil had not since been swept 
away, most of these areas could eventually be resettled 
today under - similar conditions. There is simply 
no foundation in fact for progressive desiccation in the 
dry zone of the Old World. 

Fluctuations of the groundwater table 

A second rather diEerent problem is that of the 
groundwater table. There does appear to be a good 
deal of evidence from Egypt and the Levant, the 
Sudan and Arabia that the groundwater table has 
fallen in historical times, usually ‘since Roman times’ 
-merely because w e  seldom know precisely what 
happened before that. A general fall of the slatic 
groundwater head during the last five thousand years 
has been proven for the Egyptian deserts. The 
fossil ‘ mound-springs ’ of the Kharga Oasis imply 
a level some 55-60 m. higher than today [68], and 
many springs and wells of Uweinat, the Gilf Kebir 
and the oases Sheb and Tarfawi have dried out since 
the Dynastic period. The fall of the groundwater 
table at Bir Misaha amounted to 22 m., at Bir el 
Atrun and Merga to 10 m.; and for Farafra to 5 m. 
since Roman times [67]. In the Eastern Desert the 
groundwater head is 7.5 m. lower than it was in 
Dynastic times in Wadi el Allaqi, and Roman wells 
in Wadi Qena are now dry (see [23]). The ground- 

water level on the Mediterranean coast has not varied 
appreciably. 
In the Levant area report6 are more coníiicting. 

Roman wells in the lower Jordan Valley were cleaned 
out recently but remained dry. AL ICasr el Azrak 
similar conditions indicate a fall of 2 m. At Palmyra 
the springs supplying the ancient Roman foggara 
have fallen off so strongly that water must now be 
pumped up from the aquifer through two bore holes. 
On t‘ne other hand Byzantine foggaras are in good 
use again at Ma’an, and cisterns and wells cleared, 
in the Beersheba-Gaza areas have proved quite usable. 
A great number of foggaras, wells and cislerns were 
also renovated in the area between Homs, Aleppo 
and Kdeim in 1937, ancl there is no question of a 
falling water table here. But at Dharan in Saudi 
Arabia a fall of 1 m. is verified while the Sabaean 
irrigation channels lie 3 4  m. above the groundwater 
head in the interior of Yaman.1 
From a good number of other areas it is known 

that excessive pumping in recent years has strongly 
depleted groundwater reserves. Several foggaras 
around Seleniiya and Aleppo are now dry, the water 
table has fallen 5 m. in the Bahariya Oasis since 
1900, and in Wadi Hanifa, Arabia, by as much as 
20 m. Such features are localized however and must 
be generally attributed to unfavourable hydrogeolo- 
gical conditions. Whether the recent climatic ñuctu- 
ation may be related in part is rather doubtful. 
For some years past many geologists have accepted 

the opinion that the groundwater reservoir of the 
Libyan and Arabian deserts is ‘fossil’, i.e., a relict 
from the pluvials. Particularly io the Libyan Desert 
there is no rainfall worth noting today, so that the 
waterF must either originate from distant intake beds 
or be a stay-over from the recent geological past. 
The scheme first devised by Ball (see [68]), whereby 
Lhe water source of the artesian basin is localized 
in Erdi and Ennedi by means of static groundwater 
head contoms, has two flaws. Fi;.sL, it must be asked 
whether the deeper layers of the water-bearing Nubian 
sandstone, dipping northwards from the edge of the 
metamorphic basement in the Sudan, are not inter- 
rupted by intrusions of igneous rock. Then again it 
is most unlikely that Erdi with an annnal precipita- 
tion today of 20 mm. or Ennedi with 100 mm. can be 
expected to supply such an immense artesian basin 
with water [23]. An optimistic estimate would allow, 
at the very most, 20 per cent of this scanty precipita- 
tion to percolate to the groundwater in view of an 
annual evaporation deficit of 2-3 m. Several authors 
have estimated that groundwater would require 
30,000 to 100,000 years to pass from Ennedi to the 
Qattara depression, depending upon the fissuring of the 
sandstone aquifer [68]. Bearing in mind that the last 
major pluvial dates from perhaps 80,000 to 20,000 

1. Tlie writer is grently indebted to Mescrö. 1). B. Burilori, L. Dulicriret, 
Ali Shnfei nnd C. Voûte for kindly supplying the above dntn. 
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FIG. 4.. Changes in groundwater level during historical times. Numbers refer to variations of static head in metres. 
Dashed line represents modern 100 mm. isohyet. (Modified after Butzer [23, figure 11.) 

years before the present, one would rather incline 
to accept the hypothesis that the desert groundwater 
reservoir is of pluvial origin. 
This also seems to give a clue to the contradictory 

evidence on groundwater trends since the Neolithic : 
in areas receiving rainfall today groundwater is being 
continually recharged, whereas in absolutely arid 
sections fossil groundwater is gradually being depleted 
and used up by artificial or natural losses. Here there 
has been no rain to recharge the water used by m a n  
since perhaps the Subpluvial of 5000-24400 B.C. In order 
to test this hypothesis w e  have plotted the known 
groundwater trends against the 100 mm. precipitation 
conlour (Fig. 4,). This is not intended to be more than 
a very rough approximalion of the zone without 
natural recharge today. It is all the more surprising 
that this line, grossly ignoring the hydrogeological 
details, nevertheless comes so close to separating 
those areas with groundwater falls from those with 
unchanged groundwater levels. This seems to veriiy 
that the negative groundwater trends are limited to 
rainless areas, where fossil reserves are gradually 

being depleted. This feature is not in the least associated 
with 'progressive desiccation'. 

For the climatic history of short-term fluctuations 
of precipitation and temperature from the beginning 
of the Christian era to about 1850, the reader is 
referred to [ZZ, 23, 261. Such fluctuations are in the 
main limited to the usual repetition of dry or moist, 
cool or warm years re-occurring from time to time 
since time immemorial. Major features are moist 
spells A.D. 380-4,50, 530-590, particularly c. 700-1000, 

-10,000 - 6000 -2000 o 4.2000 

FIG. 5. Main trends of precipitation (hypothetical) in 
Near East since about 12000 B.C. 
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during the late thirtcenth, early fifteenth, the first 
I d ï  of Lhc sevenLeenth and the beginning of the 
nineteenth centuries; dry spells can on the other 
haid be 1med for the years A.D. 450-530, 590-640, 
the twelfth cenlury and since 1900. A diagrammatic 
aLteinpt to show the main trend of precipitation in 
the Near East during the course of the last 14,000 years 
is given in Fig. 5. 

Although little or nothing is known from Central Asia 
during this period, apart of course from the Caspian 
Sea area, Schovc [75] has compiled a rallier impres- 
sive climatic history for China from the second century 
onwards. Salient points are the increased rainfall 
in the first century B.C., Lhird, fifth, eleventh-twelfth 
and fourteenth-fifteenth centuries A.D. and the pro- 
nounced aridity in the first-second, fourth, sixth, 
tenth and cighteentli-nineleenlh cenlurics A.D. 

CLIMATIC VARIATION IN NORTH AMERICA 
P R O M  1000 B.C. TO A.D. 1850 

The climatic fluctualions of the las1 pliase of the 
postglacial climatic succession (Subatlantic, Medi- 
thermal) have long been dominated by the tree-ring 
curves of E. Hunlington and A. E. Douglass. Based 
upon the growth-rings of the giant sequoia on the 
western flank of the Sierra Nevada, it was once 
thought that the chronology of droughts and wet 
years could so be accurately dated into the last 
millenium B.C. In dry areas trees are admittedly 
most sensitive to moisture fluctuations because 
drought can actually prevent cambial growth. How- 
eveï Antevs [2] and Schulman [76] have since shown 
that the sequoia growth-rings are a poor rainfall 
indicator, recording mainly the leilgth of the growing 
season. As a result the applicable tree-ring chronology, 
generally derived from specimens growing at the 
lower dry limit of foresL, has been somewhat 
shortened. Antevs [Z] has carried out a detailed 
study of rainfall and tree growth in the Great 
Basin, coming to the following conclusions. Tree 
growth on the dry limit of the forest corresponded 
to the water supply available during the growing 
season in about 75 per cent of the years; groups of 
especially wide or narrow rings corresponded in a 
general way to pronounced and extended maxima 
and minima o€ rainfall in 90 per cent of the cases 
observed. However, individual tree-rings matched 
precipilatioii in only about 50 per cent of the years. 
Dendrochronology therefore provides a valuable but 
not infallible guide, which must be treated with care 
and preferably supplemented by other types of evi- 
dence. It is therefore necessary to employ geological 
material as well. 
R moisture maximum for the last 3,000 years has 

been localized in the later part of the last niillenium 
B.C. It is associated with large and perennially fresh 

lakes in the Carson Sink ancl at Humboldt Lake. 
This has been indicated by Antevs [3] on the basis 
of bones of lacustrine fish, n o w  confined to Pyramid 
Lake, in Humboldt Cave, Nevada. Whether or not 
this moist spell was contemporary with a re-advance 
of the Rocky Mountain glaciers, tenlalively dated at 
2,800 years ago by radiocarbon, remains open. Before 
the moist interlude howcver Lherc was a severe dry 
period shortly before 500 E.G., as is indicated by a 
cessation of aggradation together with erosion of 
dry-climate gullies at Fairbank, Arizona. The nexL 
dry spell of importance, the ‘ Whitewater Drought ’, 
occurred either from A.D. 162 to 181 or possibly 
from A.D. 320 to 329. It is witnessed by arroyo cutting 
and narrow tree-rings in north-eas tern Arizona [SI. The 
third notable dry snap, the ‘Great Drought’, occurred 
from 1276 to 1299 according to the tree-ring studies 
and evidence of arroyo erosion in most parts of the 
south-west [2, 761. Since this period there is a reliable 
tree-ring chronology indicating strong fluctuations 
of the lower dry limit of tree growth. 
Notable have been the serious drought occurring 

in 1573-1593 in the Colorado Basin, in 1571-1597 in 
southern California, in 1565-1580 and 1594-1599 in 
eastern Oregon. IL may be noted that the drought 
corresponded quite well in all three regions. Glacier 
re-advances occurred somewhere between the sixteenth 
and nineteenth centuries, but closer dating has not 
yet been made. There were humid spells about 1526 
and 1537-1540 while the period 1670-1717 was gene- 
rally quite moist, and again in the years 1800-1828. 
Stronger droughts are further recorded from 1776 
to 1789, 1794 to 1798 and 1840 to 1849. After 1850 
there are innumerable records and observational 
accounts of lake levels and precipitation, which will 
be further discussed below. 

THE RECENT CLIMATIC FLUCTUATION 
IN ARID REGIONS 

In the course of the nineteenth century our technical 
civilization penetrated into the dry lands of the 
western Sahara, Lhe Great Basin and Great Plains, 
the Kalahari and Veld of South Africa and the wide 
expanse of interior Australia. As a resuh il is possible 
for the first time to close the gap in our knowledge 
of post-Early Holocene climatic variations in most 
o€ these areas, while iii others many additional details 
of great value become accessible. Not only were lake 
levels and river run-off observed and noted, but the 
practice of direct meteorological observations was 
extended to the greater part of the semi-arid zone 
of the world. Meteorological observations of unin- 
terrupted, homogeneous and reliable character have 
been carried out in various countries of Europe and 
in the United States since the first half of the 
eighteenth century. In the semi-arid zone such obser- 
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vations commenced a little later, but their inauguration 
midway in the nineteenth century is of at least as 
great interest. Since the 19413s very detailed and refined 
measurements of upper air data are tending to accu- 
mulate a monumental mass of material, which is to 
a great extenL still not. generally accessible and of 
which scientific analyses and evaluations have barely 
begun. 

The interesting feature of climaLic observations 
during the last century is the 'recent climatic fluctua- 
tion', well known in higher latitudes, where it has 
been characterized by a general warm-up of meteoro- 
logical significance and ecological importance. In 
lower latitudes there has been a corresponding 
although somewhat less appreciated fluctuation-not 
so much to higher temperatures but raLher to reduced 
precipitation. To es timate their significance one need 
only recall the Dust Bowl years, the advance of the 
Sahara at the expense of the Sudanese savanna or 
the appalling catalogue of famines due to drought. 
The precipitation anomalies o€ the last hundred 
years are of equally striking nature as the recent 
temperature changes, and their world-wide character 
-within the range of observation-lends them an 
intrinsic value for the reconstruction of past anomalies 

al atmospheric circulation. 

RECENT TRENDS OF PRECIPITATION A N D  
T E M P E R A T U R E  IN N O R T H  AFRICA 
A N D  W E S T E R N  ASIA 

A general re-advance of the montane glaciers occurred 
not only in the Alps about 1850, but also in the 
Causasus, the Near East and, in the form of snowfall, 
also in the Ezhiopian highlands. This date also marks 
the beginnings of meteorological obervations in the 

the Mediterranean area. The material 
for the analysis of the recent climatic 

trend has been generally derived from the reliable 
series of the World Weather Records [88], with data 
later than 1940 supplied through the courtesy of 
the British Meteorological Office, the Institut de 
Metéorologie et Physique du Globe, Algers, and 
annual reports of the various stations and agencics 
in question. 
To begin with, Fig. 6 gives 5-year precipitation 

means for a series of stations going west to east from 
Gibraltar to Baluchistan. It is immedinLely apparent 
that variability is fairly random from place to place 
while no general trend is noticeable. Closer inspection, 
however, shows that a series of wet years will affect 
at least two or more neighbouring stations, gradually 
tapering out laterally; the same applies for particu- 
larly dry years. For example, the years 1856-1865 
were moist at all observing stations and the dry years 
1931-1935 were distinctly noticeable at Alexandria, 
Beirut, Jerusalem and Bushire. Proceeding further, 

7- - 250mm. 

FIG. 6. 5-year precipitation means for Mediterranean and 
Near Eastern stations, 1851-1855 to 1951-1955.1. Gibraltar; 
2. Bouzaréah (Algiers); 3. Rome; 4. Alexandria; 5. Beirut; 
6. Jerusalem; 7. Bushire; 8. Quetta. Vertical scale uniÎorm 
relative to approximate medianvalue at right (in millimetres). 

these daia have been grouped inio 15-year means in 
Table 5 [23], and for the first time it is possible to see 
a far-reaching correspondence from one area to another. 
The mean precipitation of 1866-1880 was 15 and 
35 per cent lower than that of 1851-1865 at Jerusalem 
and Gibraltar respectively. About 1878 conditions 
began to reverse and the means of 1881-1895 are 
generally higher. Correspondingly the Dead Sea 
began a long rise which reached some 6 m. by 1910, 
and the Caspian Sea level of 1882 is the maximum 
on record since the beginning of reliable gauge readings 
at Baku in 1877. Nile discharge volumes at Aswan 
have been measured since 1870, reaching a maximum 
in 1879. The mean discharge of 1871-1900 is some 
17 per cent higher than the mean of 1871-194$5. 
Similarly the Senegal carried a comparatively large 
amount of water: flood levels reached 15.5 m. in 
1870, dropping to 9 m. in 1900 and 5 m. in 1920. 
Simultaneously the low waler period was prolonged 
from 2 months in 1870 to 5+ in 1900, and to 7 in 1920 
(see [23]). The maximum humidity achieved before 
1892 marked a climax preceding the all-out climatic 
deterioration associated with the receni fluctuation 
in lower latitudes. The trend to greater aridity began 
first in the western Sahara where the years 1874-1892 
had still been particularly moist at. Téfédest [lilJ. 
But the period 1892-1909 in Ahnet and Lhat of 1893- 
1900 in Téfédest were exceedingly dry. About 1900 
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TABLE 5. 15- and 30-year precipitations means 

Gibraltar Bouzarénh Alexandrin Jerusalem Beirut Bushire Quetta Aden Nile volume at Aswan 

1851-65 

1881-95 
1866-80 

1896-10 
1911-25 
1926-40 
1941-55 

1851-80 

1881-10 
1911-40 
Difference 
(percentage) 

min. mm. mm. 
1081 - - 
683 - 205 
986 - 216 
899 683 230 

798 756 167 
735 739 

a82 - - 
943 - 223 
a42 749 173 

880 742 iao 

-1 1 - -23 

mm. mm. mm. mm. 
- - - 723 

600 
737 a97 353 277 
697 922 229 221 

618 833 259 253 
209 940 - 

- - - 

669 884 264 208 

- - - 662 

717 910 291 249 
644 a63 261 230 

-1 1 -5 -10 -8 

mm. 
- - 
66 
43 

44 
28 

38 

- 
55 
36 

-34 

million m.3 
- 
- 
107.1 
90.4 
81.3 
83.8 

- 
98.7 
82.5 

-16 

this trend became general in the whole Mediterranean tage deviations of the mean 1911-1940 from the mean 
basin and throughout the tropics. 1881-1910 [Zl]. The map is based on some 70 stations 
Changes between 30-year observational means with homogeneous records-the obvious gap for the 

were defined as ‘climatic fluctuations’ at the Inter- Sahara proper being extrapolated. It is immediately 
national Meteorological Conference, Warsaw, in 1935. obvious that this climatic fluctuation has been uni- 
In Fig. 7 the precipitation anomalies associated with form south of a *O isoline running from southern 
the recent fluctuation have been expressed in percen- France to northwestern India across the Alps, 

FIG. 7. Precipitation anomalies 1881-1910 to 1911-19á0 expressed in percentage deviations from the mean 1881-1910. 
Annual. (Modified after Butzer [21, figure 31.) 
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Balkans, Pontic Mountains and Caucasus. North of 
this line rainfall has generally increased: [(to over 
+20 per cent), south of the line it has decreased 
(to over -30 per cent). North Africa and the whole 
Mediterranean climatic province, particularly its 
easlern half, have become very much drier. The 
greatest decrease occurred on the northern and 
southern margins of the Sahara-Arabian Deserts. 
The latter values are not local trends : they are valid 
for the whole Ethiopian drainage basin of the Nile 
(a discharge decrease of 16 per cent between the 
30-year means before and after 1910-a record of 
indisputable reliability) and the Senegal basin; they 
apply to long-term records of Freetown and Aden 
and are confirmed in the remaining shorter or incom- 
plete records of Bathurst, Accra, Calabar and Khar- 
toum. In this connexion the cumulative graph of 
Kraus [60] for the Nile discharge is very illuminating. 
Only in the monsoon area of India has the precipitation 
anomaly not been uniform. In southern India the 
autumn and winter rains have increased, while no 
very significant increases occurred on the west coast 
and on the Deccan. On the other hand the spring and 
summer rains of Madras [59] and to a lesser extent the 
summer monsoon in the Ganges Valley have decreased 
a little. 
Ecologically the record shows 2 m. and 3 m. 

drops in the level of the Caspian and the Dead Sea 
respectively since 1910. Lake Jairud in Syria contained 
several species of freshwater fish during the last 
century; today there is only a salt pan there that 
dries out completely in summer. Pasture conditions 
have deteriorated catastrophically since the 1870s 
in Tibesti, and since about 1920 the Tibbu of Erdi 
no longer visit their traditional summer grazing 
grounds in Uweinat and the Gilf Kebir. Droughts of 
economic importance plagued the Levantine area 
in the 1920s and the entire Near East in the 1930s. 
Lake Aksehir in Central Anatolia dried out entirely 
in 1933. Similar conditions can be noted for the 
peripheries of the Sahara. The advance of the desert, 
especially between the Niger and Lake Chad, cannot 
be wholly explained by anthropogenic causes, e.g., 
deforestation. The climatic fluctuation will certainly 
be involved as well. For example, a decrease in Nile 
volume by 25.3 million cubic metres annually (between 
the means of 1871-1900 and of 1901-1945) is no 
negligible factor for man and vegetation, and without 
the tempering effect of dams and barrages, agricul- 
ture in the Nile Valley would have suffered badly. 
In other words the recent trend to greater aridity 
is real and ecologically important. 
Temperature changes have been more or less in 

phase with those of higher latitudes, at least as far 
as the poleward margins of the trade-wind deserts 
are concerned. South of the Sahara, and in the equa- 
torial zone generally speaking, there have been tenden- 
cies to lower temperatures, at leas t locally. Five-year 
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FIG. 8. 5-year temperature means for Mediterranean and 
Near Eastern stations 1851-1855 to 1951-1955. 1. Gibraltar; 
2. Bouzaréah (Algers); 3. Rome; 4. Alexandria; 5. Beirut; 
6. Bushire; 7. Krasnovodsk; 8. Quetta. Vertical scale uni- 
form relative to approximate median values at right (in 0 C.). 

temperature means in Fig. 8 again give a cross- 
section from west to east in the Mediterranean- 
Near East area, while Table 6 [23] summarizes the 
significant 15- and 30-year anomalies of the same 
zone. Generally speaking January temperatures have 
increased a little throughout this area although a few 
Asiatic highland stations, such as Quetta (-0.16' C.), 
show a negative trend. Even the central Asiatic 
stations show a warm-up (Krasnovodsk +1.46' C.), 
despite the abnormal westward shift of the Siberian 
anticyclone in the 1920s and 1930s. Only the mean 
1931-1935 is a trifle too cold here (Fig. 8). Within 
the winter rainfall belt summer temperalures have 
likewise tended to increase. An exception is Bushire 
(July -0.16" C.) and, of greater importance, the 
Iberian Peninsula. The latter condition is due to the 
intensification of the Azores high whereby cool air- 
masses are transported north-south on its eastern 
flank. Nevertheless both winter and summer tempe- 
ratures in North Africa and the Near East have, 
broadly speaking, increased a little, in the order of 
0.5" C. on the annual mean. The warm-up bcgan 
earlier than the rainfall decrease, nzmely after 1850. 
Since 1940, the trend established since the turn of 

the century has persisted, although, according to 
available data, in a less pronounced form. Figure 8 
shows a continued upward trend of annual temperature 
at most stations, with Llie exception of Alexandria, 
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TABLE 6. 15- and 30-year temperature means in OC. 

Quetta Krasnovodsk Bouaarenh Alexandria Beirut Rushire 

ycnr Jan. year Jnn. ycnr Jan. July year July year Jan. year 

1881-95 - 14..08 20.29 13.87 21.25 14.72 32.12 24.15 25.87 l4g.85 0.61 15.35 
1896-10 15.95 13.437 20,09 13.21 20.96 14*.04* 32.03 23.95 26.05 14.98 2.47 15.99 
1911-25 16.01 14.21 20.53 13.83 21.01 14r.16 32.03 23.90 26.65 14.95 4.06 15.85 
1926-40 16.30 14.72 20.99 14.08 21.67 14.04, 31.80 24.20 26.61 14.81 1.93 15.61 
1941-55 20.32 13.91 21.50 - - - 15.43 

1881-10 16.011 13.78 20.19 13.54 21.11 14.38 32.08 24.05 25.96 14.92 1.54 15.67 
1911-4'0 16.58 14.46 20.71 13.96 21.34 14.38 32.92 24.05 26.63 14.88 3.00 15.73 
Diff. OC. +0.57 +0.68 +0.52 +0.42 +0.23 0.00 -0.16 0.00 +0.33 -0.04' $1.4.6 +0.06 
1. Means 1894-1923 and 1922-1951. 

where the temperature values may be faulty owing 
to a shift of stations and the computing methods 
for daily means. The stations in Table 5 and Fig. 6 
show further decreases in precipitation, with exception 
of Beirut (+9 per cent)-where January temperatures 
have significantly fallen. The mean 1941-1955 was 
13 per cent lower than that of 1911-194,O at Gibraltar, 
2 per cent at Bouzaréah, and 9 per cent at Quetta. 
On the southward margins there was a 5 per cent 
increase at Aden, 15 per cent decrease at Khartoum, 
1 per cent decrease at Freetown while Lhe Nile discharge 
has fallen further. So far as w e  can tell at the moment, 
the recent climatic fluctuation is still continuing and 
so is the newly established trend to greater aridity in 
North Africa and Western Asia. 

RECENT CLIMATIC FLUCTUATION IN T H E  
S O U T H E R N  HEMISPHERE A N D  C E N T R A L ASIA 

In South Africa, Vorster [82] has carried out a modern 
analysis of long-term records of precipitation at 
17 stations for the period 1881-1950. Of these, 13 show 
a lower average for the period 1916-1950 compared 
with 1881-1915. Many of the decreases amount to 
10-15 per cent, while the over-all mean decrease 
according to the semi-total method is 6 per cent. 
Further, according to the melhod of least squares, 
11 of 17 stations show a downward trend. The 
10-year overlapping means show a downward tendency 
from 1880 to 1930 with a slighL increase thereafter. 
This applies to the Mediterranean-type climale zone 
of Cape Province, as longer records are not available 
from the Transvaal, etc. In equatorial Africa the 
trend has been identical, judging by lake levels in 
Central and East Africa. Giant Lake Victoria exhibited 
a net loss of 97 cm. in its hydrological budget from 
1896-1920 to 1921-1943. Similarly Lakes Nakuru 
and Naivasha have fallen steadily during the present 
century [69] (see also [$O]). 

In the semi-arid and arid zone of Australia Kraus [58] 
has given detailed evidence of a sharp reduction of 
precipitation at interior stations since shortly before 
1900-this was exactly the case in the Upper Nile 
basin. (For further details on the over-all and striking 
decrease in tropical rainfall see [58, 59, 601.) A few 
figures for Australia are: Alice Springs, decrease 
of 22 per cent from 18748-1920 to 1921-1940; Darwin, 
decrease of 10 per cent from 1870-1920 to 1921-1940. 
According to Kraus [58], almost all stations on the 
eastern coast showed steady declines in the amount 
of rainfall since about 1897. 
Lastly a glance at precipitation figures and lake 

levels in South America conveys the same picture of 
declining rainfall on both equatorial and poleward 
margins of the subtropical desert belt. Lake Titicaca 
displays a net loss of 91 cm. in hydrological budget 
between the periods 1915-1929 and 1930-1943. 
Further south Santiago de Chile shows no change 
between the means of 1867-1920 and 1921-1940. 
However, Mendoza and San Juan in Argentina show 
drops of 3 per cent between the means of 1891-1920 
and 1897-1920 respectively compared to 1921-1940. 
Tucuman shows a decrease of as much as 10 per cent 
from the period 1885-1920 to 1921-1940. 
A s  has been indicated (Fig. 7), the recent climatic 

fluctuation in Central Asia was associated with in- 
creased precipitation at almost all stations. It is there- 
fore curious that lake levels (e.g., Caspian Sea) and 
river run-offs (e.g., the Volga, Emba, Amu Darya) 
should have fallen and declined. The matter was 
investigated by the writer in a recent article [25]. 
The 2 m. drop of Lhe Caspian Sea between 1881 and 
19480 was primarily associated with rising summer 
temperatures over the Volga drainage basin (75 per 
cent of Caspian waters are contributed by the Volga) 
and to a lesser extent over the surface of the great 
inland sea itself. Temperature trends 1881-1940 
yielded a correlation coefficient of 0.60 f0.12 with 
Caspian fluctualions, while precipitaiion only showed 
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a correlation of 0.411 f 0.14, July temperatures over 
European Russia were 1.3' C. above the 1931-19430 
normal while precipitation was some 8.5 per cent 
too low. The combined effect was a drop in lake level 
by 168 cm. This phenomenon was ultimately due to 
increased continentality in Russia. An axiom to be 
remembered is that the greater the evaporating surface 
the greater the effect of rising lemperatures, so much 
so that the latter can at times simulate a decline in 
precipitation where no absolute decrease has taken 
place. 
In the semi-arid zone of the Far East the recent 

climatic fluctuation has been little investigated. Most 
interesting however are the numerous studies of 
H. Arakawa from Japan, in which he also devotes a 
little attention to the Yangtze River gauge readings 
of 1865-1937 [6]. Notable are the low levels of 1876- 
1881 and 1895-1904, while the average of 1905-1932 
is slightly below that of 1865-1894. A glance at the 
sparse long-term rainfall data shows that the over- 
all tendency, as in Central Asia, has been variable buL 
tending to positive. The slight decline in river discharge 
must, as in t$e Volga basin, be attributed to higher 
temperatures. 

CLIMATIC VARIABILITY IN T H E  
AMERICAN SOUTH-WEST SINCE 1850 

From no other region of the arid zone are observations 
so complete and detailed as those of the American 
South-west, particularly the Great Basin area. This 
material has been worked over by several authors, 
of which the most complete and accessible study is 
possibly that of Antevs [2], whose presentation has 
been largely adopted here. Rainfall measurements 
have been carried out in California since 1850, in 
Nevada and Utah since 1870, and run-off measure- 
ments have been made on numerous rivers and 
streams since about 1900. This material has been 
compared by Antevs with tree-ring curves and 
lake-level fluctuations. Fluctuations of the Great 
Salt Lake level have been recorded since 1851 while 
isolated observations go back to the period before 
1845. Regular observations of Pyramid and Winne- 
mucca lakes go back to 1869. 
The earliest records about or before 1850 all point 

to extremely low lake levels or remarkably little 
run-off. Judging from the tree-ring curves the severity 
of the drought during the 184'0s musi have been 
comparable with that of 1924-1934,. After 1850 
rainfall increased until 1853-1354, then dropped off 
until 1860. The over-all trend in the 1860s was positive 
and all lake levels rose appreciably, and in 1867 the 
Great Salt. Lake reached a stand higher than it had 
been for perhaps several hundred years. According 
to Antevs, the lake responds to the cumulative effect 
of stream run-off over a number of years on account 
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of its size, so providing a good picture of larger 
fluctuations of climate. However, from the factors 
involved in recent fluctuations of the Caspian [25], 
an even larger body of water with a huge drainage 
basin, it may well be that temperature fluctuations 
-which Antevs never mentions-can even more 
logically be suspected to account for such contradic- 
tory features as falling lake levels and increasing 
precipitation. With very much smaller basins and 
smaller direct evaporating surfaces, smaller lakes such 
as Tahoe, Winnemucca or Utah will follow the preci- 
pitation curve much more faithfully. Therefore only 
when cool and wet come together can one expect a 
high water level of the Great Salt Lake. This matter 
appears to be worth investigating. The long stand 
at about 4,210 ft. (1869-1878), reaching a record 
maximum in 1873, certainly indicates optimum 
moisture condi tions-probably high precipitation 
and lower temperatures-between about 1862 and 
1877. This is corroborated by a glance at the tempe- 
rature record since 1874. In the late 1880s a generally 
negative trend culminated in the drought of 1889, 
prior to a new optimum in the earlier 1890s. Precipi- 
tation maxima were recorded in north-eas tern Califor- 
nia while Lakes Winnemucca, Pyramid and Utah 
achieved high stands. Precipitation remained high 
in the first years of the present century and reached 
its highest point in 1907. 
Since 1907 the general tendency has been towards 

a decrease in precipitation and run-off, and a fall 
in lake levels. This tendency was briefly interrupted 
by the abnormally moist years of 1921-1922 to achieve 
a minimum in the Dust Bowl years of the 1930s. 
In north-eastern California and Nevada rainfall was 
generally below average between 1915 and 1935, 
a trend faithfully followed by the tree-rings. The 
first minimum occurred in the period 1918-1920, 
the second in the period 1924-1934. Although the 
years 1925, 1927 and 1932 were relatively moist the 
remaining period was so droughty that, in combina- 
tion with the cumulative effect of decreasing precipi- 
tation since 1907, a drought of unknown proportions 
during the period of American settlement brought 
on a severe economic crisis. Increasing temperatures 
from about 1910, combined with the low rainfall, 
made the over-all effect more appreciable. For 
example, mean temperatures were on the average 
0.5-1.0' C. higher than the average during 1931-1940. 
In parts of the Great Basin the 10-year mean for the 
period 1921-1930 was lower than the following 
decennium on account of the strong rise in rainfall 
after 1935. For example, west of the Rockies, Arizona 
and south-western New Mexico show positive anom- 
alies of up to 3 per cent for the period 1931-1940. 
However, together with northern Mexico, this area 
belongs to the summer rainfall belt. 
The greatest aridity of the DUSL Bowl years made 

itself felt. on the western Great Plains, particularly 
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in a core arca between southern Saskatchewan and 
Kansas. Temperatures for 1931-194'0 were over 0.75' C. 
too high while precipiLaLion was over 15 per cent 
too low. For example, in North Dakota rainfall was 
14.6 per cent below average, in Montana this figure is 
11.5 per cent, in South Dakota 21.5 per cent, in 
Nebraska 10.2 per cent, in Kansas 13.8 per cent, in 
Wyoming 9.7 per cent and in Colorado 10.7 per cent. 
The parched soil, stripped of its natural vegetation 
by the extension of the cultivated land, was carried 
away by the wind-the dust clouds still obscure the 
vision on Lhe Atlantic coast. The meteorological 
aspects of this agricultural catastrophe are probably 
as notable as the economic ones. 
Since the late 1930s and the 1940s conditions have 

generally improved. The precipitation anomalies of 
1941-1950 were, with the exception of Arizona 
(-11 per cent), everywhere well above normal. 
This was particularly so in the chief drought areas : 
Kansas f13.9 per cent, Utah f13.6 per cent, 
Oklahoma f11.3 per cent. Simultaneously tempera- 
tures somewhat decreased. Rodewald [72] explains 
the rainfall increase in the interior of the continent 
by the cooling off in the west, the warming up along 
the east coast, together with the increasing cold waves 
of westerly or northerly origin and a greater number 
of heat waves of southerly or easterly source. The 
over-all result would be more advective precipitation 
in the zone of overlap. Since about 1950 the trend 
has once more reverted to that of lower latitudes 
elsewhere, namely increased aridity. In 19544 droughty 
conditions on the Great Plains again approached a 
serious level. 
In review, then, the semi-arid south-west and 

Great Plains have broadly speaking shown parallel 
tendencies to the climatic trend on the poleward 
margins of the trade-wind deserts of the Old World. 
The over-all tendency since 1907 has been increasing 
aridity associated with lower precipitation and higher 
temperatures. As in the Near East, maximum aridity 
culminated in 1933-1934 and since the late 1930s 
trends have been somewhat more variable and not 
infrequently positive. 
There is comparatively little information available 

from the tropical flanks of the North American desert 
belt. Southern Arizona enjoys a predominantly summer 
rainfall and in this respect the record of Yuma is of 
interest : rainfall has increased by 14 per cent between 
1870-1920 and 1921-1940. In Mexico itself the situa- 
tion is identical : Leon fi per cent from 1881-1920 to 
1921-1940, Mazatlan +17 per cent from 1880-1920 to 
1921-194cO. Wallén [84] has reduced the earlier record 
of Mexico City giving a corrected record from 1878 
onwards. On the basis of 10-year overlapping means 
the precipitation trend was negative from the period 
1878-1887 to the period 1892-1901 followed by an 
increase until 1925-1934,, interrupted for a short 
period between 1895-1904 and 1908-1917. Rainfall 

has decreased sincc the beginning of llie 30s up to the 
period 194f2-1951. Since then there has been once 
more a slighi. positive tendency. It is to be noted that 
the dominant upward Lrend and the maximum about 
1930 is solely due to the July rainfall, not to that 
of the transitional seasons. Here then is the classical 
exception to the rule, namely a clear increase in 
rainfall on the tropical margins of the trade-wind 
desert belt. Wallén assigns it. LO a strengthening of the 
moist onshore trades. 

METEOROLOGICAL IMPLICATIONS OB RECENT 
FLUCTUATION A N D  PROSPECTS OF F U T U R E  
DEVELOPMENTS 

The anomalies of the general circulation associated 
with the recent climatic fluctuation in lower latitudes 
are of twofold importance. First they provide the 
most valuable actualistic experience for a reconstruc- 
tion of past interpluvial, in particular warm-dry 
climates. Secondly they at least allow some specula- 
tion on the future development of precipitation trends 
in the arid zone. Based upon the writer's analysis 
of the related circulation changes in southern Europe, 
northern Africa and western Asia [al], the salient 
poinis can be outlined as follows. 
First precipitation anomalies on the north and 

south flanks of the Saharo-Arabian deserts are clearly 
in phase, i.e., precipitation increases or decreases 
in the MediLerranean area and Near East follow 
parallel with increases or decreases respectively in 
West Africa, the Sudan and South Arabia (see Fig.?). 
Secondly the general rainfall decrease south of the 

Pyrenees, the Alps, the Balkans and the Caucasus 
has been associated with notable changes of surface 
pressure distribution for the periods from 1881-1900 
to 1901-1920 to 1921-1940 (see also [Zl, figures 1-21). 
January barometric pressure has risen strongly over 
the Mediterranean, especially its eastern half, and 
in the Maghrib. Pressure has also risen in West Africa. 
In July the picture is similar thongh less pronounced 
in the Mediterranean, but more so in West Africa. 
The general positive trend in the Mediterranean 
Basin indicates a distinct weakening of the westerly 
circulation in the lower atmosphere and a considerable 
northward shift of the jet-stream. The strong pressure 
rise in the Sudanese belt indicates a southward shift 
of the trade-wind circulation and the associated dry 
Harmattan winds. Maximal increase in July (3 mb) 
indicates simultaneously that the West African 
monsoon penetrated considerably less inland. This 
fits in well with the observation of ICraus [57] that 
the rainy season has been shortened there. The slight 
negative pressure anomalies over the desert cores 
strengthen the evidence, provided this is not just 
a fiction due to extrapolation for the Sahara. In review, 
the decreased rainfall and ecological extension of the 
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desert zone has been faithfully paralleled by an 
extension of the trade-wind circulation in both 
latitudinal directions. 
The pressure increase in the Mediterranean together 

with drops over norlhern Europe and generally 
increased Precipitation in middle latitudes implies 
a northward shift. of the planetary jetstream. The 
associated general upper air anomaly has been to an 
over-all increase of zonal and south meridional cireu- 
lation patterns, generally with southerly to westerly 
steering over both the eastern Atlantic and in the 
Balkans and South Russia. The increase of zonal 
circulation over Central Europe and Central Asia 
is obvious from both the intensified pressure gradient 
between northern and southern Europe as well as 
from the positive precipitation anomalies there. The 
statistical examination of Brezowsky [16] fully 
verifies the increase of zonal components between 
1881-1910 and 1911-1940. The strong pressure rise 
over Cyprus implies a let-off in local frontolysis and 
cyclogenesis. This is in good part due to fewer cold 
fronts or upper air troughs penetrating across Asia 
Minor or the Balkans. 
Kraus [57, 581 has come to similar conclusions for 

Australia, namely, a weakening of the intertropical 
eonvergenee, an expansion of the subtropical high 
pressure belt and a wider separation of the tropical 
and westerly rainfall provinces. H e  likewise places 
the ultimate cause in a reduction of direct meridional 
circulation between the equator and temperate 
latitudes. In South America and South Africa the 
situation is again similar; only in North America 
has there been a poleward shift of the summer 
rainfall belt, unparalleled elsewhere on the earth. 
As Wallén [84] has suggested, one must assume a 
northward shift of the subtropical cells of high 
pressure-compared with a bilateral expansion in 
the Saharan area of the Old World, or in Australia. 
In this discussion of the recent warm-dry climatic 

fluctuation it may be attempted to consider the 
prospects of future developmenLs. It is not here 
intended to ask or answer the question what is 
ultimately responsible for climatic changes, although 
recent investigations [ZO, 85, 861 underline the prob- 
ability of an extra-terrestrial, i.e., solar, origin. What- 
ever the weather significance of sunspot cycles-see 
the mathematically-founded, sceptical verdict of 
Berg [Il]-the essence of a long-range forecast by 

Willett [8G] in 1951 was a general recession of tempe- 
ratures and amelioration of moisture conditions in 
lower latitudes in the period 1950-1970. H c  based 
himself upon extrapolation of the character of 
sunspot activity, forecasting a weak maximum only 
after 1962. Instead, as Rodewald [72] has already 
discussed fully in 1956, a record maximum set in 
very much earlier. This occurred in October 1957 and 
the rx for the associated 5-month mean is 222, a 
maximum of unknown intensity so far. If then at 
least the association of climate and sunspots as 
accepted by Willett is tenable, the present tendency 
of warming-up and drying-out should continue for 
many years to come. Rodewald is of the opinion 
that the brief interruption of the recent fluctuation 
in the 19410s was only an interruption, a minor fluctua- 
tion on a long-term trend that began over a century 
ago and will continue for some decades at least. 
Recent developments of moisture and temperature 
unfortunately seem to corroborate this, for lower 
latitudes, pessimistic prognosis. What supports Rode- 
Tvald’s opinion is that the warm-up has gathered so 
much ‘momentum’ that it will be difficult to reverse. 
Whether this will be the case or not is of course 
impossible to decide until a statistical basis for pos- 
sible sunspot-weather correlations has been given. 
So far all supposed correlations of precipitation, lake- 
level fluctuations and sunspot cycles are not founded 
in fact. N o  correlations between lake levels of the 
Dead Sea, Caspian Sea, etc., with sunspot relative 
numbers have proved to be statistically significant- 
despite many tempting graphical comparisons. Simi- 
larly k-tests applied to such fluctuations of terrestrial 
phenomena themselves show no periodicity. 
In retrospect then the ultimate causes of circulation 

changes are so far beyond the compass of human 
observation and all attempts to forecast future trends 
are purely speculative or intuitive as yet. Suffice it to 
say that the great climatic shifts of the last century 
indicate the instability of the precipitation-evapora- 
tion cycle in the marginal lands of Lhe arid zone. 
The ‘men against the desert’ must remain aware of 
the dynamic character of the general atmospheric 
circulation, that climatological means cannot express 
a process such as weather. In the arid zone develop- 
ment or exploitation of water resources of all kinds 
remains a function of the weather-past, present and 
future. 
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SCOPE 

It is necessary at the outset to define the scope of this 
chapter in terms of geographical limits, the time 
period to which most attention is to be given, and 
the interpretation of the term ‘land use’. 
The region to be reviewed covers the Arabian 

desert zone, comprising the present countries of the 
United Arab Republic (Syrian Zone), Lebanon, 
Israel, Jordan, Iraq, Saudi Arabia, Yemen and Aden, 
the Anatolian and Iranian Plateaux comprising Turkey 
in Asia and Iran, Afghanistan and the Indus Basin 
(West Pakistan). It may, on occasion, be necessary 
to extend eastwards beyond these limits into western 
India, or northwards when w e  come to refer to Anau, 
for example, or westwards to the civilizations of 
Greece and Eome which had such marked effects 
on the agricultural development of ocr region of 
primary study [39,165,186, 203, 229].2 The review has 
tended to become restricted to those parts of the 
region from which most of the archaeological data 
are available. N o  special study has been possible 
of Southern Arabia and the Yemen (see however 
[30, 66, 981). 
As far as the time span is concerned, the review 

will deal primarily with the millenia following the 
last Pluvial period, with the Neolithic cultures for 
which the essential criteria have always been held to 
be the domestication of stock, the cultivation of 
cereals, the making of pottery and the manufacture 
of polished stone Celts-some of these achievements 
had been foreshadowed already in Mesolithic times 
[43]-and with the subsequent millennia before 
Christ. It has not been possible to review in similar 
detail the developments which have occurred in the 
region from the early centuries A.D. to date. This 
more recent history would require a separate study 
and would probably be approached in a different way, 
using different literature sources. Such work is not 
made easier by the fact that writers documenting 

more recent eras tend to concentrate almost exclu- 
sively on the patlern of historical events, with little 
reference to the land and the day-to-day life of the 
common people. However, some indicalions of 
complete or partial historical sequences from the 
earliest days to date are given with respect to Pales- 
tine, Syria, Iraq, Iran azid the Indus Valley, but 
without any attempt to link these into a regional 
pattern. 
The term ‘land use’ has been interpreted broadly, 

to include not only the use of land for crop production, 
pastoralism or forestry, but also the many related 
aspects which explain h o w  a particular type of 
utilization arose, how it was and is still related to 
the type of original vegetation, soil and climate, 
how the early cultivators and pâstoralists found 
and domesticated their plants and animals, and so 
on. 
This article is to be regarded as a brief contribution 

to a recent trend whereby archaeological and histo- 
rical studies are characterized by the interpretation 
of pre-history and early history-not so much in 
the conventional or school-book way, but from the 
point of view of many philosophical, economic and 
scientific disciplines. It has become the practice of 
the technician in one particular subject or group of 
related subjects to look at the available information 
with a fresh eye, LO reassemble the material in his 
own way, to search for supplementary data hitherto 
ignored and to present what m a y  amount to a new 
outlook on past events. This new approach of special- 
ists necessarily involves the application of their 
own principles and techniques to the wealzh of 
information and material already compiled so metic- 
ulously by the practising and synthesizing archae- 
ologists or embodied in historical records, and LO the 
deductions based thereon. Or, in the words of Jac- 
quetta Hawkes (Observer, London, 19 April 1959), 
1, A map of the sites mentioncd in thiu article will be found on page 61. 
2. The figures in brackets refer to the bibliography at the end of the chapter 
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(hut first making Lhe reservation in parcnLlicsis 
that in the nineteenth cenlury sevcral outstanding 
archaeologists worked in the Near East and made 
very accurate descripLions of discoveries and exca- 
vations) : 
For long archaeology was in amateur hands, the pastime 
of noblemen, squires and diplomats, of parsons, school- 
masters and doctors. Since the first world war it has become 
increasingly professional, but the professional jobs, in 
universities, museums and learned societies, have been 
filled predominantly by men with an arts background. 
Many of them have been excavators, but essentially they 
have been scholars and not scientists. Now another revo- 
lution is in progress. More and more since the last war 
the natural sciences have been called in to help archaeology 
in its tireless efforts to re-create the past. 

This is the new science of environmental archaeology 
(of which there is at least one profcssorial chair, i.e., 
in the University of London) or perhaps better, 
archaeological ecology. 
Little attempt has as yet been made to apply to 

these archaeological or historical data the principles 
and techniques of ecology in ils widest sense, to 
study the whole or the component parts (climate, 
soil, flora and fauna) of the habitat or natural environ- 
ment in which the events recorded by the archaeol- 
ogist and historian took place. Historical records, 
as well as the stock-in-trade of the archaeologist- 
pottery, early metals, human skeletons, animal 
bones, city and house designs-lend themselves to 
re-investigation. It then becomes possible to obtain a 
picture of the habitat of a civilization, to trace those 
processes which led to its development and generally 
to its deterioration, and to describe the environmental 
background of dynasties, secular and religious empires, 
wars and invasions. With this new approach, it should 
become possible to obtain a better Understanding 
of the life and struggles of the ordinary people, the 
hunters, food gatherers, fuel collectors, shepherds, 
cultivators, tradesmen and craftsmen in relation to 
the use and misuse of the land. 
In discussing before the United States National 

Academy of Sciences the identification of non- 
artifactual archaeological materials, Braidwood [23] 
states that. the farther east of western Europe one 
goes in a study of the animal, vegetable and mineral 
evidence for the establishment of the village farming 
community, the worse our understanding becomes. 
This is true in spite of the most reasonable assumption: 
that western Asia was the nuclear area for the for- 
mation of tlie village farming community way of 
life of the western cultural tradition. Braidwood lists 
the difficulties : 

I a m  not conscious of an extensive literature regarding the 
moment of disappearance of the larger Pleistocene animals. 
Observations certainly exist, for example, on the aurochs 
still being in Poland in the eighteenth century, and on the 
onager in Iraq until the 1920s. There has been general 

agrcciiicnt since the end oí‘ tlie last cciitury that wcsterii 
Asia ifi the region where domestication of the sheep, goat, 
pig and cow (plus horse?) took place. However, remarkably 
little attention has been given to Lhe ~n-ol~~crii on the spot. 
Until Reed went into the ficld on a National Science Faun- 
dation grant in 1954.-55 no systematic zoological collection, 
pointed at the problem, had yet been done in the core area. 
The result is that a corpus of animal bones (both wild and 
domestic) for purposes of comparative study is now only 
being collected, unfortunately about twenty-five years too 
late because of extensive hunting from automobiles and the 
ubiquitous riñe. 
Archaeologically, animal bones have been saved €rom 

about one site in twenty-and then, usually only the more 
rare finds of whole bones or skulls of larger animals. Little 
or no attention has been given to the smaller fauna, inver- 
tebrates, etc., so valuable as clues to the environmental 
situation. The reports, with very rare exceptions, arc rc- 
stricted to Latin-name lists, done by zoologists of good 
will, working blindly without a corpus of comparative 
material and almost invariably without communication 
with the archaeologist as to context, general problems, etc., 
save the simple question, ‘are these bones of domesticated 
animals?’. Egypt (with its good preservation and mummi- 
fication) is somewhat an exception but was evidently outside 
the core area. The general situation in the Classical lands 
appears to be about like that for western Asia. The general 
situation in Europe is many degrees better. Reference to 
CIark’s Prehistoric Europe : The Economic Basis indicates 
a sophisticated aiid quantitative handling of at least some 
of the materials, with overtones of interpretation and not 
simply identification. 

In the field of zoology, w e  have the advice of Reed 
[160] : 
Take the zoologist to the site and let him work with the 
archaeologists. Let him be a man of varied background, 
the wider the better; let him not be so young that he has 
not had training and experience, nor yet so old that he 
has lost his ability to hunt and dig. Yes, dig. That is the 
fly-paper that will surely catch him forever. Why are there 
the absurdly romantic Sunday-supplement articles on arch- 
aeologists in wonderfully strange places, why are there pot- 
hunters, why are there archaeologists at all? Yes, certainly 
let him dig. Let him discover artifacts and learn zbout 
artifacts; let him dig his own bone; let him excavate his own 
ideas. Let him understand anthropological problems, and 
in turn let him present his to the anthropologist. The fasci- 
nating problems are not the purely biological or anthro- 
pological ones but are the ecological relationships between 
changing environments and evolving cultures. And as 
cultures evolve, environments must change. Once the 
biologist has caught this point of view, he is doomed to help 
the anthropologist because none of the trivia he was 
doing before could possibly have the intellectual delight 
o€ these new, interdisciplinary problems. Since the cnvi- 
ronrnerital conclusions of the natural scientists are going 
to be valuable in the interpretation of cultural changes, it is 
primarily the anthropologists who are interested in acquir- 
ing the services of the natural scientists. It is not the latter 
who have organized excavations to gather late Quaternary 
environmental data! . . , Once the natural scientists have 
been members of such an archaeological expedition and 
have seen the value of the problems presented, perhaps 
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they can get Lheir own granlb for suhseyuent co-operative 
work or perhaps thcir own departments will finance their 
new research interests. Ilowever, the intcllectual and finan- 
cial pioneering is goiug to havc to he donc by the anthropol- 
ogists, since they are the ones alert to the needs of such 
co-operative research. Be€ore long we can expect that, even 
as anthropology in this century has had its swift growth 
in American museums and universities, the new science of 
’ environmental archaeology ’ or ‘ Quaternary ecology ’ 
will find its natural place in the intellectual life of the nation, 
with departments of study firmly situated in each of our 
large universities. 

W e  must deal with several interrelated faclors which 
have influenced each other in varying degrees and 
directions with the passage of time. Evolving civi- 
lizations have imposed their own characteristic mark 
on the land, again in its widest sense, and the land 
has in turn had a profound influence on the nature 
of the civilizations and on the degree of their social, 
economic and technological advancement. Environ- 
mental faclors were, for example, probably of the 
greatest importance in the movemenls of peoples, 
such as the spread of the Indo-Europeans, the great 
Arabian expansions [30, 361 and the Mongol out- 
pourings from Central Asia. M a n  only rarely 
understood or fully appreciated the effect he was 
having on the natural environment in which he lived; 
the consequences of his use and misuse provided 
conditions with which later generations and subsequent 
civilizations have had to deal. Solidudinem faciunt, 
pacem appellant (Tacitus). Mallowan [130] has stated 
that a new way of life may not necessarily be an 
advance, perhaps merely an abandonment of an old 
way of life which was in itself perfected. This is not 
necessarily progress. 

One step forward may often mean two steps back, and the 
very efficacity of man has often proved his undoing. Great 
tracts of the world have been exhausted by over-cultivation, 
by deforestation, and by the improvident activities of 
mankind. The insatiable desire for immediate material 
benefits and the complex amenities needed by increasing 
urban population havc inevitably led to periods o€ mental 
and physical exhaustion. The ability to think and to feel 
a generation ahead is, in fact, vital to man’s continued 
prosperity. 

Or, in the words of Sir Mortimer Wheeler, in his 
Marett Memorial Lecture at Oxford, 1952 : 
I belong in fact to a generation of students who have learned 
to make something of a fetish of environment, even at the 
expense of forgetting occasionally the extent to which we 
are the authors of that same environment. It is not difficult 
to think of examples where mankind has created a desert 
and called it civilization; and when in the long run the desert 
wins, as is its habit, we once again short-circuit logic and 
arraign environment. . , . It is a familiar axiom to economic 
historians that an age of fulfilment, such as is implied by 
a great civilization, is accomplished by an increase in popu- 
lation which, after a phase of balance, outstrips food- 
supply and leads to a decline in the standards of living. 

Discussing the nature and scope of archaeology in his 
presjd.entia1 address to the Anthropology and Archae- 
ology Section of th.o British Association, 1959, Pro- 
fessor Ian A. Richmond said that archaeology united 
a very large number of widely differing branches of 
learning. Some developments had brought about 
a new understanding of primitive m a n  far outs-tripping 
anything possible a generation ago. Perhaps it was 
not surprising that the outstanding characteristic of 
the over-all picture of prehistoric m a n  should be 
its very great unevenness of definition and perspective. 
Resources, cultural achievement and advancement 
differed so widely in different regions that the story 
tended to become not that of the effect of m a n  upon 
his environment, but that of the effect of the environ- 
ment upon man. 
Toynbee [191] on -the other hand, rejects environ- 

ment per se, refers to ‘loss of command over the 
environment’ as the determining factor in the break- 
clown of civilizations, but equates this with ‘dete- 
rioration of technique ’. 
Hans Eobek, in reviewing the manuscript of this 

article, deplored the stress which has been placed on 
the environmental factors, without taking into 
account other significant factors, mainly those of 
social history. Braidwood [26] has stated : 

I believe that even if the major theme of all human prehis- 
tory were conceded to be primarily an ecological one (which 
I will not concede), three important variations on that 
ecological theme would appear, which could be paralleled 
in the history of no other organism. These variations would 
be additive and much less divisive than their separate 
listing makes them appear at first sight. A long overview 
of the details of man’s prehistoric past-however incomplete 
these details may be-would suggest these following as the 
three variations on an ecological theme : 
(a) Evolving subsistence patterns showed an increasing 

extractive efficiency through time, and an increasing 
ability to ‘live into ’ a given environment. 

(b) With the passage of timé (especially during the last 
50,000 years-since the appearance of anatomically 
modern man), increasing technological complexity made 
possible adjustments to variable environments and 
began to free men from painful dependence on one 
given type of environment. With increased techno- 
logical complexity, regional ways of doing things 
came more to the fore. 

(c) Increasing sociocultural complexity gradually tended 
to mitigate the necessity for an immediate ecological 
balance for an increasing number-but not all-people 
of any given group. 

This is a vast subject, deserving of a life-time of 
study, not the mere fifteen years during which the 
writer has been concerned with the agricultural 
development of the countries of the eastern Mediter- 
ranean, the Near and Middle East, and the western 
part of the Indian subcontinent, and only inci- 
dentally with the historical background to the present 
types of land use and agrarian structure. This review, 
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uiiavoidably writ ten in considerable 1ia:j tc, cannot 
Lliereîore be more than an introduction to the subject,, 
an indication o€ the type of iiiformatioii which is 
available or should be collected, and how it might 
perhaps be interpreted. It is hoped that it m a y  stimu- 
late further studies in libraries and more team work in 
the field which will provide data on which to base an 
authoritative accounl of the environmental back- 
ground of the history of civilizations. There is no 
doubt that historical ecology, with its specialized 
principles and techniques, should become an important 
subject in teaching curricula and research, on a 
team-work basis, in view of the wide variety of disci- 
plines which can contribute to a reconstruction of the 
evolving environment of history (see, for example, 
Singer et al. [175]). 

M E T H O D O L O G Y ,  INTERPRETATION OF 
INFORMATION AND OBJECTIVES IN 
RESEARCH 

In any study of this kind, a careful appreciation of 
the quality of the evidence is, of course, of great 
importance. W h e n  one is searching early literature 
for the generally fragmentary references to agri- 
culture, vegetation, wildlife and related ecological 
matters, it is found that writers differed widely 
in their inlerest in the ecology of the habitat with 
which they were concerned. For example, Xenophon 
(see [ZOS]) described the march of the Ten Thousand 
along a transect from Lydia LO Babylonia and then 
northwards to Trapezus and along the coast of the 
Pontus Euxinus to Byzantium. There is, however, 
little indication of the vegetation or agricultural 
lands which were encountered on the way, although 
this must surely have been of at least some strategic 
importance. Herodotus [92] on the other hand, 
makes many references to agriculture, crops and 
related matters, perhaps not always on a reliable 
basis. Theophrastus had a clear view of plant distri- 
bution as dependent on soil and climate, and, bene- 
fiting by the knowledge available from Alexander’s 
expeditions, came near to a statement of geographical 
plant regions (Oxford Classical Dictionary [14(5]). 
Plato [155] wrote in ‘Critias’ the following much- 
quoted passage which, although it refers to Greece, 
is equally applicable to many parts of south-western 
Asia : 
At this period, however, with which we are dealing, when 
Attica was still intact, what are now her mountains were 
lofty soil-clad hills: her so-called shingle plains of the present 
day were full of rich soil; and her mountains were heavily 
afforested-a fact of which there are still visible traces. 
There are mountains in Attica which can now support 
nothing but bees, but which were clothed, not so very long 
ago, with fine trees, producing timber suitable for roofing 
the largest buildings; the roofs hewn from this timber are 

still iii existence. There were also many lofty cultivated 
trees, while the country produced boundless pasture for 
cattle. The annual supply of rainfall was not lost, as it is 
at present, through being allowed to flow over the denuded 
surPace iiito the sea, Ilut was received by the country, in 
all its abundance, into her bosom, where she stored it in her 
impervious potter’s earth, and so was able to discharge 
the drainage of the heights into the hallows, in the form of 
springs and rivers with an abundant volume, and a wide 
territorial distribution. The shrines that survive to the 
present day on the sites of extinct water-supplies are evi- 
dence for the correctness of my present hypothesis. 

In reviewing the rapidly increasing modern literature 
on this subject, it is frequently dificult to distinguish 
between hypotheses and conclusions based on ade- 
quate factual information. One cannot help feeling 
a little uneasy in quoting statements to the effect 
that a particular crop or system of tillage first appear- 
ed, on the authority of a couple of grain impressions 
on a piece of pottery or a few specimens of what 
appears to be a new implement. Actually w e  must 
realize that these two examples are quite different. 
The grain impressions present us with a fact; they 
definitely prove that a particular cereal was used, 
and, in so far as the specimens show development 
from the wild grain, prove crop cultivation. If, 
however, no development from the wild grain is 
evident, w e  m a y  be looking at a residual unpalatable 
grain which occurred as an admixture in the grain 
which was actually consumed by the people. The 
new implement, on the other hand, is indecisive; 
its actual use is problematical, and it may, even if its 
use be correctly guessed, imply no more than an im- 
proved technique applied to a system of tillage already 
practised. It would seem to be desirable to apply 
some type or variation of ihe statistical sampling 
method to the study and interpretation of the signif- 
icance of the residues to be found in the middens 
of history. 
It is necessary to maintain a reasonable balance 

between the fragmentary, the incidental references 
by early writers to some biological, ecological or 
agricultural fact which was not to them of any great 
significance, and the reliable, the great wealth of 
data accumulated by archaeologists, anthropologists, 
historians and geographers. Heating with wood or 
charcoal; the pottery of the earliest sites inhabited 
by primitive man, or the mass-produced ware of 
later days; the beginnings of the heat treatment and 
use of meLals; the change from ordinary mud bricks 
to the millions of kiln-baked bricks used to build 
the cities oî the Indus and other civilizations; the 
granaries found among the ruins of the great ‘nameless 
kingdoms of Western Asia’; the use of timber for 
building the navies of Greece or the Temple of Solomon 
in Jerusalem; all these can be accepted as authentic 
features of the history of the civilizations with which 
w e  are concerned. 
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1 Trapezus 
2 Byzantium 
3 Mohenjo-daro 
4, Jericho (Tell- 
es-Sultan) 

5 Jarmo 
6 Mt. Ararat 
7 Ruwauduz 
8 Huleh 
9 Shanidar 
10 Meskine 
11 Ulu-Dag 
12 Erciyas-Dag 
13 Samsun 

M A P  OB SITES R E F E R R E D  T O  IN T H E  T E X T  

14 Kazeroun 28 Erech 41 Arpachiya 54 Caesarea 
15 Shiraz 29 Ur 42 Harappã 55 Acre 
16 Kandahar 30 Mt. Carmel 43 Beyce Sultan 56 Siyallc 
17 Nimrud 31 Tell Halaf 44 Isfahan 57 Herat 
18 Anau 32 Jemdet Nasr 45 Lachish 58 Kermanesh 
19 Mersin 33 Boghazköy 46 Qasr-el-Khara- 59 Hamadan 
20 Hassuna 34 Babylon na 60 Burujnd 
21 Byblos 35 Carchemish 47 Palmyra 61 Kirrnan 
22 Eridu 36 Tell-el-Khelei- 4~8 Giyan 62 Ahwaz 
23 ICish feh 49 Elam 63 Qais 
24. Samarra 37 Gaza 50 TellAsmar 64 Hormuz 
25 Susa 38 Elath 51 Persepolis 65 Peshawar 
26 Gorgan 39 Tyrus 52 Petra 66 Qazuim 
27 Al'Ubaid 40 Matarrah 53 Ascalon 67 Rutba 

68 Suleimasya 
69 Lagash 
70 Ninivch 
71 Singara 
72 Ctesiphon 
73 Hindiya Bar- 

74, Kut-el-Amara 
75 Habbaniya 
76 ICulli 
77 Lothal 
78 Multan 

rage 
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The objective should be not LO look so much at. the 
piece of pottery or the metal, brick, granary or 
building itself, but to try to obtain a picture of the 
land which supplied the fuel for the kilns, the timber 
for the building and the cereals which were stored in 
the granary. In many cases the interes1 is not so 
much in the contents of the pottery-bearing strata 
of ancient sites themselves as in Lhe depth and nature 
of the material between these strala. It is, for example, 
imporlant to know whether this is windblown, 
indicating wind erosion in the vicinity, or water- 
borne, indicating flooding, perhaps resulting from 
misuse of natural land resources higher in the same 
catchment area. Why did the settlements suddenly 
become abandoned and why did they remain unoccu- 
pied for perhaps hundreds of years? T o  what extent 
would such events be due either to climatic fluctua- 
tions, to hostile invasions, LO depletion of soil fer- 
tility and increase of salinity, or to the destruction 
by the inhabitants of the fuel, timber and grazing 
resources of the nearby vegetation, with resultant 
erosion and failure of the wells? W a s  the revival 
of the settlement due to natural regeneration of 
these ïesources? 
In general, there is a sequence indicating the 

increasing intensity of utilization of the natural 
vegetation for fuel; at an early period, the use of 
domestic fuel, the burning of charcoal and the low- 
temperature baking of pottery on a small scale 
in kilns; later domestic fuel, charcoal, glazed pottery, 
smelting of metals, and the manufacture of kiln- 
treated bricks, the actual sequence varying in the 
different parts of our region [175]. 
Thus there was a constantly increasing demand for 

fuel for ever greater production of a wider variety 
of products requiring progressively higher tempe- 
ratures. The fuel would come to the centre of settle- 
ments from areas within a radius which was safe 
and pracLicable for the limited forms of transport, 
or would be floated down-river from mountainous 
forested areas farther away. The denudation near the 
settlement might lead to the destruction of the re- 
source on which it had depended, to wind erosion 
and the failure of wells; deforestation farther up- 
stream might cause excessive run-off, which would 
make the flow of the rivers more erratic and expose 
the centre LO the risk of flooding and the deposition 
of water-borne debris. 
One of the major factors in the decline and fall 

of the Indus civilization is stated by Wheeler [ZOG] in 
the following terms : 

and reduced the rairiîall. If at the same time, energy and 
discipline were flagging, and irrigation-channels and bunds 
inadequately maintained, the total deterioration must have 
been appreciable. Desert was encroaching on the sown. 
In rough terms, Mohenjo-daro was wearing out its Znndscape, 
whether by exce.isive zeal or by excessive indolence. Over 
the years it was dying before the final blow. 

It m a y  he added that the flood plain of thc lower 
Indus at. Lhis time was ai. least 20 ft. lower than 
today. 
The practising botanical and zoological ecologist 

can become experienced in the historical interpre- 
tation of his field observations, especially when 
these are made in association with climatic and soil 
studies. It is possible in certain cases to form a picture 
of the vegetative cover or faunal population of the 
past by studying ancient. documents and pictorial 
representations on seals and friezes, by making eco- 
logical deductions on the basis of relict vegetation, 
or by observing the ecological level to which degraded 
vegetation will regenerate when protected from the 
influence of the major biotic factors, m a n  with his 
axe, firestick, plough and grazing animals. 
The chorologist, interested in the geographical 

limits of the present distribution of genera, of plants 
and animals, can relate his findings to records in 
rock drawings, tablets, early art and literatare [195] 
and the reports from archaeological investigations ; 
marked changes in the chorology of individual genera 
will probably be found for which an explanation 
must be sought. 
The application of these disciplines should ulti- 

mately make it possible to describe the natural 
characteristics of the region being studied and in 
particular its vegetation and fauna (see for example 
Fig. I); Lhe former and present extent of deciduous 
and evergreen broad-leaved and coniferous forests ; 
grasslands and semi-desert scrub; the species of wild 
plants and animals which occupied them. Archaeology 
indicates the way in which these natural resources 
came to be utilized by primitive man, and how 
there arose the early forms of land use and crop and 
animal husbandry which later evolved in various 
and diverse ways through the centuries, yet always 
necessarily in relation to the basic ecological factors. 
Evidence may also be obtained from the art and 

architecture of these early days, from the repre- 
sentations of crops, domestic lives Lock or locusts, 
and from the usc of Limber for Lhc building of columns 
or the roofing of temples. Stapleton 111791 has used 
an early frieze to indicate the possible first historical 

I 

appearance of a short-horned cow, perhaps the proto- 
Millions of well-baked bricks went to the building and type of the Danube yauey and channel Island 
rebuilding of Mohenjo-daro. Millions of tons of firewood breeds. In facl, as Alfonso Caso has stated (quoted went to the baking of them. With all allowance for the 

by Sears [1G9]) : ‘ W e  archaeologists are like detec- arrival of floating timber from the upper reaches, this 
implies a widespread deforestation of the surrounding region. tives7 in that w e  have to make the reconstruction 
This in turn, though partially compensated by growing of the drama with Only very scanty and poor material 
crops, ~ U S L  have checked the transpiration of moisture evidence. Somelimes, perhaps, like the heroes OP 
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mDesert as emL- . desert Steppe a ?dediterranean scrub and woodLnd Shoreiines 

m%Mircd and coiiifeross forests [nrmlNountnin tundra with iooluted cirque glaciers 

FIG. 1. Climatic vegetational belts of the Near East during the Last Glaciation: generalised after Butzer [36]. 

detective stories, we go too far in our deductions. 
But I do not know what is worse-an archaeologist 
with unrestricted imagination or one with a complete 
lack of that qualiby so necessary in life, art and science. ’ 
A number of scientific techniques are used in the 

study of geochronology to indicate either the relative 
sequence of a series of events or material residues, 
or to give a more exact date in terms of years or 
centuries in the period under review. These include 
studies of tree-rings of archaeological specimens, 
palynology or the analysis of stratified dep0sit.s 
of fossil pollen, palaeontology or the study of fossil 
bones, geochemistry or Lhe study of soluble mineral 
salts retaiiicd in clay sediments (potentidy valuable 
in the study of past climates), geomorphology or 
the sludy of the processes governing the formation 
and change of land surfaces due LO new patterns of 
erosion (natural, not man-made) because of major 
climatic changes, and variations in storm patterns 
or tectonic disturbances [176]. 
The method which has received most atlention 

in recent years is that based on the use of radio- 
carbón or carbon-14. It was first broiight to notice 
as a widely disLribuLed carbon-element in 1947 by 

Professor W. F. Libby and his colleagues at, the 
University of Chicago [123]. Since serious doubts 
have arisen in the minds of archaeologists, such as 
Professor Milojcic, with regard to the ultimate 
validity of the method. Barker [SI of the Department 
of Research Laboratory of the British Museum lias 
recently restated the principles underlying lhe 
technique and answered these criticisms and thereby 
helped to bridge the gap between the archaeologist 
and the physicist. Since the technique of radiocarbon 
dating has been in use, several thousand dates have 
been published, the great majority of which have been 
acccpted as accurate. Thc method is world-wide in 
scope, is applicable to a range of commonly recurring 
materials, and provides for the first time a system 
of chronology which is independent of hypothetical 
archaeological and geological considerations. 
Steady progress has been made, both in the instru- 

mentation of the method and in the understanding 
of certain underlying factors which now enable a 
truer assessment of its capacities LO be made. Barker [8] 
states : 
. . . the present state of the method is such that the accuracy 
of the dates is no longer limited by statistical fluctuations 
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in the mcasurement of the radioactivity of the sample, 
but by small perturbations which were previously obscured 
by the large statistical errors of the original techniques. 
Of these perturbations, isotopic fractionation effects can 
be eliminated if the necessary high-precision mass spectro- 
metric techniques arc available, but D e  Vries’ recent work 
indicates that, when all other errors are taken into account 
and eliminated, there may remain errors of up to 100 years 
or more which seemingly cannot be reduced by any fore- 
seeable means. Eecause of the fact that the improvements 
in instrumentation preceded our knowledge of some of 
these limiting factors, it is inevitable that the accuracy of 
some published dates is rather too optimistic, and excepting 
where it is clear that errors other than the statisticaI error 
have been taken into account, one should treat error terms 
of less than il00 years with some reserve. In such cases 
advice should be sought from the laboratory in question. 
Systematic errors still exist hetween the various laboratories 
due to differences in ‘modern’ reference samples, but measure- 
ments are in progress which will result in the publication 
of accurate correction factors. Consideration of all these 
facts leads inevitably to the conclusion that the carbon-14 
dating method is at its besi in fixing the broad outlines 
of a chronology rather than the fine detail. 
An outstanding example of the use of the carbon-14 
method in OUT region is in the dating of the pre- 
pottery Neolithic site of the civitas of Jericho [105, 
1071. Zeuner e2211 found that two samples from the 
upper part of the pre-pottery Neolithic complex 
gave the following results : 

GL 28 Site E. phase F. charcoal indet. 
Radiocarbon age 8,200 years f200: c. 6250 B.C. 

GL 38 Square F1, layer Y. tamarisk charcoal 
Radiocarbon age 7,800 years f160: c. 5850 B.C. 

These dates are considered by Zeuner to be perhaps 
on the young side, since to some extent washing of the 
material (charred date palm, furniture wood, remains 
of flesh, and charcoal) to remove the effect of any 
organic substances carried down in solution would 
appear to result in radiocarbon dates about 10 to 15 per 
cent higher than those quoted above. Braidwood [25] 
quotes radiocarbon determinations for a great many 
sites in the Near East, with special reference to Jarmo, 
Tell-es-Sultan and the caves of the Caspian foreshore. 
In figure 5 of the same article is a diagrammatic 
summary of the positions, in time and general geogra- 
phical region, of the available radiocarbon dates in 
the Near East for the range from about 5,000 to 12,000 
years ago; on this figure are inserted curves to suggest 
levels or eras of food-getting practices. 
A desirable objective for special study would be the 

piecing together of all available bits of evidence from 
all possible sources, to obtain a picture of the original 
vegetative cover, to map Lhis and delimit Lhe major 
phyLogeographica1 zones, the types of vegetation 
within these and the nature of their ecological succes- 
sion. Any such study would be of great scientific 
interest and would also have a wide practical appli- 
cation of a deductive nature for present-day land-use 
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planning. A promising start in ihis direction is being 
made in the preparation by L. Emberger and H. 
Gaussen of maps of the bioclimatology and the climax 
vegetation iypes of the Mediterranean and Near 
Eastern regions, under the auspices of FAO and 
Unesco. It would, however, be desirable to carry this 
work further, by giving not only the macro-types 
of vegetation, but also their detailed botanical 
composition. Such a project might be undertaken 
by a combination of methods : 
1. 

2. 

3. 

4. 

It would be possible to collect the many references 
in published literature, ancient and modern, to the 
occurrence of this or that species of tree, shrub or 
herb in some particular locality. While recognizing 
the frequently circumstantial and unreliable nature 
of such evidence, it should nevertheless be possible 
to make a useful contribution to the over-all picture. 
One should consider the subdivision of this and 
adjacent regions into major phytogeographical 
zones, such as has been done by the botanists 
Engler, Eig, Zohary and others and is now being 
done by Emberger and by Gaussen. 
There is the possibility of making ecological 
studies of the present vegetation, in which one is 
concerned with regressive stages, sometimes very 
low in the ecological scale, and in which one would 
compare the degraded sites with relatively pro- 
tected sites, using such climatic and soil data as 
may be available, to produce a reasonably accurate 
indication of the original imax. Boyko [17] 
has reviewed the problems egeneration in arid 
zones. 
One may use pollen analysis or palynology, the 
study of fossil pollen, a method useful in making 
correlations between deposits and in the relative 
placing of these deposits in a stratigraphical 
column. If detailed studies are made of soils and 
their associated microclimates, it m a y  be possible to 
make deductions about fossil soils and the climate 
at the time of their formation. Dating these deposits 
by other means will make it possible to determine 
the pollen chronology for a particular area. It is, 
however, difficult to apply this technique in the 
Near East, because the high salt content of the 
lakes leads to the destruction of the pollen. Erdt- 
m a n  [63] states that little is known about pollen 
grains and spores in the sediments of Lhe Dead 
Sea, Lake Van and Lake Urmia. If this gap in 
our knowledge could be filled, data of importance 
in studying the history of climate and vegetation 
in the arid zones would be obtained. Erdtman has 
investigated a few samples of marine sediments 
from the vicinity of Basrah and some samples 
from the Shanidar Cave in northcrn Iraq [178], 
but the pollen grains are in general few and not 
well preserved. Lorch [230] investigated pollen from 
cores taken from the Huleh swamps in Israel, in 
an attempt to throw more light on the Quaternary 
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climate in the south-eastern Mediterranean area. 
5. It is perhaps possible to consider using archaeo- 

magnetism to date biological material, as well as 
the clays and stones of ancien1 Greece, as des- 
cribed in The Times of 7 M a y  1959. This method, 
worked out by R. M. Cook and J. C. Belshé of the 
Department of Geodesy and Geophysics in Cam- 
bridge University, is based on the principle that 
many clays and stones, if heated beyond a certain 
point (about 500”-600” C.), tend LO get a fixed 
magnetism in the direction of the earth’s magnetic 
north at the time they cooled after firing. The 
earth’s magnetic field varies with time in direction, 
so that the remanent magnetization of a piece of 
fired clay or stone should be characteristic of some 
particular time in the earth’s history aL that place. 

Air archaeology is valuable in studying ancient 
patterns of land use 12271, for example, the Neolithic 
land use and cropping systems in the Tavoliere di 
Foggia, the remains of cultivaLion systems of the 
Classical period in Attica, Roman centuriation around 
the central Mediterranean, and its absence in Roman 
landscapes in Syria (see also [231, 2321). By using 
vertical air photos possibly supplemented by obliques, 
and noting vegetation markings, ancient crops sites, 
grass, weed and soil marks, valuable information can 
be obtained. 
It is desirable to discuss some of these approaches at 

greater length. First, with regard to bibliographical 
sources, many would expect that the Bible might give 
some indication of the floristics of the present country 
of Israel and adjacent lands in the centuries before 
Christ, and that from these floristic data we could, 
with our modern knowledge, formulate a picture of the 
types of vegetation which existed in the various paris 
of this region. Moldenke and Moldenke [I341 state, 
however, that : 
. . . anyone delving even very superficially into the literature 
of Bible plants will be impressed at once by the amazing 
discrepancies, contradictions, palpable misidentifications, 
erroneous statements and gcneraI confusion which exist 
there. The reasons for this lamentable confusion are several. 
First it must be remembered that the exact science o€ botany, 
as such, is a very recent development in human knowledge. . . 
certainly during the days when the books of the Bible, 
especially those of the Old Testament, were composed and 
later recorded, there was no such thing as an exact science 
of botany or botanical nomenclature. . . . Secondly, the 
writers of the books of the Bible were not botanists or even 
‘natural historians ’ (with perhaps one possible exception). 
Mostly they were very plain men with a limited vocabu- 
lary. . . . Thirdly one must keep in mind the history of the 
Scriptures. It is generally agreed. . . . that much of the 
material of the Old Testament originated in the form of 
poetry-songs or ballads or what we now call folk songs- 
handed down from generation to generation of bards and 
singers for many hundreds of years before ever they were 
written down. . . . Fourthly one must remember that even 
after the books of the Bible were once recorded in written 
form, they were still subject to much possible change. . . 

during the translation by many different people at many 
different periods. 

For example, it is most unfortunate that botanical 
knowledge was not in a more advanced stage at the 
time when the preparation of the Authorized Version of 
Icing James I was undertaken, for in Lhis version used 
almost universally among English-speaking Protestants 
for the past 350 years or so ‘aspens are called mull- 
berries, mullberries are called sycamine, a species of fig 
is called sycamore, the eaglewood is called aloes, the 
acanthus is referred to as a nettle, the almond becomes 
a hazel, the juniper is called a heath, the dill is called 
anise, the apricot becomes an apple, the box is called 
ivory, the cypress is called box, the saltwort is referred 
to as mallows, the terebinth becomes an elm, and the 
plane tree becomes a chestnut’. 
It may be felt thai  his criticism of the accuracy of 

plant names in the Bible is a little exaggerated, since 
perhaps new translations such as the Revised Standard 
Version m a y  be more accurate than the King James’ 
Version. Biblical translation out of original text is the 
painstaking lifetime work of scholars. Some of the 
newly discovered original scrolls appear to show that 
the copied scrolls which formed a basis for translations 
were often very accurate. There are recordings, for 
example, in cuneiform, which are much older and 
contain many more names of plants and animals of 
those times (3000-2000 B.C.) than the Bible. In this 
connexion the Oxford Classical Dictionary [145] states : 
The question of the identification of plants mentioned by 
classical writers frequently arises and can be answered for 
certain distinctive or economically important species. The 
question, however, ignores the semantics of plant names. 
A modern plant-name-even a ‘popular ’ one-presupposes 
a conception of species and of their constancy and limitations 
and an idea of classification that was absent in antiquity. 
Greek and Latin writers, like modern unlettered peasants, 
constantly called the same plant by different names and 
different plants by the same name. The question as to what 
a particular writer meant by a particular plant name is 
therefore, with the exceptions mentioned above, normally 
unanswerable. 

There is also the methodology adopted by the plant 
geographer concerned with the delineation of either 
the major vegetation regions of the world, or the 
zones of the major types of vegetation. Since the types 
of land use which have developed in our region over 
the millennia are closely related to the environment 
and since the natural climax vegetation is at least 
a reasonably accurate indicator of that environment, 
it is essential that studies such as those described 
below on Israel and the adjacent parts of Jordan, 
and other observations and maps of Turkey, Lebanon, 
Syria, Iraq and Iran should be combined into a 
synthetic whole for the region. Uniformity of nomen- 
clature for zones and types of vegetation is highly 
desirable. There is a need to define the major bio- 
ecological or bioclimatic or phytogeographical zones 
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within the region as a whole, and to reconcile and place 
in their correct perspective the Mediterranean, Irano- 
Turanian, Saharo-Sindian and Sudano-Deccanian 
zones of the Jewish botanists, used also by Regel [162] 
for Iraq; the Mediterranean Alpine, Syrian and SLeppe 
zones used by Pabot and Mouterde for the Lebanon 
and Syria, with their eastward extensions into Iraq 
and Khuzistan; and the forest, shrub and steppe zones 
of Iran and Turkey-in-Asia recognized by Bobek and 
Birand respectively. If w e  could bring some degree 
of order into this situation for the whole of our region, 
it might even be possible by observation, deduction 
and inspired guesswork ultimately to reconstruct the 
original plant communities. 
Then it would be desirable LO attempt to show the 

geographical distribution of the key genera of our 
region, such as Triticum, Hordeum and Aegilops, not 
as weeds of cultivation as they occur today, but as 
components of specific plant communities in the days 
before cultivation. By following these various steps, 
one might ultimately be able to relate this natural 
and original distribution to the location of some of the 
earliest archaeological sites. 
In producing a bio-ecological map or maps it 

would probably be essential to attempt to map and 
describe the original vegetation climax, but this is 
sometimes very difficult to achieve. Although it m a y  
well be possible to use relict trees to indicate the 
original type of forest cover, centuries of overgrazing 
and in many cases also cultivation have reduced the 
original herbaceous cover to a stand of annuals or 
unpalatable perennials and eliminated the key genera 
which played such an important role in the change 
from food collecting to cultivation. The person respon- 
sible should have a well-trained critical ecological 
eye which never accepts vegetation at its face value, 
and a long and thorough knowledge of the flora, and of 
the biotic factors to which it has been exposed. One 
must consider the actual or possible irreversibility of 
certain successions. The Carex stenophylla community 
which now covers such a vast area of the grazing lands 
of the Near East is apparently a stable subclimax, 
which cannot be induced to progress to higher ecolo- 
gical levels without perhaps some type of scarification 
of the soil. The terra rossa of the Mediterranean region, 
formed during the last pluvial, has now been eroded 
off much of the hill country and cannot be re-formed 
under present conditions. The original characteristic 
climax vegetation of that soil type, whatever it m a y  
have been, cannot reappear, but instead one finds a 
permanent subclimax or a new type of succession 
on the subsoils of schist or other materials. Again, 
certain species are indicators of earlier cultivation 
in areas where little other evidence remains; for 
example, the presence over extensive areas in northern 
Afghanistan of Pegaltum harmala and Alhagi came- 
Zorum indicates earlier cultivation under low rainfall 
conditions. 

If it were possible to map the zones of original 
distribution of the various types of game animals on 
the same lines, as is gradually becoming possible and 
reliable for the zones of vegetation (not quite so simple, 
since animals are mobile, plants are not), it would 
perhaps be possible to state that a particular type or 
group of wild animals was characteristic of one of 
our major or minor bio-ecological or vegetation 
zones or types, perhaps depending on it for food and 
cover. From this it might in turn be possible to deduce 
that it would be in these floral and faunal zones that 
primitive man, at a stage so little removed from 
dependence on nature, largely found his food and 
living. The vegetation types concerned would be the 
first to suffer from the fires employed by the hunter 
in his concentration of the game for slaughter. 

THE ENVIRONMENT 

CLIMATE 

The main relevant conclusions drawn by Karl Butzer 
in the preceding in chapter are: 
That from the close of the sixth to the close of the 
third millennium B.C. there was a markedly greater 
humidity and rainfall throughout the dry zone of 
Africa and western Asia enabling a more exuberant 
fauna and flora to thrive in areas climatically 
unsuitable today. 

That the early historical desiccation shortly before 
2000 B.C. was quite severe, particularly as conditions 
were temporarily even more arid than at the 
present time. 

That towards the end of the last millennium B.C. 
(Roman and Byzantine times) climatic conclitions 
began to improve again. 

That since that time there have been only short- 
term variations, never exceeding the order of a 
few hundred years. 

That the so-called archaeological evidence does not 
support a hypothesis of climatic deterioration 
in the Near East in historical times, but indicates 
rather the abandonment of wide areas as a result 
of the economic deterioration and political insta- 
bility of the Roman Empire, nomadic incursions 
and decline of urban activity. 

Butzer’s conclusions are based on climatological 
data and calculations supported by the evidence 
from rock drawings of fauna, flood sequences, the 
structure and location of sand dunes, and from other 
historical, archaeological and geological evidence. 
His chapter must be considered carefully in connexion 
with the frequent references in subsequent passages 
of this section (written before Professor Butzer’s 
contribution was received) to the relation between 
the climatic characteristics and zones of south- 
western Asia and the types of vegetation, agrarian 

66 



Evolution of land use in south-western Asia 

structure, types of farming, crop plants and domestic 
animals which have existed since earliest times or 
have developed in the region. It would, for example, 
be desirable to aitempt to map the bioclimatic or 
bio-ecological zones within our region, as is now 
being done by L, Emberger and H. Gaussen, using 
perhaps the terms employed by some of the phyto- 
geographers, i.e., Mediterranean, Irano-Turanian, 
Saharo-Sindian and Sudano-Deccanian. The major 
factor influencing human behaviour in relation to the 
environment has, of course, been desiccation. Through- 
out this study of the ecological background of 
land use, we have to attempt to distinguish between 
the major desiccations and the long rhythmic fluc- 
tuations between relatively wet and relatively dry 
periods, described by Butzer on the one hand, and the 
variablc intensities of local desiccation produced by 
man’s misuse of the land and its protective vege- 
tative cover in what is already a critical environment 
for plant growth and survival. 
It may be appropriate for the sake of argument to 

refer to some doubts in the minds of those concerned 
with the history of agriculture and palaeobotany. 
Robert Braidwood and Robert M. Adams, for example, 
remain extremely sceplical of Butzer’s earlier formu- 
lations of post-pluvial climatic fluctuations in the 
Near East. In addition to the hazards of the deduc- 
tions noted below, there are additional difficulties 
that appear to arise from a too-literal reading of 
‘historical’ accounts. It is, for example, doubtful 
whether it can be proved that there was a markedly 
greater humidity and rainfall throughout the dry zone 
of western Asia from the close of the sixth to the close 
of ihe third millennium B.C. 
It is generally believed (following Brooks, [31]) that 

the last major desiccation began in North Africa and 
the Near East when the climatic belts shifted north at 
the end of the last Pluvial. Peake and Fleure [151] 
for example have described the situation as follows. 
About 7000 B.C. the storm zone which had for many 
centuries traversed the Mediterranean began to shift 
further north. As long as this storm zone had traversed 
the Mediterranean, the Sahara and Arabia had expe- 
rienced a light but regular rainfall, more intense in the 
west but not negligible in the east. These regions, 
which perhaps had been partly wooded in the Würm 
glaciation, had been grassy steppes for many centuries, 
The game which abounds on such steppes probably 
sustained a fairly large population. The gradual 
northward shifting of the storm zone caused a pro- 
gressive reduction in this rainfall, until eventually 
these regions became the deserts we know today. 
It appears, however, according to Braidwood [24,], 

that his meteorological colleagues at the University 
of Chicago do not believe that the climatic picture 
is quite as simple as Brooks suggests. Bobek’s recent 
survey of the evidence [14] leads him to suspect that 
a uniform ‘ pluvial girdle ’ of the subtropical latitudes 

did not exist in the Pleistocene. It is, according to 
Braidwood, very difficult to find clear and significant 
evidence of desiccation within the period when agri- 
culture based on wheat or barley, or stock husbandry 
based on the sheep, goat, pig and cattle, began. 
Stekelis and Haas [I811 show that ‘the biotype of 
layer B of Abu Usba was not essentially different 
from that found on the spot today, except for a 
somewhat denser vegetation of the forest, correlated 
with a somewhat larger quantity of rain’. Braidwood 
states that the evidence from Jarmo is exactly parallel, 
except that the vegetational cover of the Chemchemal 
valley was evidently a parkland of scattered oak, 
the destruction of which he puts down somewhat 
unjustly merely to overgrazing. Braidwood contin- 
ues : 

The field research necessary for a meaningful palaeoclima- 
tological, palaeobotanical and palaezoological history of 
post-glacial south-western Asia is only beginning. W e  have 
a long way to go. But for some years I have taken m y  own 
clue from hints such as those suggested above, which point 
to no great or significant environmental difference in the 
time range of c. 10000 to 5000 B.C., from that of today 
in south-western Asia. Hence I have focused m y  own 
attention on the hillflanks and intermontane walleys of 
the ‘ Crescent’ and away from the more and environs of the 
riverlands and oases. I feel justified in letting my thinking 
proceed from present-day rainfall and vegetation maps. 
I have m y  eye particularly Ón the flanks of the Amanus and 
in north-west Syria, on the Anatolian plateau flanks which 
lie about the great bend of the Euphrates, and on the 
western flanks of the Zagros with a possible fingering up 
towards Lake Urmia. I am, as yet, non-committal about 
the rain-watered Jordanian uplands. It is not, however, 
my understanding that clinching arguments can yet be 
offered for either an ‘oasis’ or ‘hilly-flanks’ theory for the 
origins of the effective village-farming community way of 
life in western Asia. A great deal more must yet be learned 
by archaeologists and natural scientists working in the 
field together and in easy communication. 

Braidwood’s reconstruction of the climate for the 
region and time of Jarmo is based upon intensive, 
integrated studies of the woody genera, mollusca and 
vertebrate fauna, all obtained in an archaeological 
context, and is believed to provide the only really 
reliable instance of climatic reconstruction that is 
currently possible in the Near East. This recon- 
struction is an important part of a volume by 
Braidwood and his associates which is n o w  in the 
press. 

It will certainly be desirable in further studies to 
consider the views regarding the origins of agriculture 
in oases versus hilly flanks, to present them more 
clearly and to balance them one against the other [216]. 
For this purpose, the term ‘oasis’ should be better 
defined as including, for example, watered areas 
surrounded by semi-fertile but not necessarily desert 
land. W e  referred above to Braidwood’s mention 
of his lesser interest in the more arid environments 
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of the river lands and oases. Woolley [216] reminds us 
that in and after the fificcnth century B.C. the 
land of Niya near Meskine on the middle Euphrates 
was jungle harbouring herds of elephants. It would 
appear that ‘here Braidwood bases himself on a 
rather arbitrary assump tion wbich colours his ar- 
guments throughout ’. One should also consider the 
possibility that the (few) early sites discovered, 
such as Jarmo, may really be backwaters, preserving 
primitive techniques long after further developments 
had occurred elsewhere. 
From the plant ecological point of view, it would 

appear that insufficient attention has been given LO the 
effect of clearance of the vegetative cover in a critical 
environment, on the microclimate in which natural 
vegetation, crops and domestic livestock have to 
exist. Reduction of vegetation to 
succession always means greater 
sun’s rays, a higher temperature and reduced humid- 
iLy at the soil surface, and the exposure of plants 
and crops to the physical effects of the sand-laden, 
searing hot winds out of the desert. It might even be 
possible that the severity of these man-made conditions 
around the desert fringe would be greater and affect 
a larger area than the fluctuations in macroclimate 
referred to above. 
The use of evidence of floods to prove the existence 

of more humid conditions in the mountains from 
which great rivers flow is perhaps a little dangerous. 
For a time during the removal of vegetation from 
headwaters, the capacity of that vegetative cover 
to hold back the rainfall from the rivers may be 
retained, but perhaps there comes a critical period 
when the percentage run-off increases suddenly and 
greatly, and floods occur. It may also be that after 
a succession of flood years, some degree of stability 
would again be achieved, through the regeneration 
of secondary growth, and the flood level and frequency 
w o d d  be reduced. 

GEOMORPHOLOGY, GEOLOGY, SOILS A N D  
H Y D R O L O G Y  

These basi rs of the environment h 
the types d use which have developed in our 
region of study; changes in their characteristics 
have influenced, sometimes drastically, the history 
of the land, its vegetative cover, crops and livestock 
on which successive civilizations and people have had 
to depend, most generally on a declining scale of 
productivity. It does not appear that there have been 
any major geomorphological or geological changes 
or trends which should be taken into eonsideration 
in reviewing the history of land use by man. Relevant 
papers include that of Miller and Leopold [133] 
on the use of soils and paleosols for interpreting 
geomorphic and climatic history of arid regions, 
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and that of Buringh [33] on pluvial phases in the 
Pleistocene and their influence on present soil eondi- 
tions in Iraq. The evidence which exists of what 
Birot and Dresch [il] call an earlier humid geomor- 
phology in the now arid mountains along the Red 
Sea coast of Arabia and in other paris of the region 
does not appear to be relevant in our period. The 
position is, however, quite otherwise when one comes 
to consider soils and hydrology. 
There is no doubt that man-made erosion following 

devegctation and excessive culiivation has played 
havoc with the original soil cover on hill and mountain 
lands. The dryland cultivators of our region are 
subsoil farmers. Plant communities and crops in 
these areas arc now growing on B or C horizons, 
a condition which they express in a stage of ecological 
succession or nature and yield of crops. The original 
soils in the mountains of ihe Eastern Mediterranean 
and in Turkey, Iran and Afghanisian have either been 
lost to the sea or havc contributed to the new alluvial 
areas, of which the Tigris-Euphrates and Indus valleys 
are the outstanding example. It appears to be doubtful 
whether wind and water erosion has been so serious 
in the semi-desert areas, since old roads between 
centres of habitation m a y  still be traced in aerial 
photographs. 
Karatekin [lo21 has reviewed the hydrology of the 

Near East and the research in progress in various 
aspects, but makes little reference to the factors and 
conditions of major importance in the changing and 
generally deteriorating use of the land. These include 
changes in the flow of major rivers, from year-round 
to seasonal due to devcgetation in the upper reaches; 
the history of floods and siltation of river beds and 
irrigation works; the lowering or raising of water 
tables; and the failure of wells. Butzer in the preceding 
chapter has reviewed the fluctuations which have 
occurred in the groundwater table, fossil and other- 
wise, from Neolithic times onwards. 
The amount of rainwater which now runs amok over 

the lands of Lhe Near East must reach fabulous pro- 
portions. There is not the slightest doubt that deveg- 
ctation has been of major dimensions throughout 
the mountain arcas of the Near East. It is probable 
that before the cover of forest and ground vegetation 
was removed, only about 20 per cent of the total 
rainfall could be measured as surface run-off. In the 
absence of accurate data from. ihe region on run-off 
in relation to vegetative cover and soil type, one m a  
assume on the basis of data from other regions that 
the present figure in, say, the Zagros Mountains, would 
be nearer 70 or 80 per cent in many slopes. If one 
realizes that an inch of rainfall represents 100 tons 
of water per acre, it. can be seen that the amount of 
water flowing at dangerous velocities down the 
mountain valleys to the valuable land in the plains 
beneath is a major factor in the over-all picture of 
diseqiiilibrium of land use in our region. 



Evolution of land use in south-western Asia 

HISTORY OP THE VEGETATION 

The use, and in most cases the misuse of the land in 
south-western Asia has had a great, indeed an ecolo- 
gically catastrophic effect on the natural vegetation. 
W e  must, at the outset, state that no idealistic claim is 
made that the vegetation should have remained as 
it was before man began his depredations. Timber 
and fuel had to be provided, cereals and other crops 
had to be grown on cleared land, and free-ranging 
animals had to find feed. Yet thc botanist and plant 
ecologist cannot but be exasperated, if not actually 
angered, by the utterly careless way in which the 
vegetative cover has been and is still being slaughtered 
in man% anxiety to provide for his needs in terms 
of timber, fuel, land for cultivation and grazing 
resources for his livestock. 
Almost without exception the areas still covered 

by anything in the way of vegetation have been 
characterized by ecological regression for thousands 
of years. The effects have been of a biotic nature, the 
influence of man and his grazing and browsing 
animals [208]. This regression is probably due only 
slightly, if at all, to any major or local climatic change, 
although it has had great effect on the microclimate 
around and within the plant communiliec and thus 
has led to greatly increased desiccation. W e  should 
mention the studies of, Oppenheimer and Boyko [I431 
on ecological relationships and water expenses of 
Mediterranean forest vegetation. The influence of the 
progressive desiccation of rocky soil, which occurs 
between April and October, is very pronounced on the 
transpiration of Quercus calliprinos and Laurus nobilis. 
In Phyllyrea media and Pistacia palestina, however, 
the stomata remain fully or partially open throughout 
the summer. Differential exposure to the sun's rays 
produces large differences in microclimatic conditions 
for plant life on northern as compared with southern 
slopes [16]. In the sun, heating of the surface is greater 
in dry grass (Stipetum) covering shallow soil than 
in calcareous rock, due to the higher evaporation 
above the grass and the better heat conductivity 
of the rock. 
The approach of the phytogeographer m a y  be 

exemplified by Engler [62], who recognized five major 
plant kingdoms of the world, the first of which, 
the northern extra-tropical or boreal, included the 
Mediterranean region as a subdivision. In the Medi- 
terranean region, Engler recognized the well-known 
sclerophyllous evergreen forms that no longer belong 
to the arctotertiary element, since they are not found 
in the Tertiary deposits of the present Arctic region. 
As, however, several of these forms existed at one 
time in the region in which the boreal flora is now 
dominant, Engler called the element which distin- 
guishes the Mediterranean flora ' tertiary-boreal '. 
H e  states that the Mediterranean flora must have lost 
some of its original character because of progressive 

extension oî the xerophytic area, In the south-west 
of the Mediterranean region, more of the original 
character is retained, but in the east, the region 
with which w e  are concerned, the steppe element 
has so gained the upper hand that the plant cover 
has acquired a habit very similar to that of the 
Central Asian and southern steppe lands. 
Within the Mediterranean region, Engler recognized 

six provinces ; South-west Mediterranean, Iberian, 
Ligurian-Tyrrhenian, Central Mediterranean, Arme- 
nian-Iranian Mediterranean and Southern Mediter- 
ranean. H e  classified Syria, the Lebanon and former 
Palestine as the Central MediLemanean Province. 

FIG. 2. Phytogeographical zones of Palestine (after Eig) : 
Mediterranean (I. Cisjordan; II. Transjordan); Irano- 
Turanian (I. Judean Desert; II. Near Negeb; III. Trans- 
jordan); and Saharo-Sindian (I. Lower Jordan Valley; 
II. Wadi 'Araba; III. Par Negeb; IV. Transjordan). 
Key : 1, boundary between Mediterranean and Irano- 

Turanian zones; 2, boundary between Irano-Turanian and 
Saharo-Sindian zones ; 3, principal area of occurrence of 
Sudano-Deccanian enclaves ; 4, area of Saharo-Sindian 
penetrations; 5, pre-partition international boundaries. 
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FIG. 3. The phytogeographical territories of the Near Eastern Deserts. Key: 1, Mediterranean territory; 2, Irano- 
- ~ I I -  

Turanian territory; 3, Saharo-Sindian territory. 

There is little indication of the boundary between the 
Central Mediterranean Province and the Armenian- 
Iranian province, or between the Mediterranean 
region and the Central Asia region; this latter region 
becomes gradually transformed towards its western 
side into the Armenian-Iranian province of the Medi- 
terranean region. 
In his first published work entitled ‘Les éléments 

et les groupes phytogéographiyues auxiliaires dans 
la flore palestinienne’, Eig [60] presented a map 
showing the extent within pre-partition Palestine 
of three main subdivisions, which he recognized as 
Mediterranean, Irano-Turanian and Saharo-Sindian. 
A revised version of this map was produced later 
by Eig [61] (see Fig. 2) and a more extensive one by 
Zohary [222] (see Fig. 3). 
The plant geographers of the Hebrew University 

in Jerusalem assert that Palestine is the only country 
in which outliers of the three major types of vege- 
tation of our region of study can be found: (a) the 
Mediterranean; (b) the Irano-Turanian, charac- 
teristic of Iran, Turkey and adjacent lands; and (c) the 

Saharo-Sindian, characteristic of the great arid zones 
of the Sahara and Arabia and continuing as far east 
as north-western India and the Deccan [207]. Looking 
eastwards across the northward extension of the 
Rift Valley of Africa, which is represented by the 
Jordan Valley and the Dead Sea, it is said that one 
can see these types in reverse, Saharo-Sindian on the 
lower slopes, then a mixed vegetation in which the 
Irano-Turanian element is well represented, and above 
that the characteristic oak forests of the Mediter- 
ranean type. 
By ecological deduction combined with the use of 

historical records, it would be possible, as Eig does, 
to say that the climax but now largely vanished 
vegetation of these zones contained : 
Mediterranean : Pinus halepensis, Ceratonia silipua, 

Pistacia lentiscus, and Quercus aegilops ssp. itha- 
burensis. ‘Open thy doors, O Lebanon, that the 
fire may devour thy cedars. Howl, fir tree; €or the 
cedar is fallen; because the mighty are spoiled; 
howl, O ye oaks of Bashan; for die forest of the 
vintage is come down.’ (Zachariah, XI. 1-2.) 
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Irano-Turanian : open forest of Pistacia atlantica, 
or of Juniperus phoenicea, both associated with 
Artemisias herbu-alba and species of Astragalus. 

Saharo-Sindian : with, in Palestine, riparian forest 
along the Jordan of Populus euphratica with valley 
plains associations of Suaeda palaestina and Salsola 
tetranda; in the nearby mountains Suaeda asphal- 
tica and other species. 

Zohary E2221 recognizes a further type, the Sudano- 
Deccanian, represented by 30 species, mostly shrubs 
and trees, constituting a few associations which 
he classes under Zizyphus spina-Christi, mainly 
limiLed to the cases around the Dead Sea and along 
the lower Jordan Valley. Zizyphus spina-Christi 
is undoubtedly primary; the species seems to be 
secondary in almost all the alluvial plains of former 
Palestine. Remnants of Acacietum albidae form pure 
stands in some localities. Zohary believes that its 
discontinuous distribution and its occurrence in 
strikingly cliverse habitats point to the assumption 
that these stands are relicts of ancient tropical 
vegetation which at one time covered various parts 
of Palestine. If this means that tropical vegetation 
of a semi-desert type was once more extensive in 
Palestine, it must have become of a relict nature 
owing to a change to the Saharo-Sindian under more 
arid conditions, or owing to man-induced desiccation. 
Mouterde [138] has recognized five plant geogra- 

phical zones in Lebanon and Syria : 
Coastal zones from sea level to about 1,400 m. : 
typical Mediterranean vegetation without xero- 
phytic plants, probably climax woods of Pinus 
brutia, alternating with Quercus calliprinos, Q. in- 
fectoria, Arbutus andrachne, Pistacia palaestina 
and P. lentiscus. 

Mountainous zone, from 1,4<00 to about 2,000 m.: 
climax in certain well-watered areas is Abies cilicia, 
in other parts Cedrus libani, Pinus brutia, Cupressus 
sempervirens, Juniperus excelsa and several Quercus 
species. 

Summit zone, above 2,000 m.: a few species of 
Noaea and Allium are common to these high regions 
and to the desert Ór at least to the sub-arid parts 
of the ante-Lebanon. 

Zone of the interior plains (Continental, Mediter- 
ranean or Syrian): this zone commences imme- 
diately afLer Lhe crest of the coastal ranges; the 
vegetation is Mediterranean mixed with many 
Irano-Turanian forms; the probable climax is 
an open woodland of Quercus calliprinos and 
Q. infectoria. 

Steppe zone : very dry climate with intense variations 
in temperature and low rainfall; flora of Lhe Irano- 
Turanian types with Artemisia herbu-alba, and 
species of the Salsolaceae. 

Pabot ri481 has been able to classify Lhe vegetation 
of the Lebanon in greater detail than that adopted 
by Père Mouterdc and has recognized some twenty 

zones; those on the western slopes are called: 
Lower Mediterranean, Mid-Mediterranean, Higher 
Mediterranean, Cedar Zone, Sub-Alpine (Lebanon) 
and Alpine Zone (Lebanon). In Syria, Pabot [146] 
recognizes three main zones : Mediterranean, Syrian 
Mountain and Steppe. In Anatolia during the Ice 
Age, glaciation occurred only on the highest mountains 
(Ulu-Dag and Erciyas-Dag) ; however, Louis [lZ?] 
believes that this period was characterized by a much 
higher rainfall in the mountains but not in the steppes 
of Central Anatolia (see Walter [199]). PraclicalIy 
noihing is known about the floral history of Anatolia; 
Birand [9, 101 has described the present zones of 
vegetation, and has indicated in his paper to the 
International Union for the Conservation of Nature 
and Natural Resources (in Athens, 1958) the extent 
to which the vegetative cover has suffered at the 
hand of man. The occurrence of a cedar forest near 
Samsun on the Black Sea and of the forests of Fagus 
orientalis in the Taurus and Amanus Mountains 
would seem to indicate a different distribution of 
vegetation types in prehistoric times. It is, however, 
more important to trace changes in vegetation in 
historical times based on relicts of Juniperus, Quercus 
and Berberis crataegina found in the mountains of 
Central Anatolia and on the inside of the mountain 
rim. The occurrence of these relicts indicates former 
forest, and leads Birand to conclude that the forest 
area has been reduced from 70 to 13 per cent of the 
total area of the country. In the transition zone 
between forest and steppe, the delicate biological 
balance can readily swing in favour of steppe condi- 
tions, as a result of the operation of the usual factors 
of deforestation, burning, cultivation, grazing, etc., 
leading ultimately to erosion and the impossibility of 
reforestation. 
Hans Bobek (quoted by Monod [135], see also 

Bobek [13]) has evaluated and mapped the extent of 
distribution of the forest types of Iran as compared 
with the original condition, defined as being that at the 
end of the Neolithic (c. 5000 B.C.) and the beginning 
of the period when vegetation has been less influenced 
by climatic variations than by human activities. 
H e  estimates that there remain: one-quarter of the 
Caspian coast humid forest; one-half of the Caspian 
mountain humid forest (much of it severely degraded); 
one-fifth to one-sixth of the oak and oak/juniper 
forests of the Zagros; and hardly one-twentieth of 
the juniper forest of the Elburz and Khorassan, the 
stand being almost completely destroyed. 
The open Pistacia amygdalus stands which once 

covered almost the entire central plateau, apart 
from the true desert areas, have also been heavily 
depleted, with a consequent expansion of the desert 
sleppe. 
The regions in Iran which have suffered most from 

the destruction of plant cover are those inhabited by 
nomads or semi-nomads and are therefore exposed 
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to extensive grazing, dry farming and charcoal burn- 
ing. The highly developed civilizations which have 
been based on irrigation ever since the Neolithic are 
only indirectly affected' by increased run-off from 
water supply areas outside their control, and the 
increased pressure of nomads on the settled popu- 
lation. 
Pabot [1$6] has attempted to indicate the original 

vegetation of Syria, by reconstructing in Diagrams 1-3 
three hypothetical but reasonably well-founded suc- 
cessions, showing how he believes the vegetation 
may have regressed from and how it might progress 
back to actual or theoretical climaxes of Mediterra- 
nean (Quercus calliprinos), Syrian mountain (Juni- 
perus excelsa) and steppe (Pistacia atlantica). It is 
difficult sometimes to believe that the vast expanses 
of overgrazed sieppc of Carex stenophylla are related 
in any way to the second and third of these climax 
types, but this is now firmly believed to be so. 
Preliminary indications of original climax vege- 

tation have been obtained from the Khuzistan plains 
and the adjacent paris of the Zagros Mountains in 
Southern Iran. Here, up to about 1,000 m. prac- 
tically no natural forest remains, with the exception 
of some reduced ihin forest of Populus euphratica 

along the River Dez. Assuming that the climate in 
prehistoric and early historic times was little different 
from the present, it is possible to conclude that this 
region was covered with more or less dense forests, 
except for the mountains above 3,400 m. and the 
normal zones of erosion [160a]. The great forest zones 
must thus have been as follows : 
1. From O to 300 m. approx. : Tamarix spp., Populus 

euphratiea, Phœnix dactylijera (date palm) in the 
more humid parts; and, in the dry parts, Zizyphus 
spina-Christi, Pistacia khinjuk, Ficus Carica (2 sub- 
species), Tamarix strieta (sands). 

2. From 300 to 800 m. approx. : Pistaeia khinjuk, 
Ficus Carica, Ziziphus spina-Christi, Amygdalus 
scoparia, Pistacia atlantica; in the valleys, Tamarix 
spp. Populus euphratica, Salix spp. 

3. From 800 to 1500 m. approx. : Quercus persica 
(prevailing), Pistacia khinjuk, P. atlantica, Celtis 
sp., Acer cinerascens, Amygdalus spp., Prunus sp. 
etc.; in the valleys, same species as in lower alti- 
tude, with in addition Platanus orientalis (probably 
the forest type on the hills around Jarmo further 
to the north-west). 

4,. From 1500 to 2500 m. approx. : Quercus persica, Pis- 
tacia atlantica, Acer cinerascens, Fraxinus syriaca, 
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Crataegus spp., Pirus syriaca, Celtis sp., Juglans 
regia, Amygdalus spp., Juniperus excelsa, Prunus 
mahaleb, Lonicera nummulurifolia, etc., in the 
valleys, Platanus orientalis, Salix spp., Fraxinus sp. 

5. From 2500 to 3400 m. approx. : Juniperus excelsa, 
Lonicera nummularifolia. 

Pabot [147] believes that in Afghanistan in antiquity 
there existed (a) in the less arid parts of the northern 
plains open forests of Pistacia khinjulc, P. atlantica 
and P. vera; (b) in the mountains bordering these 
plains Juniperus excelsa; (c) in the mountains to the 
east of Kabul forest of Quercus ballout with Pistacia 
atlantica and Cercis grif$thii, -of which relicts still 
exist; and (a) in the mountains near Kandahar 
forest of Pistacia atlantica, some specimens of which 
are still to be found. 
Hans Helbaek has adopted a somewhat different 

technique in his studies of the wild, and particularly 
the weed, flora around Jarmo and Nimrud, and at 
other sites in northern Iraq. A herbarium collection 
has been assembled and is being identified. Braid- 
wood [is] writes : 
Having seen Tor himself the nature of this upland region 
of Kurdistan, Helbaek is convinced of the soundness of the 

suggestion that Jarmo and other ecologically similar loca- 
lities witnessed the first attempts at agriculture. In the region 
about Jarmo the present-day botanical evidence strongly 
substantiates the idea, in that here are found the wild 
wheat, the wild barley, lentil, pea, flax, fig, almond-all 
species which are potentially domesticable in their present 
forms, or are potential €actors in hybridization. All are 
iound in a definitely wild state, that is in uncultivatable 
stations, so that they must be considered as indigenous and 
not as later introductions. 
Helbaek's systematic botanical collections about the site 

of Jarmo are the first case, in the Near East, where a pro- 
fessional attempt has been made to co-ordinate archaeological 
and botanical investigations, and one of the very few cases 
in the general area where an intensive systematic collection 
has been made at all. The results, when digested, will 
contribute not only to the increase in general botanical 
knowledge of the area, but will also hear on understanding 
the transition from cave-dwelling savagery to the estab- 
lishment of the village farming community. 

It appears that w e  have a basis on which to begin to 
apply modern botanical and ecological knowledge 
and techniques to the preparation of our picture 
of the major plant geographical zones of the Near 
East, of the many types of vegetation or plant com- 
munities which occur within them, and of the nature 
of ecological regression and progression to be found 
within the vegetative types. In which of the major 
plant geographical zones and in which of the commu- 
nities within these zones, pre- and post-desication, 
would one expect to find the important species of 
Triticum, Aegilops, Hordeum, Medieugo and the 
many other economic plants which were originally 
members of the wild flora of the region and now 
occur in the non-cullivated state almost entirely as 
weeds in crops and the borders between fields? Know- 
ledge of this nature would be of great value, when 
combined with that obtained from studies on climate, 
geomorphology, geology and soils, in delimiting the 
major and minor land systems and units into which 
it is highly desirable, if not essential, to subdivide 
Lhe area before attempting any integrated planning 
at the present day. 
Closely connected with the deterioration of the 

vegetative cover of south-westcrn Asia, as in other 
parts of the arid zone, are the location and degree 
of infestations of locusts, in our region the Desert 
Locust (Schistocerca gregaria) and the Moroccan 
Locust (Dociostaurus maroccunus). According to 
Uvarov [194] the latter offers probably the best 
example of the effects of land use in a semi-arid 
climate on the population of an injurious insect, 
through changes in vegetation structure and micro- 
climate. In discussing the development of arid and 
semi-arid lands Uvarov [193] states : 

. . . my object is merely to draw attention to the need for 
taking into account its possible hazards among which 
locusts and grasshoppers have already proved to be out- 
standing. These particular hazards can be avoided if they 
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are carefully studied before it is too late. . . . In the typical 
semi-arid country of North Africa, the Moroccan Locust is 
called in Arabic ‘ Djerad-el-Adami’-man’s locust. This 
name is appropriate to most locusts and grasshoppers, as 
it has been man who has encouraged and continues to 
encourage them by short-sighted land usage. 

As might be expected, the Desert and Moroccan 
Locusts have for a long time found in south-western 
Asia the patchy, mosaic type of vegetative cover 
which provides the ideal dual-purpose habitat, for 
oviposition and food/shelter. For example, Thomp- 
son [190] has noted that Egyptian artists depicted 
locusts attacking various plants including the grape- 
vine, a relief depicting Assurbanipal and his queen 
feasting to celebrate the victory over the Elamites 
shows a locust on a palm, an enamelled orthostate 
from Assur at the time of Sargon II shows a dignitary 
with a locust above his head before the God Shamash, 
presumably praying for the removal of the plague, 
Assurbanipal’s library had a text of a prayer for 
keeping them away, and Babylonians used incan- 
tations against them. Thus not only do w e  find 
evidence of the destruction of vegetation at a very 
early date in a time sequence, but also of one of the 
hazards which accompanied that destruction. 

THE BEGINNINGS OF LAND USE 

It m a y  be possible to synthesize information and 
deductions from a number of related disciplines in 
such a way as to define the reasonable state of equi- 
librium which existed between vegetation, fauna 
and m a n  in the days of the hunters and food- 
gatherers [71, 1511. Into this primitive environment 
came what Gordon Childe [4~1] has called the economic 
revolution of food production, ‘the deliberate culti- 
vation of food-plants, especially cereals, and the 
taming, breeding and selection of animals’, the 
greatest economic revolution in human history after 
the mastery of fire, or what Braidwood has called 
the swing from food-collecting cultures to village- 
farming communities [20, 27, 281. 
The great question is when and where this revo- 

lution took place, and agriculture and pastoralism 
began [151]. What type of crop cultivation was the 
first to appear, the planting type which Sauer [167] 
believes to have been the original type and to have 
arisen to provide carbohydrate €oods for the fish- 
eating coastal communities of souLh-eas tern Asia 
(Bengal and Burma), or the sowing type with which 
w e  are primarily concerned in our region of study 
and which many regard as the original type, but 
which Sauer believes developed Inter in climates 
marginal for vegetative planting, i.e., (a) North 
China, (b) from western India and West Pakistan 
to the eastern Mediterranean and involving passage 
from a summer rain to a winter rain cnvironmenl, 

and (c) the highlands of Ethiopia. One may mention 
in passing the case made by Murdock [139] for an 
early centre of culLivaLion in the great bend of the 
Niger River in West Africa. Braidwood [26] finds 
both the south-east Asian and West African cases 
quite reasonable, but reminds us that there is neither 
archaeological nor palaeo-environmental documen- 
tation for their great antiquity. 
Sauer has postulated that neither heavy forest 

nor open grassland was suited to man’s earliest state, 
that his water needs were high and frequent, and that 
he required cerLain cultural skills before he could 
cope with drought-affected regions. 
The earliest homes of our kind are to be sought in tempered 
climes, not heavily forested places, either on the outer 
margins of the tropics or elevated above the rzin forests. 
Such mesothermal climates have opposed rainy and dry 
seasons, with growing and resting periods of vegetation, 
and with times of greater or less abundance of food. . , . 
pleasant places, of mild weather with alternating rainy 
and dry seasons, of varied woodland, shrub and herbs, 
a land of hills and valleys, of streams and springs, with 
alluvial reaches and rock shelters in the cliffs. . . . 
Apparently, in fact, as far as our region is concerned, 
within or on the fringes of the Mediterranean environ- 
ment. If this assumption is true, the first plants and 
possibly also the first animals to be domesticated 
would be those which belonged to that particular 
ecological complex or biome. 
In presenting his basic premises for the origin of 

primitive agriculture, Sauer believes that the ‘basic 
invention of agriculture’ must have been made 
during the last deglaciation, and that: (a) agricul- 
ture did not originate from a growing or chronic 
shortage of food; (b) the hearths of domestication 
are to be sought in areas of marked diversity of 
plants or animals where there was a large reservoir 
of genes to he sorted out and recombined; (c) primitive 
cultivators could not establish themselves in large 
river valleys subject to lengthy floods and requiring 
protective dams, drainage or irrigation; (d) agricul- 
ture began in wooded lands; (e) the inventors of 
agriculture had previously acquired special skills 
in other directions that predisposed them to agri- 
cultural experiments; and (f) above all, the founders 
of agriculture were sedentary folk (Sauer’s belief 
that mobility is incompalible with crop cultivation 
and maintenance does not consider the special desert 
€orm of shifting cultivation practised by migratory 
grazing communities who sow their barley on the way 
to the grazing grounds and harvest the crop on the 
way back to their based). 
Childe [41] refers to Menghin [132] as representing 

the school which holds that domeslication of animals 
and cultivation of plan& were inilialed by dislinct 
groups . 
Domestication would arise among hunting peoples, agricul- 
ture among those already devoted to the collection of roots, 
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seeds and bernes. Mixed farming would only result from the 
fusion of pastoralists and cultivators. Others assign the 
primacy to agriculture; the cultivator could induce wild 
animals to submit to domestication by the food his operations 
guaranteed. The nature of the archaeological record is 
liable to favour the latter view unduly ; herdsmen living 
in tents and using bone tools and leather vessels are less 
likely to leave recognizable traces than cultivators who 
will leave about sickle-flints and querns and very likely 
pot-sherds. (Childe [41].) 

As Wheeler has said ‘many of us were brought up 
to the simple economic succession : hunting-pas- 
toralism-agriculture-civiIization . . but today, 
with accumulating knowledge, the problem is less 
easily solved’. 
Conditions of incipient desiccation are introduced 

as providing a stimulus towards the adoption of a 
food-producing economy, ‘ Enforced concentration by 
the banks of streams and shrinking springs would 
entail a more intensive search for means of nourish- 
ment. Animals and man would be herded together 
in oases that were becoming increasingly isolated 
by desert tracts. Such enforced juxtaposition might 
promote that sort of symbiosis between man and 
beast implied in the word “domestication” [41]. 
One cannot help wondering whether the desiccation 
which is produced by many archaeologists to explain 
various phenomena was real climatic desiccation 
or may not have been an outcome of the excessive 
disturbance of the delicate equilibrium which exists 
in arid zones between climate, vegetation and soil 
by hunters using fire, fuel cutters or primitive grazers 
with their flocks and herds. 
Toynbee [191] has also introduced desiccation into 

his interpretation of the results of the Pumpelly 
expedition of 1903 and 1904 to the Trans-Caspian 
oasis of Anau, the site in the extreme south-western 
corner of the Eurasian Steppe, at the foot of the 
north-eastern escarpment of the Iranian Plateau. 
Here Toynbee finds ‘the challenge of desiccation 
stimulating certain communities which had formerly 
lived entirely by hunting to eke out their livelihood 
under less favourable conditions by taking to a rudi- 
mentary form of agriculture’. The report of the 1904 
Pumpelly expedition states that ‘with the gradual 
shrinking in dimensions of habitable areas and the 
disappearance of herds of wild animals, Man, concen- 
trating on the oases and forced to conquer new means 
of support, began to utilize the native plants; and from 
among these he learned to use seeds of different 
grasses growing on the dry land and in marshes at 
the mouths of larger streams on the desert. With 
the increase of population and its necessities, he 
learned to plant the seeds, thus making, by conscious 
or unconscious selection, the first. step in the evolution 
of the whole series of cereals’. The report also states 
that the agricultural stage preceded domestication 
of animals and thus preceded the nomadic shepherd 

stage of civilization. ‘It is not the hunter with his 
hound but the ci-devant hunter, transformed into 
an agriculturist with his watchdog, who has it in bis 
power to accomplish the further transformation 
which brings into existence the shepherd with his 
sheep-dog. ’ (Toynbee [191].) 
Rivals to Anau as possible near-eastern centres 

for the origins of agriculture are Jericho, certain 
sites in the Tigris-Euphrates valley and surrounding 
foothills (hilly flanks), and the Caspian foreshore. 
W e  do not wish to become involved in the discussions 
between archaeologists as to the merits and partic- 
ularly the relative ages of their own ’pet site’ or of 
the meaning of terms such as urbanization and civi- 
lization, village, city and town [42, 205, 2141, or on 
the relative merits of oases, river lands, hilly flanks 
or coastal sites as the probable place of origin of 
early towns r24]. This review wilI be confined to 
the various ways and sequences in which agricul- 
ture and pastoralism are supposed to have originated 
and to the environment in which this revolution 
may have taken place. 
The excavations at Jericho by Professor John 

Garstang between 1930 and 1935 and the subsequent 
work on the same site by Kathleen M. Kenyon [105, 
106, 1071 have produced evidence which, in the 
latter’s words, have disturbed the neat and tidy 
scheme that existed up to that time of man’s emer- 
gence from Palaeolitbic and Mesolithic savagery 
through Neolithic barbarism to the civilization of the 
metal ages. Kenyon refers to the nomadic hunters 
of the first stage (somehow the use of the term nomadic 
for these pre-grazing days is a little confusing, as 
one usually now associates nomadism with stock- 
grazing communities with no settled home), who 
. . . discovered agriculture and stock-breeding and were thus 
assured of enough subsistence to become settled villagers, 
self-sufficient and unprogressive, but at least no longer 
savages. After long years of this unprogressiveness, the 
eventual discovery of the use of metal led to trade, specia- 
lization, the need for surplus food to feed the traders and 
specialists, the growth in importance of favoured areas such 
as the great river valleys and the development of the villages 
there into towns through the accumulation of surpluses 
and the consequent need for organized rule to control 
them. The theory was reasonable, and what was then known 
about the early village settlements in western Asia and the 
rise of towns and states in the river valleys of Egypt and 
Mesopotamia seemed to fit the facts. A chronology of early 
villages in the later fifth millennium and the growth of 
towns in the later fourth, leading to states in the third, 
seemed to cover what was known. 
The geographical environment of Tell-es-Sultan at 
Jericho must have played a major part in these 
developments in the sixth or early seventh millennium. 
The perennial and copious spring which still rises at 
the foot of the tell would have been a principal factor. 
The present-day contrast between the luxuriant 
oasis and the surrounding country is believed to have 
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existed at the time of the first settlement, that wild 
grains are indigenous to the area, that game would 
have been abundant on the plain, and that the hill 
country on both sides of the valley would probably 
have been rather heavily wooded, since upland 
occupation does not become widespread until the 
urban development of the third millennium. W e  must 
await the reports of the botanists and zoologists with 
regard to the grains and grain-impressions and the 
bones of wild and perhaps domestic animals before 
reaching any final conclusion on the environmental 
background. If, however, there were large enough 
siands of wild, large-seeded Gramineae within easy 
access of a town with an estimated population of 
3,000 people (a very large acreage of natural stands 
would have to be involved, with a probable average 
grain yield of less than 500 kg. per hectare), it is 
unlikely that the Jordan Valley could then have 
been the Saharo-Sindian ecotone which it is today. 
If it were Saharo-Sindian at that time, it would be 
likely that grains of the large-seeded Gramineae 
would have been collected, possibly during an earlier 
food-gathering phase of human development, at 
higher elevations of the Jordan Valley, in the plant 
communities of the Irano-Turanian environment, 
and domesticated and cultivated by later generations 
under irrigation in the valley itself in an environment 
to which they were not naturally adapted. 
The evidence obtained of two successive pre- 

pottery Neolithic towns of Jericho is regarded as 
indicating : 

. . . a very much earlier and very much more rapid develop- 
ment of urban civilization than had previously been sus- 
pected, and this is unlikely to have been confined to Jericho. 
At a time when new knowledge is gaincd almost every 
year (the evidence of Jericho, Mersin, Hassuna, Jarmo 
and Byblos all dates from the last twenty years, and much 
of it from the last ten), there is no reason to suppose that 
new finds do not await us still. I therefore put it before 
you, as a pure hypothesis, that in western Asia there was, 
in the relatively favourable climate at the end of the Pluvials, 
a period of much more rapid development towards settled 
life and the Neolithic stage than has hitherto been suspected. 
The area covered by this may have been small, but I shall 
be surprised if it is limited to the Jordan Valley. What 
secrets are hidden in the cores of the unnumerable tells of 
Syria? Thereafter, increasing desiccation may have given 
an advantage to these groups which had developed a less 
specialized economy; and it is their villages, certainly at 
Jericho, superseding the town, which have hitherto been 
regarded as representing the first beginnings of the Neolithic 
way of life. . . . It bs a commonplace that by historical 
times the great Fertile Crescent, stretching from Egypt to 
Mesopotamia via the Mediterranean coast and the Anatolian 
foothills, is the area of settled populations and growing 
civilizations, encircling a semi-desert and desert core oceu- 
pied by nomads. From the dawn of history and no doubt 
long before, these nomads erupted at intervals into the 
fertile lands. Jericho guards one of the principal routes by 
which the Palestine coast-lands may be reached from the 

east. The arrival of new groups there reflects the process 
of penetration into Palestine as a whole. 

Let us turn to what Gordon Childe calls the colo- 
nization of Mesopotamia, a region much less homo- 
geneous geographically than Egypt and which was 
much more exposed to invaders from the surrounding 
areas in the Zagros Mountains and Iranian Plateau, 
north Kurdistan and Armenia, and the Arabian 
Desert. The alluvial stretches on either side of the 
great rivers of Babylonia were, according to Childe [41], 
even less self-sufficing than Egypt. The timber and 
stone for building and even the material for the 
simplest tools had to be imported. 
The prehistoric settlements in northern Syria 

and Iraq outnumber historic settlements by five 
to one, and there was a decline in population from 
2500 B.C. onwards until irrigation had become a 
common practice [130]. Childe states, however, that 
since the Bora and fauna depicted on the earliest 
pictures and monuments are those appropriate to 
an arid climate such as exists today, w e  may safely 
disregard any claims that there is archaeological 
evidence of climatic change. The land has, however, 
changed considerably even in historical times. 

The deposit from the two rivers is still silting up the head 
of the Persian Gulf so rapidly that on one estimate the 
coastline advances about 13 miles a century. In the seventh 
century B.C. the Kerkha, which now loses itself in the sands 
and marshes above Basra, debouched directly into the 
Persian Gulf; Sennacherib had to sail 160 km. from the 
mouth of the Euphrates to reach its estuary. At the begin- 
nings of historical times a series of tidal lagoons extended 
inland almost to the foot of the limestone ridge on which 
stand the ruins of Eridu, the first royal city of Sumerian 
tradition. The land of Sumer must have been a region of 
swamps such as subsists today around Basra, where date 
palms grow wild. Since then the deposit left by the inun- 
dation has been steadily raising the level of the land till 
today, even at Kish, the surface of the plain lies 25 feet 
above 'virgin soil ' . 
Account must, however, be taken of the subsidence 
of the delta floor, which is almost exactly equivalent to 
the rise in surface level, The earliest settlement is just 
at sea level-the plain today is 14 feet above sea level. 
This colossal silt load of the Tigris and Euphrates 

deserves critical consideration. H o w  long has it 
been a characteristic of these rivers, and has there 
been a progressive increase or a periodical fluctitation 
in the load? To what extent does or did it represent 
the effect of rainfall of high precipitation/frequency 
on very erodible soil types, or the effect of the clear- 
ance of forests and the cultivation of the soil in the 
upper reaches of the catchment arca, or a combi- 
nation of both? The relative importance in this 
respect of the Tigris and Euphrates and their tribu- 
taries on the one hand, and the Kerkha and Karoun 
is indicated in figure 9 from Birot and Dresch [il] 
(but see below, page 92). 
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Sumer cannot have been, according to Childe, the 
scene of the ‘Neolithic Revolution’; links wilh the 
Old Stone Age cannot be expected in this new land. 
Its first inhabitants must have come from elsewhere, from 
older land, perhaps the steppe zone to the north-west or 
the mountains to the east, where urial, mouflon and goat 
roam wild and where cereals reputedly grow spontaneously. 
Now the culture of the earliest agricultural colonists of 
Sumer is, in fact, duplicated in many farming villages from 
the foothills of Assyria westward across the Steppe to the 
Euphrates. But in the north these villages occupy the sites 
of earlier settlements, disclosing a culture that is presumably 
prior in time, if not ancestral, to the oldest culture of Sumer. 
It is accordingly legitimate to begin our survey of Meso- 
potamian origins in Assyria and Syria. That region is at 
least a possible cradle for stock-breeding and agriculture. 
In the fifth and fourth millennia it was certainly no desert 
nor treeless steppe but rather a parkland; even in the 
second millennium plenty of trees grew there. Perennial 
streams and springs were relatively abundant, but not 
unlimited as in temperate Europe. So permanent settlements 
were restricted and remained continuously occupied from 
prehistoric to historie times. 

So w e  come to the excavation by Eraidwood [25, 
27, 401, in the upper reaches of our catchment area, 
of a series of superimposed hamlets at Jarmo in the 
intermontane valley of Chemchemal in Iraqi Kurdis- 
tan, which would appear to be very near the beginning 
of food production. Agriculture is proved by Lhe 
occurrence of grains of wheat or barley, querns and 
sickle-teeth, while most of the animal bones are of 
sheep or goats, oxen, pig and dog. Braidwood [25,228] 
has presented a review of the evidence relating to the 
change from the food-gathering to the food-pro- 
ducing stage, and describes the nature of the incipienl 
cultivation found at Jarmo, with radiocarbon ages 
ranging from 6,606 f330 years to 11,240 I300 years. 

Childe [41] states, however, that no archaeologist 
can say that Jarmo reveals the starting point of the 
established sequence of Mesopotamian cultures, nor 
even that it is earlier than Hassuna or Samarra. 
H e  therefore concluded that the Hassuna site in 
Assyria west of the Tigris (see [125]) may not illus- 
trate the very ñrst steps in food production, but that 
it is certainly nearer thereto than anything yet 
known in the Tigris-Euphrates valley. The develop- 
mental stages in ancient Mesopotamia and the relation 
between agricultural and other historical events have 
been summarized by Adams [il as follows : 

Developmental eras in Ancient Mesopotamia 
Terminal food-gathering : A hunting gathering adaptation 

based on small, non-sedentary groups. Known mainly 
from caves in foothills, but may have occupied open sites 
as well. 

Incipient agriculture : Small semi-sedentary communities 
in hilly uplands acquired basic agricultural techniques for 
settled life. 

Formative : Adoption and spread of typical upland village 
subsistence pattern, and perhaps also of its corresponding 

forms of social organization. Sedentary agriculture with 
diggingrstick and hoe cultivation of wheat and barley, 
domestication of sheep, goats and probably cattle, ceramics. 
Communities remained small and relatively uniform in size 
and composition, but increased in number, spreading into 
the alluvium with the introduction of irrigation techniques. 

FZorescent: Emphabis shifted to the lowlands with the 
development of plow-irrigation agriculture. Expansion 
of technology and appearance of full-time craft specia- 
lization; introduction of potter’s wheel, cart and chariot, 
sail, copper metallurgy, early phases in the development 
of writing. Rapid growth in concentration of surpluses, 
largely in hands of priestly hierarchies, with consequent 
building of monumental religious structures in town- 
urban centres. Beginnings of warfare. 
Dynastic : Separation and institutionalization of secular- 

political and religious economic controls in true urban 
centers . . . the appearance of kingship and the city-state. 
Emphasis on fortifications and growing importance of 
warfare, culminating in Sargonic conquests. Slow growth 
of private capital in trading and manufacturing, but at the 
end of the era temples probably still dominated the economic 
life. Rationalization and expansion of handicraft production; 
bronze metallurgy, refinement of cuneiform script. 

Having dealt on the one hand with Mesopotamia and 
on the other with Palestine and its Tell-es-Sultan 
at Jericho and its many caves in which primitive and 
not yet settled farmers could shelter and store their 
food, there remain the intervening areas, the parkland 
steppe of northern Mesopotamia comprising Assyria 
and North Syria and the hill country immediately 
to the west. of the Euphrates, including the Orontes 
Valley and the Phoenician coastlands. 
The steppe zone north of the Sinjar range was a 

main artery of communication between east and west. 
However, a relatively reliable rainfall, adequate 
supplies, permanent water, stone and timber and 
proximity to deposits of obsidian and ores permiLted 
the survival of small but viable economic units 
with little pressure to concentration of population 
and economic consolidation. The written record 
begins here seven centuries later than in Egypt or 
Sumer. 
Over the narrow belt of high ground that divides 

the Euphrates from the Mediterranian drainage, 
w e  find that the Amanus and Lebanon ranges tap 
the moisture-laden depressions from the west. So 
with winter cereals, fruit trees and vines, the Orontes 
valley and coastal plains could support a substantial 
population based on fishing, cereal growing and 
stock breeding, combined where appropriate with 
orchard cultivation. Again the beneficial conditions 
would not demand any concentration of the popu- 
lation. Judging by the great depth of its deposits, 
especially at Mersin, the Levantine Neolithic culture 
must have lasted a very long time and must rival 
in antiquity anything known in the Nile Valley or 
Mesopotamia [481]. It may indeed prove to be de- 
scended from the Natufian or some other local Meso- 

Fertility cult’, small shrines. 
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lithic culture, as it is believed that its province offers 
the botanical and zoological conditions for the Neo- 
lithic revolution. 
And so to return to our starting point, the Caspian 

arca and its claims also to have been an important 
centre for the origins of agriculture. Coon [45] 
believes that the best place to look for the beginnings 
of agriculture is not at the bottom of mounds, but in 
caves. The earliest agriculturists were cave-users 
when caves were available. Particularly before they 
had begun to raise cereals these people may have 
practised slash-and-burn agriculture. Coon postulates 
that aiter ringing the trees of a few acres of forest and 
allowing the wood to dry out, they would burn them 
and plant some unspecified crop in the soil around 
the stumps. After a few years the underbrush would 
have become so dense that it would be easier to move 
on to a new spot-thus w e  have a from of nomadic 
or shifting cultivation, with people not remaining 
long enough at one site to produce a mound. 
In 1949 and 1951, an expedition of the University 

of Pennsylvania dug a site in northern Iran called 
Belt Cave, which contained a sequence of cultures; 
at the bottom dated at 9530 B.C. k550 was a Meso- 
lithic level with many seal bones and every evidence 
of a wet climate. Next came a dry climate Mesolithic 
culture, dated at 6620 B.C. k380, in which the gazelle 
was the dominant animal. After this came the begin- 
ning of the Neolithic, with domestic goats and sheep 
but no pottery, date 5840 B.C. k330. Somewhat 
later, 5330 B.C. f260, the people had begun to make 
pottery and to reap grain (a finding doubted by some 
authorities) as well as to keep pigs and, a little later, 
cows. It is on the basis of this evidence that Coon 
considers the most likely place in which to look for 
the beginnings of tillage and animal husbandry is the 
narrow belt of land lying between the Elburz Moun- 
tains and the southern shore of the Caspian Sea. 
This prehistoric Côte d’Azur, playground of the 
Mesolithic idle rich, had fertile black soils, heavy 
rainfall, mild climate with only rarely frost or snow, 
abundant wild fruits, the sea full of fish and sturgeons 
spawning surplus caviar in the streams, brush alive 
with pheasants and grouse, swampy lagoons with 
ducks and geese, and on the mountainsides, red deer, 
boar, wild sheep and mountain goats, quite a contrast 
to the tough retreats from desiccation in Jericho, 
Jarmo and Hassuna. 
At the other extreme in the aridity scale and much 

later in our time sequence w e  have the agriculture 
of the Nabataeans in the Central Negcv, based 
primarily on the efficient conservation and use of 
run-off water. The elevated mountain ridges north 
and west of Makhtesh Ramon as well as the adjoining 
escarpments running north and west form an enclave 
of Irano-Turanian vegetation, with poor or fair 
Saharo-Sindian at lower levels. Under an average 
annual rainfall, probably of 100 to 150 mm., it m a y  

reasonably be assumed [225] that Lhe ancient inhabi- 
tants of the Negev maintained a relatively stable 
form of agriculture by harnessing run-off water for 
the irrigation of their fields. The ebb and flow of 
history is difficult to follow in the absence of the 
usual tells. W a r  tended to be total: ‘And he took 
the city and slew the people that was therein, and 
beat down the city and sowed it with salt’ (Judges 
IX. 46). The scouts of Moses probably found the central 
Negev as desolate as it is today [76, 103, 171, 1851. 
Cultivation was confined to valleys, which were 

covered by loess and were conveniently situated 
topographically for the use of run-off water as supple- 
mentary irrigation. This harnessing of water was 
achieved through the erection of elaborate systems 
of dams and terrace walls. It seems probable Lhat 
winter cereals sown in these ancient fields grew 
well even in rather dry years; fruit trees seem also 
to have been cultivated, to judge from isolated speci- 
mens occurring today and the remnants of wine 
presses. The Central Negev is a clearly demarcated 
agricultural unit, distinct from the desertic southern 
Negev, and also from the northern Negev, which 
appears always to have been an area of unsettled 
extensive dryland agriculture. 
It was originally believed that these agricultural 

achievements were characteristic of the Nabataean, 
Roman and Byzantine civilizations, but Evenari 
and others [64] have found remains of civilizations 
which preceded the NabataeanIByzantine periods 
(c. 200 B.C. to A.D. 600). These earlier remains fall 
mainly into two periods: (a) Middle Bronze Age I 
(about 2000 B.C.); (b) Israelite period (111)-the period 
of the Judaean kings (about 850 to 600 B.C.). The 
agricultural features were dated according to the age 
of the following structures : buildings associated with 
the agricultural areas ; forts and guard-posts which 
protected them, and routes along which the ‘farm 
units’ were built. 
The Judaean kingdom built by David and Solomon 

had many colonies in the Negev (see reference to 
King Solomon’s copper mines, p. 80). The cities of 
Solomon were destroyed by the Babylonian invaders 
in the sixth century B.C. and the Negev again became 
a wilderness occupied by Bedouins. About the second 
century B.C. the Nabataeans moved in from Arabia 
and built a thriving civilization made possible by 
thousands of water-storing cisterns, some still water- 
tight, and cleared the hilltops of stones to make 
rain-catching areas. Still later, the Byzantines used 
the same successful methods until the Muslim conquest 
of the seventh century A.D. once more laid bare the 
country and returned it to the nomadic Bedouins. 
Throughout the history of our region, we find a contin- 
uous struggle between the desert and the sown, 
‘. . . along some Strip of Herbage strown That just 
divides the desert from the sown’ (Omar Khayyam) 
where took place lhe eternal struggle between nomad 
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and peasant, between desert and civilizations even 
at such places where no literary documents have been 
found (Reifenberg, [163, 1641). Elsewhere w e  give the 
example of Palestine through the centuries and refer 
to the vulnerability of the Tigris-Euphrates basin as 
compared with the Nile valley. 
Hans Bobek [15] also refers to increased pressure 

by nomads and semi-nomads on the settled commu- 
nilies o€ irrigated regions in Iran, although he does 
not consider that this is due to the deterioration of 
condition of the grazing lands. Bobelr gives some 
examples of historical cultural regression in various 
parts of Iran : (a) the Fars, the heart of Achaemenid 
and Sassanid Persia, a typical example of a tract 
where decadence cannot be due to a deterioraiion of 
natural conclitions, and which can still be regenerated; 
(b) various parts of the Zagros, inhabited from 
prehistoric times to the Sassanid or even the Muslim 
era, where degradation is again due to historical 
causes; (c) the vast area of the ruins of Susa, etc., 
where there is no insurmountable technical obstacle 
to reclamation; (d) the Mughan Steppe (Azerbaidjan) 
and Atrek (Gorgan), until recently inhabited by 
nomads, but which are covered with ruins from 
prehistoric, classical and Islamic times, and ase also 
reclaimable; (e) Seistan, the old Iranian cultural 
nucleus, where the decrease in cultivated land seems 
to be connected mainly with the deterioration of 
irrigation systems, aggravated by considerable fluc- 
tuations in the volume of the Hilmand River, which 
Bobek believes may be due more to small climatic 
variations than to deforestation itself. 

Soil degradation, very pronounced in certain local- 
ities, e.g., in Mazanderan, would seem to be at least 
balanced by the expansion of the cullivated area and 
does not appear to have led to aregression in population 
numbers. To the question: Can other causes for the 
abandonmen1 of cultivaled land be found? Bobek’s 
reply is in the affirmative; they are sometimes domina- 
tion by the nomads, and sometimes social and economic 
conditions. Domination by nomads was certainly 
the decisive factor in Balucbistan, Fars, the marginal 
areas of the Zagros, the steppes of Mughan and Atrek, 
as well as other parts of Khorassan and many parts 
of the Elburz. The sedentary population retreated 
before the nomad groupes-Seljuks, Turkmens, Afjars, 
Mongols, Uzbeks, Qajars, Baluchis and Arabs. The 
appearance of the nomad warriors, riding first horses 
and then camels, occurred during the last centuries 
of the second millennium B.C. During the first centuries 
of the first millennium, they are followed by Iranian 
horsemen, in the ninth century B.C. by Assyrians. 
The countless polychrome potsherds of the agricul- 
tural civilization found throughout the Iranian 
Plateau witness the retreat of the sedentary population 
during the second millennium B.C. A second human 
cause has also played a role, namely, the feudal social 
and economic structure, with its oppression of the 

peasant and thus a tendency towards the abandon- 
ment of settled life. Bobek [is] concludes : 

It cannot be denied that over thousands of years the cumu- 
lative effect of destructions of the original plant cover has 
led to a degradation in natural conditions. However, this 
applies mainly to the extensively used regions and has had 
hardly any influence on the major regressions in civilization 
and the great depopulation waves attested in history. 
The latter are indeed to be attributed mainly to the histo- 
rical and social causes mentioned ahove, among which 
brutal domination by nomad groups and oppression by a 
corrupt administration are the major factors. On the other 
hand, these conditions have contributed to further depra- 
dations of natural resources and, through the abandonment 
of cultural practices (irrigation), to additional deterioration 
in the general conditions of the country. 

Also under the heading of Lhe origins of agriculture, 
it is appropriate to consider the origins of the different 
cropping systems which are still characteristic of the 
various parts of our region. To judge from the early 
references to the need to maintain the fertility of 
cultivated soils, io Lhe value of fertility-maintaining 
rotations incorporating leguminous crops and related 
matters, it appears obvious that our early farmers 
did the best they could to adopt suitable cropping 
systems. The change from the original system of 
shifting cultivation, in which a patch of wooded land 
was cleared by burning and cultivated for as long 
as it retained its fertility, to the basic cereal-fallow 
system characteristic of low rainfall conditions, with 
a Mediterranean or similar type of climate, was 
probably made at a very early date. 
With the early advent of irrigation in the valleys, 

now supplementing the renewal of fertility by the 
annual deposition of silt, it became possible to till 
the same ground for generations. It should be realized, 
however, that much of the soil structure, both under 
irrigated and dryland conditions, has long been lost. 
Be that as it may, the early farmers were able or were 
obliged to adopt improved methods of tilling the soil 
on the wider expanses of flat and fertile soil now 
available to them. Woolley [215] notes that the 
primitive method of sowing by dropping the seed 
into holes dibbled into the ground with a pointed 
stick gave place to hand furrowing, which continued 
for a long time; the settlements of the Al’Ubaid people, 
the first immigrants into the Euphrates valley, are 
marked by the vast numbers of heavy flint hoes which 
litter the site. The wooden or nail plough brought 
about the change from plant cultivation to field 
tillage. The date of its first appearance cannot be 
determined, but Woolley states that the ox-drawn 
plough was in use in Mesopotamia by 3000 B.C. and 
perhaps long before that. The plough actually occurs 
as a pictograph in the earliest known tablets from 
Mesopotamia, probably several hundred years earlier 
than 3000 B.C. It is not possible to credit any parti- 
cular country with this invention. 
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The larger harvests which were now obtainable 
demanded an improvement in the method of reaping. 
In the upland clearings the thin crop had been gathered 
by hand, generally roots and all, still by no means 
an unusual practice in these regions. The earliest 
sickles, flint flakes mounted in a straight wooden bar, 
were found on Mount Carmel; denticulated and plain 
flint blades were fitted into curved wooden sickles 
with the aid of biLumen both at Hassuna and Jarmo; 
in Mesopotamia the same principle was employed, 
but the handle might be of baked clay. Woolley 
refers to a curious alternative found on sites of 
village settlements of the Al’Ubaid period-terra-cotta 
sickles with a sharp cutting edge, the clay fired so 
hard as to be not infrequently vitrified. The Uruk 
people introduced the copper (or bronze?) sickle. 
W h e n  metal was so rare and expensive, worn metal 
tools would not be thrown away, but would be 
melLed down and recast. ConsequenLly it is not 
surprising that the earliest metal sickle recorded 
from Mesopotamia dates only from the Early Dynastie 
times. To judge from documents of that period, 
metal remained too expensive to be used for tools 
by the ordinary peasant, and denticulated flint sickle 
blades remain common on all sites up to the middle 
of the third millennium B.C. 
The history of cultivation practices has been review- 

ed by Russel, who concludes that tillage originated 
in Iraq The oldest human record is in the traditions 
of the descendents of Abraham oî Ur, as recorded 
in the Bible. The earliest tillage that can be confirmed 
on the basis of relicts was at Jarmo in the Chemche- 
mal valley. The discovery there of hand sickles made 
of stone leads one to presume that they were used 
for harvesting grain, that the grain was probably 
cultivated, and that cultivation presumes tillage. It has 
been noted, however, that the presence of stone sickles 
on Mount Carmel is taken to indicate that wild grasses, 
not necessarily cultivated crops, were harvested. 

Russel believes that the first digging would have 
been done with sharp pointed or sharp-edged stones, 
many of which were found at the site. Tillage in 
Iraq is divided into three types : Jarmo tillage; tillage 
in other upland plains to 4500 B.C.; and tillage of the 
lowland plains to 3800 B.C. The first Sumerian 
ploughs were made from the forks of trees, probably 
tamarisk because of its toughness and hardness. 
At one stage the Sumerian plough had a tube extend- 
ing downwards behind on the handle through which 
seed could be dropped from a funnel on the top. 
The plough was not the only tillage tool of the Sume- 
rians. One record contains an involved dialogue 
between a plough and a spade as to which of the 
two should be most respected. In the end the spade 
wins on the basis that iL has more good uses : loosening 
soil, digging ditches, cleaning canals, mixing mud 
for bricks, etc. The design of the spade of Sumerian 
times was almost exactly the same in principle as that 

used by Iraqis at the present day, the only difference 
being that the modern one is made of iron, the ancient 
one of wood first and then bronze. The Sumerian hoe 
probably originated before either the spade or the 
plough. There are a few references LO a drag implement 
which translators have called a harrow, perhaps 
incorrectly as it was apparently merely something 
which was dragged over the soil to smooth it and 
make it fine, as is the practice throughout India at 
the present day. One notable fact about Sumerian 
tillage is that it was considered a dignified pursuit. 
Russel discusses a period which he calls ‘the dark ages 
of Iraqi tillage’ from 1600 B.C. to A.D. 636. 
In the course of the Bronze Age, the agricultural 

economy of the ancient world assumed, according to 
Woolley, the form which it was to retain with very 
little change until mediaeval if not until modern times. 
By 1200 B.C. the people had selected and developed 
the best-adapted types of cereals; the methods and 
the tools would be used for at least another millen- 
nium, the only change being that iron would soon take 
the place of bronze. All the domestic animals of the 
present day were already serving man, although the 
horse was limiLed to the war chariot. The fig, apple, 
pomegranate, peach and mulberry were cultivated 
and dates were the most important product of southern 
Mesopotamia. The markel gardeners produced a 
considerable variety of vegetables. Although flax 
was a major crop in Egypt, wool was generally 
preferred for clothing in the colder winters of Mesopo- 
tamia, and flax was of secondary importance. Cotton 
growing did not spread from India to the west or the 
east until much later. 
The earliest settlements, both on the Anatolian 

Plateau and in the Aegean province [126], must 
be correlated chronologically with the tail-end of the 
Mesopotamian Chalcolithic (Hassuna, Samarra, Tell 
Halaf, Al’Ubaid, Uruk and Jemdet Nasr), and can 
be considered as a kind of ‘Indian summer’, perhaps 
even post-dating its termination in lands further to 
the south. When one reads Lloyd’s account of the sites 
preceding, contemporaneous with, and subsequent to 
the Hittite period, one obtains little idea of the envi- 
ronmental background of events and ways of life 
from ‘early’ and ‘late’ Neolithic (Mersin) and Chaleo- 
lithic onwards, that is, before the second millennium 
B.C. when the Hittites were at their peak. These 
people were mainly devoted to agriculture and cattle 
raising under a strict military and polihical adminis- 
tration [78]. The principal food crops were barley 
and emmer wheat, produced for flour, breadmaking 
and Lhe brewing of beer. Cereals, wine and oil were 
staple products; the olive flourished in the Mediterra- 
nean environment in Melitene and on Lhe Pontic 
coast, but naturally not in the continental climate 
of the plateau; almond oil may also have been 
used [154,]. Peas and bean are mentioned occasionally 
and flax may have been grown locally as it is today. 
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There is also mention of ox, horse, mule, ass and pig. 
W e  have lists of fields and elaborate title-deeds 

containing inventories of estates which were appar- 
ently of considerable size. Legal tablets found at 
Boghazköy refer to detailed legislation concerning 
land tenure, offences in connexion with vineyards and 
orchards, and relating to canals. There were penalties 
for setting brushwood on fire. There must have been 
a considerahle drain on the natural vegetation to 
provide fuel for the iron-smelbing in which these 
people were pre-eminent [157]. The smelting was 
probably done in winter when the peasants were not 
occupied in the fields. 
Thus the over-all pattern of land use was laid down 

at a very early date, and the wars, invasions and rise 
and fall of dynasties and civilizations which followed 
merely caused relatively slight changes in that 
pattern, (although Jacobsen and Adams [loo] suggest 
a cumulative change in the character of the irrigation 
régime between early and mediaeval times), generally 
in the direction of deterioration of the land resources 
in their widest sense, and in the increased impove- 
rishment of the peasantry over w h o m  the successive 
waves passed and from w h o m  was demanded the 
taxes and the share of their crop. A profitable aspect. 
for further study and review would be the complex 
systems of land tenure and ownership which, coupled 
with land taxation, governed the extent to which the 
cultivators could afford to practise good farming or 
were inclined to accept responsibility for the conser- 
vation of natural vegetation or the maintenance of 
fertility of cultivated land [44]. This introduces 
complex legal questions, from the Laws of Moses 
and the Code of Hammurabi to the Ottoman Land 
Code [68] and subsequent developments. Brunhes 11321 
has described the distinction and relations between 
the cultivator and the shepherd which are a predom- 
inant characteristic of the region and the background 
for the conslant rivalry between the desert and the 
sown. Lambton [118] has reviewed very thoroughly 
the history of the relationship between landlord and 
peasant in Iran. FAO organized a Centre on Land 
Problems in the Near East in Iraq in October 1955 
[69]. Klat [lo91 has reported on the origins of land 
ownership in the Syrian Province of the United 
Arab Republic, the outcome of a long process of 
evaluation based essentially on the Islamic conception 
of immovable property; the same author has discussed 
the social and legal bases of the musha (nearest equi- 
valent ‘ communal ’) holdings and land fragmentation 
in Syria and has referred to the writings of Haidar [80], 
Mounayer [137] Latron [120], Weulresse [202] and 
Poliak [156]. 

FIRE, FUEL AND TIMBER 
The burning of natural vegetation, the cutting of 
trees, secondary growth and scrub for fuel [82], and 

the felling of timber for building houses, temples 
and ships have all played a very important role in the 
history of land use in the region (for a figure indicating 
the earliest evidence of the use of fire in the major 
provinces of the Palaeolithic world, see Oakley [148l]). 
Anthropologists and geographers have long recognized 
the making of fire as a culture trait, ranking with the 
manufacture of stone implements as ‘the cultural 
achievements recorded in ancient strata of the earth 
as indicators of the beginning of humanity’ [182]. 
The following mixture of quotations from Stewart 
and Sauer [168] will indicate thc status of knowledge 
on this aspect at the present time. 
The unrestricted burning of vegetation appears to be a 
universal culture trait among historic primitive peoples 
and therefore was probably employed by our remote ances- 
tors. Archaeology indicates that extensive areas of the Old 
and New Worlds were being burned over ten thousand 
years ago. It is logical to assume that some of the reasons 
which motivated historic and Neolithic men would also have 
motivated our remote ancestors to set vegetation on fire. 
One may conclude that fire has been used by man to influ- 
ence his geographic environment during his entire career 
as a human. Furthermore it is impossible to understand 
clearly the distribution and history of vegetation of the 
earth’s land surfaces without careful consideration of fire 
as a universal factor influencing the plant geography of the 
world. 
Through all ages the use of fire has perhaps been the most 

important skill to which man has applied his mind. Fire 
gave to man, a diurnal creature, security by night from 
other predators. Hearth and home are still synonymous. 
About the fireside the last duties of the day are done, 
the events of the day reviewed and the morrow planned. 
The ñreside was the beginning of social living, the place of 
communication and reflection. 
Feeding the fire, man learned wood-working, how to point 

a shaft, hollow out a vessel, and thus later to make a boat. 
Above all, ñre provided ways of experimenting with food. . . . 
Cooking by dry or moist heat long preceded boiling. Hearths 
on top of the ground and cooking pits dug into the ground 
are both very ancient. . . . Fuel always is in major demand. 
Through the ages, man has moved more ton-miles of fuel 
than of any other commodity, whatever his cultural level. 
Where he lived on sea coasts and river banks his stock of 
driftwood might be replenished perennially. Elsewhere man 
found in time that his fuel consumption exceeded the natural 
rate of supply, which was mainly dead stuff fallen to the 
ground. Also he was, early, a user of bark and bast and thus 
came to know that a tree with its phloem destroyed died. 
He acquired therefore the basic knowledge necessary for 
keeping up his wood supplies and also for clearing ground 
by deadening trees rather than by felling them. As profes- 
sional camper, he chose his camp first by water, next by the 
available fuel. . . . . Everywhere that man travelled, he made 
campfires and left them to ignite any and all the vegetation 
in the vicinity. Campfires of a sparse population might 
not do much igniting in many regions. In flat country 
which dried out at certain seasons, and where strong winds 
occurred with the drought, a few abandoned campfires 
might influence the vegetation of a large area. 
In the absence of any over-all review of the actual and 
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possible influences of fire in the land use pattern of 
the Near East, one can merely malcc deduciions from 
other data from the region, or sLudy the use of fire 
by modern native cultures as an indication of what 
might have been common practice in our own time 
range. In doing so, we must realize that although 
it would obviously be unlikely that the present 
sparse degraded types of vegetation would provide 
conditions for the rapid movement of natural fires, 
this was probably not always the case. ‘Hunting and 
gathering folk hundreds of thousands of years ago 
may be presumed to have developed many of the 
techniques for exploiting the natural environments 
which people at the hunting level of culture still 
employ.’ [182]. Thick forests and dense jungles of 
brush were of little use to the hunter and food collector 
and he would have burnt them to create a better and 
safer environment of widely spaced trees and grassland 
plains. H e  would also have used fire to rouse or drive 
game. When m a n  became a grazier, he would have 
burnt grasslands and forests, particularly Medi- 
terranean maquis, to produce new green growth and 
to keep the scrub from becoming dominant. Broadcast 
burning may have been adopted to increase the 
yield of seeds of wild grasses and herbs collected for 
food. ‘I a m  aware that some scholars appear reluctant 
to grant that the hunters and collectors had any 
influence on the geographic environment. . . . 
Notwithstanding the increase of open lands in Europe, 
brought about by cultivation, fire as a tool without 
agriculture should not be minimized. ’ (Stewart [182].) 
Whatever may have been the impression made upon 

the Near East as an outcome of the land use of these 
primitive pre-agricultural peoples, there would appear 
to be little doubt that the landscape was greatly 
affected by the activkties of subsequent cultures. 
Where slash-and-burn was adopted as the basis for 
shifting cultivation and when graziers burnt vast 
areas of plains or whole mountainsides, the cxtcnt 
and frequency of destruction of the natural vegetative 
cover and its deterioration to lower ecological levels 
must have been major factors in the developing use 
of the land. The situation in the cenlral and eastern 
Mediterranean region as described by Semple [170] 
was a common characteristic for periods much earlier 
than the Roman with which she was concerned. 
W e  must also consider the long-term destructive 

effects of the scorched-earth method of defence used 
in war, for example, in the retreat of the Scythians 
before the army of Darius (Herodotus [92]) or the 
retreat of the Berber Queen across North Africa in the 
face of the Bedouin invaders from Arabia. Much more 
recently, sections of armed forces were surrounded 
and burnt out in the Turkish-Greek wars in the 
Anatolian Plateau. 
But much more continuous and of much longer 

duration has been the constantly increasing demand 
for fuel for centres of population to which reference 

has already been made, a demand for ever greater 
production of a wider variety of products requiring 
progressively higher temperatures-domestic fuel, 
charcoal, poor and high-qualiLy poLiery, metals and 
bricks. It is only necessary to remember that Erech 
covered 1,100 acres, that a reliable archaeological 
assessment of the size of ancient Babylon puts it at 
2,4970 acres and that Woolley claims for Ur an arca 
of 1,450 acres and a population of a quarter of a 
million people (calculated on the basis of 150 persons 
per acre in Aleppo and Damascus). Hans Bobek and 
Robert M. Adams do not accept wo6lley’s estimate, 
but nevertheless early centres of civilization of 
anything approaching this size must have demanded 
many donkey and camel loads daily of wood and 
brushwood from the neighbourhood to supplement 
straw as fuel and maintain the population and their 
industries. 
The admirable poLLery described by Childe [41] 

was fired in proper kilns, fragmentary remains of 
which have been found at Arpachiya and Carchemish, 
and in which a firing temperature as high as 650’ C. 
was sometimes atlained. The use of still higher tempe- 
ratures for the smelting of copper was already a 
characteristic of the second millennium B.C. To smelt 
copper from the ore a relatively low temperature, 
700’-800’ C., is needed in the reducing atmosphere 
of a closed kiln such as that used for primitive pottery- 
making. The transition from a closed kiln to a smelting 
furnace involves no great mental labour, and it is 
therefore not surprising that evidence of the earliest 
copper smelting should be found among the makers 
of painted pottery. But the melting of copper when 
in metallic form so that it can be cast requires a much 
higher temperature, 1,085” C., which could be reached 
only in a more advanced type of kiln than would 
produce the heat necessary for smelting of the ore. 
For a considerable time, copper must have been 
worked by hammering and cutting only, whether from 
the natural metal or from metal smelted from ore, 
and the further development of furnace types seems 
to have taken place in Mesopotamia. Piggott [153] 
believes that, by the time the earliest agricultural 
communities were being founded in the Indus Valley, 
it is unlikely that the lack of copper tools in them 
means anything more than poverty, and that their 
‘stone age’ was forced on them by sheer lack of 
purchasing power (see also [6, 291). 
In 1937, Nelson Glueck led an expedition of the 

American Schools of Oriental Research through the 
Negev to Wadi Araba, found copper ores in the soil, 
and at Tell-el-ICheleifeh, near Akaba, smelting kilns 
of a highly developed kind which used the prevailing 
winds down the Wadi Araba to produce the neces- 
sary draught. This centre, probably the largest in 
the Near East, dates from 1000 B.C. in the time of 
Solomon. What fuel could have been used in this 
region, now almost devoid of any cover? In his more 
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recent book, Rivers in the Desert, Glueck [76] states 
that today Israeli miners are exploiting copper lodes 
that Solomon’s men passed over as too lean for their 
primitive smelting methods-could it have been rather 
that they had exhausted their meagre local fuel 
supplies? Near Gaza, Flinders Petrie found what 
were first thought to be iron smelters with kilns 
of the same type, only smaller [104], but these are 
n o w  taken to have been for the melting of pig iron 
and not for the smelting of iron ore; they are black- 
smiths’ furnaces [215]. Before the time of David, only 
the Philistines produced iron, having brought the 
secret with them from their successful invasion of the 
Hittite Empire, which until then had had a monopoly. 
In addition to this continuous drain on the land 

for purposes of fuel collection, w e  have the felling of 
trees in the former extensive forests of The region 
for the construction of buildings, and ships of various 
types and sizes for warfare or commerce by sea and 
river. The Phoenicians must have used a great deal 
of their forest resources to build their navies and 
mercantile marine, and for export to Egypt. In 
exchange for the cedar and pine to build his temple, 
Solomon granted Hiram, King of Tyre, the right 
to use Elath in the Gulf of Akaba, thus providing him 
with an outlet to the Red Sea. As there were only 
palm trees in the area, Hiram had to send the 
timber from Tyre, enough to build ten ships, carried 
on the backs of 8,000 camels. There are also reports 
that the commercial products from the upper reaches 
of the Tigris and Euphrates were transported on 
rafts made of newly cut timber, which was used for 
building purposes at the port of arrival. The boats 
made on the lower reaches were constructed of willow 
and skins because of the scarcity of other timbers. 
The ruins of cities and temples do not generally provide 
enough evidence of the extent of the use of timber 
for roof-trees and other purposes. These timbers 
would either be burnt in the general destruction of an 
early site by invaders, or would be carried off by 
nomads to provide fuel. 
So, for these reasons combined with the clearance 

of land for cultivation, the forest resources of our 
region were dissipated unwisely, and on a vast scale. 
The bald mountains and foothills of the Mediterranean 
littoral, the Anatolian Plateau and Iran stand as 
stark witnesses of millennia of uncontrolled utiliza- 
tion, and there is still little sign that the lessons of 
history have been read and understood or that the 
opposite trend in land use has yet arisen, 

DOMESTICATION OF CROPS 

It may be said that the co-operation between archaeo- 
logy and agricultural botany began in the second 
half of the nineteenth century, with Alphonse de 
Candolle [38] who, according to Hans Helbaek, 

based his reasoning on Oswald Heer’s account of the 
discovery of pile dwellings in his Pjlanzen der Pfahl- 
bauten [84]. D e  Candolle considered that it should 
be possible to arrive at a theoretical definition of a 
wild type of a cultivated plant by deducting all the 
characters for which the crop plant is cultivated; 
it would then be possible to search for the actual wild 
progenitor which most closely corresponded to this 
abstract definition. 
Another classic of the same period is Charles 

Darwin’s The Variation of Animals and Plants under 
Domestication [48] in which he stated : 

From a remote period, in all parts of the world, man has 
subjected many animals and plants to domestication or 
culture. Man has no power of altering the absolute conditions 
of life; he cannot change the climate of any country; he 

to the soil; but he can remove an 
ne climate or soil to another, and give 

it food on which it did not subsist in its natural state. It 
is an error to speak of man ‘tampering with nature’ and 
causing variability. . . . If organic beings had not possessed 
an inherent tendency to vary, man could have done nothing. 
H e  unintentionally exposes his animals and plants to various 
conditions of life, and variability supervenes, which he 
cannot even prevent or check. Consider the simple case 
of a plant which has been cultivated during a long time in 
its native country, and which consequently has not been 
subjected to any change of climate. It has been protected to 
a certain extent from the competing roots of plants of other 
kinds; it has generally been grown in manured soil; but 
probably not richer than that of many an alluvial flat; 
and lastly, it has been exposed to changes in its conditions, 
being grown sometimes in one district and sometimes in 
another, in different soils. Under such circumstances, scarce- 
ly a plant can be named, though cultivated in the rudest 
manner, which has not given birth to several varieties. It 
can hardly be maintained that during the many changes 
which this earth has undergone, and during the natural 
migrations of plants from one land or island to another, 
tenanted by different species, that such plants will not often 
have been subjected to changes in their conditions analogous 
to those which almost inevitably cause cultivated plants 
to vary. No doubt man selects varying individuals, sows 
their seeds, and again selects their varying offspring. But the 
initial variation on which man works, and without which he 
can do nothing, is caused by slight changes in the conditions 
of life, which must often have occurred under nature. Man, 
therefore, may be said to have been trying an experiment 
which nature during the long lapse of time has incessantly 
tried. Hence it follows that the principles of domestication 
are important for us. The main result is that organic beings 
thus treated have varied largely, and the variations have 
been inherited. This has apparently been one chief cause of 
the belief long held by some few naturalists that species in 
a state of nature undergo change. . . . With extremely few 
exceptions, all animals and plants which have been long 
domesticated have varied greatly. It matters not under 
what climate, or for what purpose they are kept, whether as 
food for man or beast, for draught or hunting for clothing 
or mere pleasure-under all these circumstances races have 
been produced which differ more from one another than do 
the forms which in abstate of nature are ranked as different 
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species. W h y  certain animals and plants have varied more 
under domestication than others we do not know, any more 
than why some arc rendered more sterile than others under 
changed conditions of life. 
Today many sciences contribute to our growing 
knowledge of the history of cultivated plants [87]. 
Linguists interpreting the earliest written documents 
were able to point out when and where certain plants 
were grown from the dawn of literacy, and also to 
find evidence of cultural relations on the basis of 
related plant names in different languages. Plant 
geographical maps show the range of distribution of 
the possible wild progenitors, thus delimiting the 
areas in which alone cultivation could have begun. 
Geology and climatology m a y  modify this picture by 
disclosing ecological changes in the relevant areas 
in the course of time. Above all, genetics, by observing 
morphol'ogical changes caused by mutation and 

hybridization, can be used to outline the possibilities 
of evolution in the species, at the same time narrow- 
ing the field of possible ancestors. All these sciences, 
however, suffer from one common disadvantage. 
They cannot lay hands upon the actual plants of 
antiquity. This is where archaeology comes in. 
Archaeology can recover the plants themselves and 
put at least a relative date to them. The botanical 
archaeologist can define morphologically the features 
and depict them exactly as they looked millennia 
ago. 
When did the domestication of crops take place? 

Sauer [167] states that, although conventional agricul- 
tural origins are placed at the beginning of Neolithic 
time, it is obvious that the earliest archaeological record 
of the Neolithic presents a picture of an accomplished 
domestication of plants and animals, of peasant and 
pastoral life resembling basic conditions that m a y  

FIG. 4,. Domestication of food plants in the Old World. (From Helbaek [89].) 
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still be found in some parts of the Near East. 
Helbaek [89] states the interrelations of archaeology, 
palaeobotany and ecology in concluding that the 
centre for the domestication of a wild plant must 
necessarily be its area of natural distribution, and 
thus that a human culture type dependent upon 
wild wheat or wild barley as its main food grain must 
have developed within the boundaries of natural 
distribution of that species at that time. Since all 
the primary agrarian cultures in this region which 
had the chief bread grains grew both wheat and 
barley together, it becomes possible to relate the 
centre of emergence of the wheat/barley cultures to 
the common area of distribution of the two species 
in natural ecological comniunities (see also Schie- 
mann [173, 1741). Helbaek’s map shows that the 
wild domesticable barley, Hordeum spontaneum, is 
distributed from Turkestan to Morocco, but that 
the large-grained wild wheat which he calls 
Triticum dicoccoides grows exclusively in a small 
area within the wide range of the barley distribution 
(Fig. 4). 
On this basis, it is concluded that the cradle of 

plant husbandry in the Old World lies within the 
general area of the arc constituted by the western 
foothills of the Zagros Mountains (Iraq-Iran), the 
Taurus Mountains in south Turkey and the uplands 
of Galilee in northern Palestine. It would be interesting 
to make an ecological study of these three areas 
(which probably all exhibit similiraty in their Medi- 
terranean type of climate, or an intermediate stage 
between Mediterranean and Irano-Turanian), try to 
form a picture of the original climax vegetation with 
its various communities and floristic composition, 
and so discover what other prototypes of food crops 
may have occurred there. In these studies, however, 
one must bear the desiccation arguments in mind, 
since these associations may perhaps have retreated 
from lower to their present higher elevations, because 
of the operation of this factor. It is a well-known fact 
that wild grasses are characterized by marked seed 
shattering, their almost exaggerated dropping as soon 
as they mature, which is an essential feature in their 
natural dispersal, as distinct from the retentive 
characters of cultivated varieties. In wild wheat and 
barley there is a recessive tendency to develop 
toughness of the mike axis. Earlv man would collect u 

a steadily increasing proportion of tough-axis spikes, 
would perhaps half-intentionally select types with 
the tough-axis gene until no shattering types remained 
in his field. 
In the domestication of many of our modern crop 

plants of temperate climates [117] it would appear 
that the firsl: objective was the production of carbo- 
hydrate and protein, whereas fat was obtained from 
wild plants such as the fruits of the oaks and pistachio 
collected in the mountains around Jarmo and similar 
centres. Zeuner [220] believes that green vegetables 

are likely to have been cultivated early; although 
there is little archaeological evidence for these perish- 
able commodities, records are mainly based on 
seeds which would not normally have reached dwelling 
places (see however Deimel [SO]). Primitive horti- 
culture would not quickly produce characters distin- 
guishing cultivated fruit from the wild, so that the 
first phase of fruit cultivation remains uncertain. 
Helbaek [90] states that several wild species of Linum 
represented the starting point for cultivation for oil. 
and remained so for millennia. 
The early developments in crop husbandry involved 

tilling the soil, concentration of the deskred crop by 
sowing seeds, exclusion or removal of unwanted 
plants from the tilled plot, and protection of the crop 
plants against attacks by animals and birds. Helbaek 
postulates that it must at an early stage have proved 
practical to move the wheat down from its exposed 
natural habitat on the mountain slopes at eleva- 
tions of from 2,000 to 4,500 ft. to lower and more level 
ground. Proximity to open grasslands, domestic 
water supplies and the other needs for human habita- 
tion was necessary, provided these were combined 
with adequate winter and spring rainfall for the 
cereal crops. One result of this forced movement of 
these primitive cereals beyond their natural habitat 
by human transplantation may presumably have 
been the emergence of mutations and hybrids; 
the natural selection which then began favoured 
individuals that had little chance of survival in the 
original natural habitat. Thus the biological and 
morphological course was set which resulted in the 
domesticated type of the wild Triticum dicoccoides, 
named Triticum dicoccurn (Emmer). From this species 
have been derived all other species of cultivated 
wheat except Einkorn (T. monococcum) which is the 
progeny of the small-grained wild wheat, T. aegilo- 
poides. Both Emmer and Einkorn were no longer able 
to survive without the care of man, and on the other 
hand m a n  had become dependent on his plants foi: a 
steady and ample supply of plant food derived from 
his fields. 
Our region of study and its adjacent lands contain 

three of the more important centres of origin of 
cultivated plants (Vavilov [196]), namely : (a) the 
Central Asiatic centre, including north-west India 
and Pakistan (Punjab, North West Frontier Province, 
Kashmir), Afghanistan, the Soviet Republics of 
Tadjikistan and Uzbekistan, and western Tian-Shan; 
(b) the Near Eastern centre, comprising the interior 
of Asia Minor, the whole of Transcaucasia, Iran 
and the highlands of Turkmenistan, and (c) the 
Mediterranean centre, comprising, as far as w e  are 
concerned, the countries of the Eastern Mediter- 
ranean and including the coastal regions of Asia 
Minor. 
Vavilov indicated whether he regarded these areas 

as representing the basic centre of origin, one of the 
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centres, or a secondary centre of many important 
crops of the present day: 

No. of genera 
Crop Groupa and species Centre 

Central Asiatic Cultivated grain crops 21 
Fibre plants 1 
Vegetables 9 
Spice plants 1 

ear Eastern Cultivated grain crops 10 

Oil plants 93 

tannin plants 7 
Vegetables 11 

Forage plants 11 
Oil and fibre plants 7 
Cultivated fruits 2 
Vegetables 30 
Essential oil and 
spice plants 15 

Cultivated fruits 10 

Forage plants 8 

Essential oil, alkaloid and 

Cultivated fruits 24 
Mediterranean Cereals 16 

The Central Asiatic centre is one of the most impor- 
tant, since it is the native home of common wheat, 
with a tremendous potential source of varieties : 
‘ also of Triticum compactum and T. sphaerococcum, 
peas, beans (Vicia), lentils, Lathyrus sativus and Cicer 
arietinum. Here many oil plants have had their origin 
and cotton was perhaps first cultivated on a large 
scale. In spite of the barrier presented by the Hima- 
layas and the Hindu-Kush, it seems necessary to 
combine a large part of Middle Asia and the north- 
west corner of Pakistan and India into one centre.’ 

Vavilov’s Near Eastern centre is notable for its 
wealth of varieties of cultivated wheats, nine species 
being endemic to the region. In Asia Minor and Soviet 
Transcaucasia is the centre of origin of rye, an amaz- 
ing diversity of forms, very different from the single 
variety found in Europe. The world’s potential 
sources of western orchard fruits are concentrated in 
the Near East, the native home of the grape, pear, 
cherry, pomegranate, walnut, quince, almond, apricot 
and fig. The first orchards were undoubtedly located 
in the Near East. In Soviet Georgia and Armenia 
one may still observe all phases of the evolution of 
fruit growing-from wild groves consisting almost 
wholly of wild fruit trees through transitional methods 
to those approaching modern fruit growing, including 
the grafting of the better wild varieties on the less 
valuable wild forms. Here also one m a y  see that 
primitive man, while clearing away forests to make 
room for grain fields, has left standing the better 
specimens of wild apple, pear and cherry. It appears 
that viticultural methods and all the more important 
grape varieties have been acquired from the Near 
East, where one can still find wild forms quite suitable 
for culture in vineyards. In Medicago, Pyrus and 

Amygdalus and to a considerable degree in the 
wheats, species formation has been active and is still 
occurring. Natural polyploidy has been discovered 
among wheats and numerous species of wild plants, 
particularly in alpine and subalpine zones. From 
Turkey, Iran and Soviet Central Asia has come the 
world’s wealth of melons, and the leading forage 
crops, lucerne, Persian clover, a number of species 
of Onobrychis, Trigonella and vetch. 
In the cultivated plants of the Mediterranean 

centre, one can already trace the important role 
played by man in selecting the best cultivated forms; 
the Mediterranean forms of flax, barley, beans (Viciu) 
and chickpea are notable for their large seeds and 
fruits in contrast to the small-seeded forms of Central 
Asia, their basic place of origin, where most of the 
dominant genes of these plants are concentrated. 
The western dispersal of vine, olive, fig, stonefruits, 
bread wheat, rice, ornamental and shade trees was 
apparently partly or wholly due to the spread of Greek 
and Roman civilizations. T o  this the Arabs added the 
sugarcane, date palm, cotton, some types of citrus, 
lucerne and other plants [167]. The grapevine and 
lucerne also went eastwards into China and are 
clearly attributed to Chang Chi’ien about 140 B.C. [140]. 
There is much to be done by the geneticist, taxono- 

mist and palaeoecologist to amplify and perhaps in 
some cases correct this picture of the situation as 
described by Vavilov. The geneticist, for example, 
no longer accepts the hypotheses completely, noting 
among other things that there may, particularly in 
cross-fertilizing plants, be just as great an explosion 
of variability in the country to which new genotypes 
have been introduced as in their so-called original 
centres’ of maximum variability, looking at the 
question from the point of view of an environmental 
archaeologist. Helbaek [90] states that Vavilov was 
not a cultural historian, and did not correlate his 
theories of emergence of cultivated plants with 
reliable assumptions from cultural history. Thus he 
proposed the emergence of wheat, barley and Linurn 
in areas other than those in which the earliest archaeo- 
logical evidence of crop husbandry has been found. 
His hypotheses presupposed that India, Afghanistan 
and Ethiopia were under cultivation before Mesopo- 
tamia and Egypt, H e  did not accept the primary 
qualification that a culti<ated variety must have 
arisen within the area of distribution of its wild progen- 
itor. Helbaek wonders if Vavilov confused a compara- 
tively recent but isolated community with an old 
stagnated culture, and queries whether he allotted 
to the time factor the role which belongs rightly to 
the ecological circumstances. If a plant is taken beyond 
the limit of ils original natural habitat and maintained 
by cultivalion, the process of adjustment (what 
Braidwood has called permissive mutalions and/or 
introgressive hybridizations which allowed expansion 
of peoples with their plants and animals outside the 
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zone of the natural habitat) may result in new gene 
combinations and the formation o€ a multitude of 
morphological types deviating from the original. 
In revising Vavilov’s theory that the variability 

of a crop plant is greatest near its centre of origin, 
it must also be remembered that the distribution of 
variability is dependent upon the nature of the 
breeding system [96]. In outbreeding crops, even 
when only 15-20 per cent natural crossing occurs, 
new centres of variability are developed in the many 
regions in which the crops have been established. 
Even in pre-eminently self-fertilized crops such as 
wheat, there is enough crossing in northern India, 
one of Vavilov’s centres for this plant, to give a degree 
of heterozygosity in excess of what would be expected 
in long inbred material (see also Frankel [72]). 
Hutchinson believes that ‘ self-fertilization is a recent 
and unfortunate accident’ in a crop’s history. 
Stebbins [lSO] also refers to self-fertilization as a 
derived condiiion from cross-fertilizing ancestors, 
an outcome of pioneering in new and difficult environ- 
ments. One reason why some species have given up 
cross-fertilization ‘with its attendant advantages of 
population variability and genetic heterozygosity ’ 
may be that self-fertilization is a means of fertilily 
insurance in plants which are subject to periodic 
drought. 
Since Helbaek [go] has been primarily concerned 

with the archaeological botany of the material 
collected by the Oriental Institute of the University 
of Chicago at Jarmo, the early prehistoric site in the 
uplands of Iraq-Kurdistan, he is particularly well 
qualified to comment on the data which have been 
obtained from this site. The outstanding fact is that 
wild cereals here made their earliest appearance in 
any known cultural context, and the present estimate 
of the actual date of Jarmo is the beginning of the 
seventh millennium B.C. The material recovered 
consists of imprints of grains and spikelets in baked 
clay and adobe as well as carbonized grains and seeds 
and spikelets. In the carbonized material evidence 
is available of LWO types of wild wheat kernels; the 
straight, íiat-bottomed type similar to T. dicoccoides 
and a smaller type with a convexly curved ventral 
and dorsal side corresponding to T. aegilopoides. 
In the imprints have been found very good examples 
of spikelets closely resembling those of T. dicoccoides, 
larger and rather coarse; on the other hand the same 
advanced domesticated type similar to E m m e r  
(T. dicoccum) is represented by many specimens, 
while many kernels of the typical shape of Emmer are 
encountered among the carbonized grain. Thus there 
have been found at Jarmo two wild species which 
normally still grow together in the Kurdish localities 
alongside the offspring of the larger-grained species 
already characteristically transformed into E m m e r  
(see Oppenheimer [144] for discovery of wild E m m e r  
by A. Aaronsohn 50 years ago, and also Kuclruclr and 

Schiemann [116]). As in practically all Near Eastern 
grain deposits except those from Egypt, kernels and 
fragments of the sturdy glumes of Aegilops were 
present. 
In the sixth millennium B.C. (Hassuna period), in the 

village site of Matarrah, still in the Kurdish uplands 
but at a lower elevation than Jarmo, is to be found 
only the cultivated Emmer; it has not been esiab- 
lished whether Einkorn was already grown there. 
The Halafian communities of the upper Euphrates- 
Tigris region appeared to have grown mainly E m m e r  
with a sprinkling of Einkorn. During this period, the 
fifth millennium B.C., colonization of the alluvial 
plain of lower Iraq was undertaken and E m m e r  
adjusted itself excellently to the artificial ecology of 
the irrigated land while Einkorn did not. From the 
nuclear mountainous arc, agriculture spread to Lhe 
Mediterranean littoral and presumably all over Asia 
Minor. Boat traffic along the coast must certainly 
have accounted for many migration routes to Egypt 
and Europe, so that by the end of the fifth millennium 
Einkorn and Emmer were cultivated in the large 
loess plains stretching intermittently almost from 
the delta of the Danube to the mouth of the Rhine. 
The two original cultivated wheat species adjusted 
themselves more or less successfully to the increas- 
ingly harder climates as farming cultures moved 
northwards. ‘ Einkorn reached its peak of flourish 
in Asia Minor, while in Britain it seems never to 
have got above the status of the poor relative.’ 
In the other direction, the movement that brought 

the alluvial plain of Mesopotamia under cultivation 
probably branched out and settled in the high 
plateaux of Iran; agrieullural centres were shaped 
in the third millennium B.C. in the Indus Valley 
(by 2300 B.C. grain was being grown here on a very 
large scale, as is shown by the granaries at Harappa) 
and Lhere is evidence of agriculture in ihe region 
south of the Aral Sea before the middle of the second 
millennium. 
Whereas Einkorn and its progeniior are diploid 

(2 x 7 chromosomes), Emmer and its progenitor are 
tetraploid (4 x 7 chromosomes). Club wheal (Triti- 
cum compacturn s.1.) belongs to Lhe Bread wheat 
(vulgare) group which is hexaploid (6 x 7 chromo- 
somes). Geneticists have established experimentally 
that Lhe crossing of Emmer and AegiEops may produce 
hexaploid wheat with several features in common 
with the vulgare group. This presupposes the emergence 
of the vulgare group of the Near East but it appears 
that Club wheat has not been found in early archaeolo- 
gical contexts while later it appears only in minor 
proportions compared with Emmer. The evidence 
with regard to Club wheat relates to Egypt but the 
earliest appearance in Iraq is reported by an imprint 
ai Jemdet Nasr of about 3000 B.C. and a few imprints 
of the middle of the third millennium in the Nabur 
area in the north. The earliest actual cultivalion of 
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Club wheat in Iraq is documented by a find from 
eastern Upper Iraq covering a few centuries around 
2000 B.C. During the second millennium are found 
traces of a cultivation of Club wheat in Asia Minor, 
Syria and Palestine. Whenever Club wheat appears, 
Emmer is also present. Only at about 1000 B.C. and 
later does Club wheat cultivation supersede that of 
Emmer. 
Club wheal m a y  have emerged as a hybrid in the 

Near East, but ecological circumstances m a y  not have 
favoured its development, and it. might have disap- 
peared and reappeared as a End of freak during early 
phases of agriculture. When it reached more suitable 
regions it m a y  have produced a rather hardy type 
which flourished ;in mountainous environments in the 
Einkorn-Emmer fields. This m a y  have happened 
very much later somewhere in Asia Minor, a region 
which is a terra incognita as far as palaeo-ethnobotany 
is concerned (although SeLon Lloyd and his colleagues 
working at Beycesultan have collected and passed 
to Helbaek much carbonized and other seed material 
which has not yet been identified). 

Scanning the Near Eastern wheat field of today we note that 
Emmer is no more to be found; that Club wheat is absent 
and Bread wheat rare or of no importance. The field is 
populated by wheats structurally parallel to the wuZgure 
group, but cytologically allied to Emmer, having 4. x 7 chro- 
mosomes. W e  can only guess at the phylogenetic origin of 
the very diversiform group of these tetraploid naked wheats 
which comprise Hard wheat (T. durum), Rivet wheat 
(T. turgidurn), Polish wheat (T. polonicum) and several 
characteristic subspecies. 

They may have arisen by mutation or hybridi- 
zation between extreme varieties of Emmer or even 
by interspecific crossings. Hard wheat is the most 
important. As opposed to the free-threshing species 
of the vulgare group, it flourished under a modest 
rainfall or irrigation and a completely dry ripening 
season. It is the wheat of the summer dry steppe 
regions throughout the world. This wheat first 
appeared among the non-carbonized wheat deposits 
of the Ptolemaean period in Egypt after 300 B.C., 
and seems to have spread rapidly over the Near 
East, occupying plains and mountain tracis at the 
expense of Emmer. The last stronghold of the latter is 
Ethiopia, where it was probably introduced with 
agriculture in late Egyptian dynastic times before 
it went out of use in Egypt itself, and where it is 
still being grown under ihe name of Adjaz. 
Kuckuck [115] has reported on his studies in Iran 

on the distribution and variation of cereals, and 
Kuckuck and Schicmann [116] have described 
the occurrence of T. spelta and intermediates between 
T. spelta and T. aestivum on a plateau 2,000-3,000 m. 
above sea level in the Baktiari region near Isfahan, 
where the crop has probably been cultivated since 
antiquity. The Iranian spelt shows little morphological 
variability and conforms in its general characters to 

the European spelt. A remarkable character is the 
frequency of three-grain ears. 
All the known ancient agrarian peoples of our 

region also grew barley, Barley makes up the bulk 
of the plant remains from Jarmo. The kernels are 
hulled, straight and unwrinkled and some specimens 
consist of the median fertile floret with one of the 
lateral male florets attached. The lateral florets 
are not sessile as in modern, 2-row barley, but have 
a short pedicel. This Jarmo barley conforms fairly 
closely with the wild 2-row Hordeum spontaneum 
which is naturally distributed throughout its arc- 
shaped region of origin and far beyond. The spike 
was not brittle as in the wild form, an incontrovertible 
indication of domestication. In its native habitat 
the wild barley grows practically everywhere. During 
man’s first attempts at tilling the soil, barley must 
have been domesticated along with the first wheat 
by sharing in the automatic selection for tough- 
axis species. Barley might therefore be termed a 
secondary cultivated plant. It would eventually have 
lost most of its prickly and very coarse character. 
For a long time this species was grown only in Kur- 
distan. It abounds in the Matarrah material and as 
late as Hellenistic times is the principal barley of this 
hilly region. 
W h e n  agriculture extended to the river basins of 

Mesopotamia and Egypt in the fifth millennium B.C. 
2-row barley disappeared and was replaced by 
the 6-row species. Not until the ninth century A.D. 
does the 2-row form make its reappearance in 
archaeological material from the Mesopotamian plain. 
Helbaek [91a] has now obtained evidence to explain 
the origin of the 6-row barley, and confirmed his 
basic assump tion that Hordeum spontuneum must 
be able to mutate into the 6-row condition. It is also 
assumed that the first mutant in Jarmo did not 
mutate in row number (or rather did not stabilize 
a 6-row mutant, the environment being the same) 
but in rachis condition. Seeds collected in Kurdistan 
were treated with X-ray, and one of Lhese grains gave 
a lax 6-row spike with all lemmas awned, all lateral 
spikelets pedicellate as in H. spontaneum, and most 
lateral florets fertile. The second generation retains 
this fundamental pattern, but three plants have lost 
the pedicels on the lateral florets (see also [233]). 
The domestication of the weed grasses of these 

early cereal crops took place later and far from their 
own centres of natural distribution. Thus rye and 
oats were introduced into Europe as weeds in the 
wheat field-rye probably from western Central Asia 
and oats from the Near East or eastern Europe. 
Kranz [113] has published an account of studies of 
population genetics of primitive Iranian ryes with 
reference to the systematics, evolution and breeding 
of the crop. Oats attained the status of a crop plant 
during the first millennium B.C. and rye was brought 
into secondary domestication in Central Europe 
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shortly before the birth of Christ. Broomcorn millet 
appears for the first time about 3000 B.C. in Jemdet 
Nasr in lower Iraq; while not important in the Near 
East, it was widely cultivated in the Far East and in 
Europe about 2000 B.C. The progenitor of broom- 
corn millet is not known, whereas Italian millet is 
considered to be a straight-line descendant of the 
wild green millet, Setaria wiridis. Millet is called Juar-i- 
Hindi in Persia, suggesting that it came from India. 
Strabo reports rice cultivation in Babylonia, Bactria, 
Syria and the valleys of the Euphrates and Tigris 
about A.D. 1. It is mentioned in the Talmud, but not 
in the Old Testament. 
In Jarmo, Helbaek found evidence of the use of 

field peas, lentils and blue vetchling as food, although 
it is not possible to claim their actual cultivation at 
that time. The horsebean appears around the Medi- 
terranean during the third and second millennium B.C. 
and later spread to Europe, arriving in Britain in the 
late first millennium B.C. Chickpea, which is now 
grown extensively in India and m a y  have had its 
centre of origin in the Deccan or the Indus plain, 
occurs in Palestinian finds of the fourth millennium 
or possibly earlier. Vegetable oil has long been valued 
highly as human food; at Jarmo it appears that this 
commodity was obtained by crushing the nuts of 
wild trees such as acorns and pistachios, and in other 
regions hazlenuts, acorns and olives. 
The wild species of flax was domesticated very 

early although it is not yet certain which species 
was the progenitor or were the progenitors of culti- 
vated flax. Helbaek [90] has reviewed the evolution 
and history of Linum without necessarily making 
the distinction between the oil and fibre varieties. 
The main problem to be faced concerns the large- 
seeded Linum of Dynastic Egypt, which was a summer- 
annual type, and the small-seeded, winter-annual 
' piled-dwelling ' Linum of Neolithic Switzerland. 
If it were possible to find a mean between these two 
extremes, a form intermediate in respect of seed size 
and life duration, and at the same time to evolve 
a reasonable histo-geographical explanation of the 
phylogenetic relation of this form to some wild member 
of the genus Linum, a solution would be possible. 
The recently discovered material from Arpachiyah 
and Brak may constitute this mean, and the two 
hitherto incompatible Linum types in question may 
be regarded as two ecologically adjusted products 
of radiation from a common nucleus, climatically 
placed in the middle, and, as it happens, in the distri- 
butional area of the most probable progenitor, 
Linum Oienne Mill. This is the only wild species of the 
genus which can be crossed successfully with L. usi- 
tatissumum to give fully fertile hybrids. There is no 
reason to expect that the early Near Eastern imprints 
will remain the earliest evidence, as L, Oicnne was 
certainly domesticated long before the emergence of 
the Halafian culture. 

The wine grape, naturally distributed in moun- 
tainous forests (Amanus and Lebanon) in certain 
parts of the Near East, was cultivated in the fourth 
millennium or earlier. Traces of this plant are dispersed 
and rare and the story is not yet complete. Olives and 
dates are also found in Palestinian and Egyptian 
finds of the fourth millennium B.C. but both species 
were probably exploited at an earlier date. 
The deposits of carbonized plants recovered from 

Lachish, Tell-el-Duweir, in Palestine [88] have by 
their nature thrown unexpectedly comprehensive 
light on plant husbandry and food-gathering of 
the peasants of the early Bronze Age and Iron Age. 
In the many-sided agriculture of those days, two 
products are especially important; cereals and olives. 
The universality and abundance of occurrence of the 
remains of olives as compared with the other food- 
stuffs suggests production for more than home con- 
sumption. At both times wheat was an important food; 
while early Bronze Age specimens were supplemented 
by smaller amounts of barley, wheat was the only 
cereal in the Iron Age, although barley is an important 
Iron Age crop in other parts of the Near East and 
elsewhere. In the course of the second millennium 
the species of wheat changed, in that Emmer, the 
main bread corn of the Bronze Age, was replaced 
almost completely by Club or Bread wheat. Since 
grape pips are present in all the mixed samples of 
both periods, it appears that the vine was commonly 
grown and that grapes were consumed with the daily 
meal. Several species of the pea family are repre- 
sented. There seems to be no reason to suggest that 
the hawthorn and the pistachio were cultivated in the 
Bronze Age. The occurrence of their dried stones 
among seeds of cultivated plants must mean that they 
were gathered on the hillside. It was the fruit flesh 
of the hawthorn that was consumed whereas it was 
the fat and palatable seed of the pistachio nut which 
attracted the ancient peasants. It would appear that 
Palestine is also the original home of the important 
clover of the present day in Egypt and the Near 
East, Trifolium alexandrinum. Of the group of species 
most closely related to T. alexandrinum, T. bery- 
theum must be regarded as the main genetical source 
(possibly with contributions from the wild races 
of T. alexandrinum which appear to exisi in the 
upper Jordan Valley) from which m a n  developed the 
present-day berseem by selection [14<4a]. 

This information on the plant. remains of well- 
dated prehistoric and early historic sites, whether 
in the form of mummified or carbonized material 
or as impressions in baked clay, is of the greatest 
interest to both the cultural and natural historian. 
Helbaek [90] states : 
The cultural historian seeks to know the economic back- 
ground for the achievements and migrations he is able 
to visualize through his investigations and in its ultimate 
definition economy means food. The botanist is anxious to 
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know whence the cultivated plants came, how long it took an order in which he considers that they are likely 
them to develop their present form and the physiological to have appeared. The scavengers were domesiicated 
qualities by which they differ from the wild species. He first, and this have been possible even a 
seeks to know how this happened, and, not least, from which palaeolithic level. The second group, the wild plants or combinations of plants his domesticated €orms animals (presumably animals adapted to man’s descended. By keeping a record of stratification, modern 

material and by specialization botanists in the long mn in habit in their original undomesticated state), 
learn to identify the battered remains of plants. Thus, by Would not have been suited to a Neolithic economy 
joining hands, the two sciences establish a third, pdaeo- with agriculture, and may have been domesticated 
ethnobotany, which endeavours to help delineate man’s earlier than the true Neolithic, and at the latest in the 
victories and defeats in his battle against nature for survival late Mesolithic. As these animals enabled m a n  to 
and multiplication, and to unravel the complicated history obtain food by in addition to hunting, 
of the plants upon which even modern civilization is ulti- human habitations could become more permanent; mately dependent. thus the domestication of goat and sheep would 

have preceded agriculture (contrary to other views 
expressed later in this chapter), occurring as early 

THE NATURAL FAUNA as 6000 B.C., according to radiocarbon dating, or 
AND DOMESTICATION OF ANIMALS perhaps even earlier for the goat. A greater number 

of immature as compared with mature specimens is 
If w e  were to follow the ecological approach adopted regarded as important evidence of domestication. 
in the botanical section of this review, w e  should Zeuner’s third group includes those animals for the 
attempt to discover the nature and geographical maintenance of which settled life is essential, at least 
distribution of the original fauna of our region, in the early stages; the chief members of this group 
and its relation to the major plant geographical are cattle. A fourth category comprises animals 
zones and lesser vegetation communities, the two which were domesticated primarily as a means of 
together comprising a kind of equilibriiim that transport, as beasts of burden, for riding or for 
American ecologists would call the semi-arid biome. traction. The origin of this group is obscure, but it 
Little evidence of this nature has been found, and it is appears to be more recent than the third group. 
very doubtful whether it can be expected to become Its members are not normally slaughtered for food, 
so reaclily available as botanical evidence. The piles perhaps because of religious inhibitions. The use of 
of bones in caves or in other sites, the existence of animals for transport was probably developed mainly 
game traps [161] and the general archaeological with cattle. Zeuner’s tentative grouping of some of 
history of the early peoples indicate the wide extent the early domesticated animals is therefore : (a) dog; 
of hunting of a fauna which is now largely extinct. (b) reindeer, goat, sheep; (c) pig (?), cattle; (a) horse, 
Again, w e  have to decide whether to believe that these ass 
wild types of animals were eradicated as long ago The early history of domestication is also described 
as the hunting era, or whether the advance of desicCa- by Heichelheim [86], who states that the taming of 
tion and/or the deterioration of their plant habitat. animals is in the main a masculine achievement, 
and the resultant loss of food and cover were the derived from hunting. The earliest tamed dogs are 
chief causes. dated 8160 B.C. I1,400, using the radiocarbon method, 
Apparently a rich desert fauna existed in eastern in north and central Europe and in Asia at the 

Jordan, especially of gazelles, at the time of the build- end of the Palaeolithic. Heichelheim believes, basing 
ing of Qasr-el-Hamra and Qasr-el-Kharana. The rich his theory on early remains of sledges, that the dog 
fauna of Palmyra in Palaeolithic and Neolithic times was the first draught animal. The Tarpan horse 
has been noted by several writers including C. S. Coon. (the ancestor of ponies and small horses) was first. 
The stag was an important and sacred animal of the tamed in Eurasia between Scandinavia and Turkestan. 
Hittites, a fact which m a y  indicate greater extent The ancestor of the so-called Arab horse of Mongolian 
of forests at that time [78]. The desert fauna of Pales- descent appeared in Turkestan and Iran during the 
tine in Babylonian and Persian times is described sixth to fifth millennium B.C. During the fifth millen- 
by Albriglit [3]. The fauna of ancient Mesopotamia nium B.C. the donkey was domesticated in Nubia 
as represented in art has been described by Hilzheimer, and Egypt, giving rise to the breeding of mules. The 
[94] and van Buren [I 951. elephant was first tamed in the Indus Valley civili- 
There is an extensive literature on the domesLi- zation, and at a slightly later date in Airica. The 

cation of animals, of which w e  may mention Hahn [79], earliest finds of domesticated cattle come from Meso- 
Hehn [85], Hilzheimer [94(], Duerst [58] and HanEar lithic northern Europe and from Egypt, and later 
[si] on the horse in prehistoric and early historical from the Mediterranean, the Near East and northern 
times. The theories of domestication of animals India. Sheep, descended from a Trans-Caspian wild 
have been reviewed by Zeuner [2191, who has deduced race, were domesticated aL an early date in Europe, 

archaeology has means by which to teU. the date of plant way Of life and not 
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and interbred with the Mediterranean wild mufflon 
and an African species after 5000 B.C., though inde- 
pendent domestication in the Mediterranean or Cau- 
casus region and in Egypt or the Sahara is not dis- 
counted. The breed was improved and differentiated 
in the Bronze Age of the Near East and Europe and 
also in India and China. The Markhur goat, the first 
to be domesticated, appears to have spread from the 
Altai, and, like the domestication of sheep, took 
place, according to radiocarbon dating, in 6135 B.C. 
f1,400. Both were common in Neolithic Europe. 
The pig was domesticated in Europe at the beginning 

of the Neolithic, independently in Sweden and Italy 
from two different species of wild pig. Heichelheim 
states that cats, ducks and geese were domesticated 
relatively late in Egypt. Remains of domesticated 
fowl are first encountered in the Indus, possibly 
contemporary with peacock in Indochina, Malaya 
or Indonesia, between the third and second d e n -  
nium B.C., and were known everywhere during the 
Iron Age. The town civilizations of the Bronze Age 
were mainly responsible for the breeding of carp and 
other fish, hawks, falcons and pheasants. Heichelheim 
believes the conscious care of bees may be even older 
than the domestication of the dog. Silkworm culture 
began in China around the third millennium B.C. 
Hahn [79] considers domestication of animals to 

have arisen as a result of religious rites. Animals had 
to be sacrificed on certain dates; since hunting was 
fraught with risks and hunters frequently returned 
empty-handed, animals intended for sacrifice might 
be caught previously and grazed near the camp till 
they were required. The earliest sacrificial animal was 
the bear, remains of which date to Palaeolithic times. 
Processions in which oxen and cattle drew images 
of the gods on carts later gave rise, so he believes, 
to the everyday use of the cart with other draught 
animals. The whole social life of man was revolu- 
tionized during the beginning of the Mesolithic and 
Neolithic by conscious planting of edible grasses and 
berries, and animal breeding, increasing food sources 
such as meat, milk, eggs and honey, the range of 
clothing (wool, silk, fur, leather) and of tools which, 
in addition to flint, could be made of horn, bone or 
feathers. These commodities, like number of heads of 
cattle, created new economic capital. 
Menghin [132] produced a classification of Neolithic 

cultures on the basis of types of livestock and the 
grazing lands or fodder crops on which they depended 
for their sustenance, namely, the cultures of the pig 
breeders, of the breeders of horned animals, and of the 
breeders of horses, mules and camels (equids and 
camelids). Menghin believes that these major types 
of animal husbandry are related to the types of imple- 
ments used by the three groups of breeders. 
The pig breeders’ culture is believed by some to 

have had its origin in India, east Turkestan and 
China, and to have spread through the Mediter- 

ranean region to Europe, following the Wulzenbeil- 
Kultur. Robert Adams states, however, that the 
domesticated pig was present in the Mesopotamian 
uplands more than two millennia before the earliest 
known agricultural settlements in India. The slate- 
ment that the home of pig-breeding lay in India 
would therefore appear to require some qualification. 
It is assumed to have been closely associated with 
row cropping, since no bones of draught animals 
were found in the sites concerned. In Egypt, large 
quantities of pig bones are found in early Pre-Dynastic 
levels, but few later; this may have been due to the 
social superiority claimed by the later ruling culture. 
Sauer [167] follows a similar line in relating household 
animals-dog, pig, fowl, duck and goose-with 
vegetable farming. H e  does not accept the idea, 
originating from Roman literature, that hunters 
became pastoralists and finally farmers, that hunters 
were the animal domesticators and that food collectors 
learned how to grow plants. ‘The dependence of the 
nomadic pastoralist on agricultural communities is 
well known and general, and his way of life is derived 
from the sedentary farmer. . . Abel was a keeper 
of sheep, but Cain was a tiller of the ground, and both 
were of one family. . . . The original and absolute 
pastoralists can scarcely be said to exist or ever 
to have existed; they derive from a farming culture 
in which livestock was an original element.’ 
Sauer [167, chapter VI summarizes present know- 

ledge and theory with regard to the domestication of 
livestock, its ceremonial basis, the origin of milking 
as part of a fertility cult, and related matters. His 
eleven domesticates-the common cattle, zebu, water 
buffalo, yak, goat, sheep, reindeer, dromedary, 
Bactrian camel, horse and ass-are all n o w  or were 
once milch animals. Apart from the reindeer, all are 
first known from ancient seed agricultural centres, 
and their wild ranges are in or marginal to such 
areas. 
Turning briefly to some of the evidence from our 

main sites in the region, Duerst [56] states that when 
the lowest layers of the Northern Kurgan at Anau 
were being formed, m a n  lived entirely without 
domestic animals. The wild ox, Bos nomuclicus, and 
the small wild horse roamed on the steppes and 
oases of the Kara-Kum Desert. and sought shelter 
in the forests which probably then occupied the 
valleys and slopes of the Kopet Dagh. There lived also 
large-horned sheep and the gazelle. Duerst concludes, 
from the absence of stone weapons, that m a n  lived 
on a friendly footing with these animals and that he 
could gain possession of them only by depriving the 
wolves of their prey or by the use of fire-hardened 
wooden weapons. It would be guess-work to assumc 
that these animals voluntarily (or compelled by the 
necessity of food from outside the oases) approached 
human dwellings in order to graze on the weeds and 
other plants and so were gradually brought into 
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companionship with man, who then assumed the 
care of their nourishment. B e  that as it may, after 
the accumulation of the lowest ten feet of the strata 
in the North Kurgan, the same wild ox occurs in 
an almost equally large but certainly a domesticated 
form, becoming more and more frequent in the higher 
strata when the horse and sheep also pass over into 
the domesticated condition. 
A review of the explorations made in Turkestan 

by the Pumpelly expedition by C.H.H. in the Geogra- 
phical Journal states, however, with reference to 
Duerst’s examination of the bones of sub-fossil and 
later animals that : 
. . . we have a careful and skilled investigation of the remains 
of horse, ox, sheep, dog, camel, etc. The contributions to 
our knowledge of the horse are especially valuable and one 
of the species appears to approximate closely to Przewalski’s 
horse. H e  claims to have found a domesticated breed of 
sheep in the First Culture stratum and the shepherd dog in 
the Second. It seems a daring thing, in our present state of 
ignorance, to form an absolute chronology on the base of the 
differentiation of animal forms and their migrations, as 
deduced from their appearance in different places, but 
Dr. Duerst, in agreement with Professor Pumpelly, does not 
hesitate to tell us that the shepherd dog appeared at Anau 
e. 5850 B.C. and that the turbary sheep attained its full 
development 6250 B.C. . . . according to Professor Pumpelly’s 
stratigraphic chronology, which is without doubt the most 
exact chronological table that w e  possess, the 20 feet of 
culture stratum at the base of the North Kurgan dates from 
the latter half of the ninth millennium (8250 B.C.). 
It is now realized that these so-called precise dates 
are wholly arbitrary, being based on an assumption 
of the longevity of each stratum. The ‘most exact 
chronological table that w e  possess’ is not literally 
acceptable today, nor has the Anau chronology been 
taken seriously for several decades. 
Toynbee [19l] uses the data from Anau to show 

that the agriculturist had far greater potentialities 
for domesticating wild animals than the hunter. 
The agriculturist did not prey upon the wild animals 
and so clid not inspire them with fear; he would 
possess food supplies attractive to the ruminants 
like the ox and the sheep, which would not be attracted 
by meat or the other products of a hunting or fishing 
life, as dogs are. ‘The recurring challenge of desicca- 
tion’ in Eurasia is regarded by Toynbee as the main 
factor in the origins of nomadism. H e  assumes that 
one group of the cultivators and stockbreeders of the 
Transcaspian oases trekked across the withering 
steppes with their seed corn and their cattle to less 
arid areas. They may, however, have had brethren 
who responded to the same challenge in a more 
audacious fashion. This group would have abandoned 
their staple occupation of agriculture and staked 
their existence on the recently acquired art of stock- 
breeding, but by following a nomadic existence on the 
steppe, T o  practise this art successfully under exceed- 
ingly exacting conditions, the wandering peoples 

had to develop a special skill and, to exercise this, 
to develop special moral and intellectual powers. This, 
combined with the belief that the domestication of 
animals is a higher art than the domestication of 
plants, provides the basis for the conclusion that 
nomadism is superior to agriculture in several ways. 
In addition to the domesticated animals which he 
keeps alive in order to live off their products, 
the nomad keeps other animals, the dog, the camel, 
the horse, to assist him in his pastoral task. The 
training, as distinct from the mere domestication, of 
these auxiliary animals Toynbee regards as the nomad’s 
crowning achievement. 
Probably the most prominent domestic livestock 

of the present day over much of our region are the 
sheep and goat. The fat-tailed sheep of south-western 
Asia includes the Awassi breed of Israel and adjacent 
Arab countries. Records of this type of sheep are 
found in old Assyrian monuments as reproduced 
by Kronacher [114] representing the booty captured 
at a Jewish town at the time of Tiglat Pilesser (745 B.C.) 
and in the detailed descriptions by Herodotus (500 B.C.). 
A discussion on the domestication of different types 
of goats is to be found in Antiquity for 1956 
and 1957 [159]. There is no doubt that the intensive 
study of animal remains at Jarmo will make an 
important contribution to the history of the domes- 
tication of animals. Similar work by Zeuner at Jericho 
has yielded remains of two breeds of goats, those 
with straight, upright or ‘scimitar’ horns in the 
oldest pre-pottery strata, and a type with spiral 
or screw-horns in the Early Bronze Age level. On the 
Jericho evidence, it appears that the straight-horned 
goat was second only to the dog among the animals 
to be domesticated. Zeuner has stated that the screw- 
horn goat appears, and possibly replaces the straight- 
horned in the economy of the Early Metal Age all 
over the Fertile Crescent and the eastern Mediter- 
ranean. They probably became the parent stock of 
most modern breeds. 
Since these paragraphs werc written, Reed [160a] 

has reviewed the evidence concerning the animal 
aspect of the ‘ food-producing revolution’ (Fig. 5). 
It appears that domestication of goats and sheep 
occurred in a central core area in south-western Asia 
in prehistoric times, probably about the seventh 
millennium B.C., cattle being domesticated somewhat 
later, and pigs even later. Domestication of the 
food-producing animals probably occurred in village- 
farming communities in the hilly flanks area of south- 
western Asia; thus cereal agriculture and the settled 
village are considered to antedate the domestication 
of all animals except the dog. Relatively intensive 
and successful agricultural and stock-breeding societies 
developed in the Zagros hills and their grassy fore- 
lands and in the lower Jordan valley before the 
appearance of the earliest societies of this type 
elsewhere. Similar Iranian and Egyptian cultures 
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FIG. 5. A chronological chart, subdivided into geographical arcas, of the known history of animal domestication in the 
prehistoric Near East. The estimated time is not to be regarded as absolute; the top of each column is fairly well 
fixed, temporarily; but any part of any column may be elongated or shortened as a result of future discoveries 
(after Reed [160a]). 

are believed by Reed to have developed later and 
peripherally. N o  dramatic environmental change 
has been detected by the Chicago workers at the end Some rudimentary form of agriculture without 
of the Pleistocene in south-western Asia. It is therefore irrigation m a y  have been practised in the Near 
concluded that the all-important food producing East even before Neolithic times, particularly in the 
revolution was apparently not stimulated by the regions with copious spring rainfall in Palestine, 
challenge of a post-Pleistocene climatic change. Syria and the Caucasus where today barley and 

IRRIGATION AND SALINITY 
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Emmer wheat grow wild [55,226]. The food-gatherers 
must soon have appreciated the advantages of grow- 
ing the wild grasses near streams, by springs and 
in the &y beds of water-courses. People still in 
the food-gathering stage have been seen to create 
rough stone dams, or to scratch conducting runnels. 
Deliberate watering of the ground and preservation 
of seed from season to season must, according to 
Drower, have gone hand in hand. 
The earliest peoples who settled in the lower part 

of the Tigris-Euphrates valley, familiar with the 
legend of ‘that greatest of floods, which destroyed 
all but one of mankind, the Sumerian story from 
which the story of Noah derives’, must have built 
embankments along the rivers near their homes and 
dykes around their homesteads to keep out the 
threatening waters. The ultimate origins of irrigation 
in the area are still apparently obscure. From their 
beginnings, the Sumerians probably practised a simple 
form of perennial irrigation which entailed keeping 
the soil covered with a few inches of water from 
sowing in November to harvest in April or May. 
It would be an obvious sequel to ensure the success 
of such an operation by providing a carefully regu- 
lated network of water-channels, with land divided 
into field and smaller plots. Although little is known 
of the elaborate system of canals of Babylonia before 
Sassanian times (before the third century A.D.), count- 
less ruined canals, marked by great parallel lines of 
mounds, indicate a widespread ancient irrigation sys- 
tem, There are many references to canal building 
from the third millennium B.C. onwards in the records 
of the rulers of Sumer and Akkad, and later of the 
united country called Babylonia. The conquest by 
Hammurabi (about 1760 B.C.) of the entire Tigris 
valley and part of the Euphrates led to strong central- 
ized control of irrigation and resultant prosperity. 
Several of the laws in his Code deal with irrigation [55] 
(see also [l, 73, 149, 150, 210, 211, 2151). 
The natural conditions of Mesopotamia as a back- 

ground for the development of irrigation and the 
civilizations based thereon afford in many ways a 
marked contrast to those of Egypt. Between hills 
of marl containing salt and gypsum lies a wide plain, 
flat in cross-section and with a seaward slope only 
half that of the Nile Valley. The Tigris is of relatively 
little use for irrigation because it has a deeply cut 
bed and the normal level of its waters is too low for 
efficient use by any simple system of canalization. 
The Euphrates is the basis for agricultural production 
in a land with scanty rainfall and greaLer extremes 
of heat and cold than occur in Egypt. The Euphrates 
has a current flowing at 5 miles an hour at Carche- 
mish, for example, and carries five times as great a 
silt load as the Nile. When it enters the flat alluvium 
of the delta, much of the sediment is dropped. The 
bed of the river is raised until in time it flows above 
the level of the plain. It is relatively easy to cut 

the banks and irrigate the land with the silt-laden 
waters. 

The date of the annual floods depends upon the 
weather in the mountains of Anacolia, and cannot 
be forecast precisely. In any case they come late in 
spring, at a bad time for the farmers. The flood had 
to be kept in check if it were not to damage the ripen- 
ing winter crops or the newly sown summer crops, 
but at the same time controlled use of the floodwaiers 
was necessary if full benefit was to be derived from 
the precious load of silt they contained. The careful 
utilization and control of these always dangerous 
floodwaters demanded not only a vast amount of 
manual labour but also an elaborate organization, 
a co-operative effort and centralization of control 
quite beyond the scope of a village community. 
The planning and upkeep of an interdependent 

system of canalization required the direction of a 
regional authority enjoying absolute powers. ‘By the 
mere logic of circumstances the Euphrates delta was 
from the outset parcelled out into a number of agri- 
cultural units, each having its own centre of adminis- 
tration, and the development of the city state was due 
not to the peculiar mentality of the Sumerian people 
but to the physical character of Sumer.’ (Woolley 
[215].) As the conditions of agricultural life in the 
valley demanded co-operation and centralization 
within each irrigation unit the non-labouring intel- 
lectual class naturally assumed the direction of 
the communized body and something in the nature 
of an official hierarchy took shape. 
Although Ur, like the other Sumerian cities, started 

as the administrative centre of an irrigated district, 
Woolley [215] states that no purely agricultural 

have led to the growth or maintained 
f anything like the estimated popu- 

lation of about a quarter of a million on an area 
of 1,450 acres. The farming of the rich delta plain 
was, of course, of great importance in feeding this 
large population; the ultimate dependence of the 
city upon its locally-grown food was proved when, 
at a much later date, the Euphrates changed its course, 
the whole elaborate system of irrigation was hope- 
lessly dislocated and Ur was abandoned by its citizens. 
A review of the extent io which progressive changes 

in soil salinity and sedimentation contributed to the 
disintegration of past civilizations, based primarily 
on the early results of the Diyala Project in Iraq 
(see below), has been presented by Jacobsen and 
Adams [loo]. A survey of ancient water courses 
and settlements in Central Iraq has been made by 
Adams [2]. It appears from the work of Lees and 
Falcon [121] that some of the older archaeological 
theories on the geographical history of the Mesopo- 
tamian plains are based on an unjustifiably simple 
assumption. 
The Tigris, Euphrates and Karun rivers are not building 
forward a normal delta; they are discharging their load 
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of sediment into a tectonic basin which is the successor to a 
gcosyiicline in which many thousands of feet of sediment have 
been accumulated in the past, over a period to be measured 
in hundreds of millions of years. The balance between 
subsidence and sedimentation in the recent past sccms to 
have been finely poised; subsidence was episodic and in 
the intervals the depressions tended to fill up with sediment. 
But in general subsidence has been dominant, with the 
exception of some minor local uplifts representing a late 
movement of anticlinal structures. 

‘The soils of the oldest. cultivaied area in the World’ 
have been described briefly by Euringh [34~] and the 
same author has described living conditions in the 
lower Mesopotamian plain in ancient times [35]. 
Cereals were milled and prepared for human con- 
sumption [49], beer was brewed [83], plants were 
used for making drugs [ill], animal husbandry and 
breeding were important [54], and there was a fishing 
industry [53]. 
The FAO Irrigation Team in Iran [70] has described 

the early history of the Khuzistan area (Iran) as a 
background for the present development. project, and 
refers to the hypothesis that the plain had been grad- 
ually extended by Lhe silting up of the Persian 
Gulf (see Fig. 6) which was supporLed by archaeo- 
logical evidence and generally accepted until the 
interpretation of Lees and Falcon, referred to above, 
introduced subsidence along with sihation. 
Ancient irrigation in the Khuzistan plain probably 

FIG. 6. The silting up of the Persian Gulf (after de Morgan). 
Key : A, 3000 B.C.; B, 2000 B.C.; C, Roman epoch; 
D, present day. 

consisted of a system by which the diversions from 
the various rivers were interrelated. Impressive 
remains of ancient dams are still available, including 
the multi-purpose scheme built in the third century 
and still in operation at Shushtar. The watcr in these 
ancient systems was artificially lifted from the canals 
LO the fields, which would have automatically reduced 
the danger of over-irrigation and salinization. Barley 
was an important crop in the Khuzistan plain in 
ancient times. sugarcane, cotton, fruits and silk 
became important throughout the area. The area 
concerned was in ancient times an imporiant centre 
of civilization and its prosperity continued, although 
in a lesser degree, through the Middle Ages. The 
modern plan for the development of the land and 
water resources of Khuzistan is in fact aimed at the 
re-establishment of the agricultural prosperity which 
for a very long time flourished in these areas. A careful 
historical study m a y  obviate mistakes in future 
projects. 
The most ancient remains in Iran were found at a 

site north-east of Shushtar and- date back perhaps 
to LOO00 B.C., a cave dwelling of prehistoric man who 
was still a hunter and food-gatherer. Excavations 
at Giyan and Susa have shown the remains of settled 
communities of the fourth millennium B.C. The 
extremely important stage in the development from 
early communities was the concentration of urban 
life at centres in the Mesopotamian plain following 
the advent of irrigation on a large scale. In the 
Khuzistan plain, in particular, this led to the creation 
of the ûrst civilized city in what is now Iran, namely 
Elam. During the third millennium B.C. the Elamites 
had already formed a dynasty which ruled over 
a wide area of plains and mountains. In the subsequent 
millennia, the region was the location of a long 
sequence of struggles of the Mesopotamian kingdoms 
and alternations of independence and domination 
by other peoples. 
Apart from siltation, the great problem of the 

Tigris-Euphrates valley is, of course, salinization. 
The recent study of the history of salinity quoted 
below is an example of team work by specialists 
in different subject-matter fields, a method of approach 
which is increasingly being accepted as the best 
way of obtaining a complete picture of historical 
events and sequences. 
The Diyala Basin Archaeological Project was estab- 

lished in 1957 by the Iraq Development Board to 
undertake an investigation in the basin with the 
purpose of identifying ancient irrigation and agri- 
cultural practices, with special attention to draining 
facilities and the salinization of soils. This is a joint 
undertaking of the Director-General of Antiquities of 
Iraq and the Oriental Institute of the University 
of Chicago. Thorkild Jacobsen is the director, and 
the field staff includes Fuad Safar, Robert M. Adams, 
Mohammed Ali Mustapha, Hans Helbaek, Professor 
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J. C. Russel, Adnan Hardan and others. The project 
began on 1 June 1957, with an investigation of 
ancient written sources from 2600 B.C. to A.D. 14’00. 
In September 1957, the field work began, with studies 
of the history of settlement, irrigation systcms, 
ancient crops and salinization, by excavation, cera- 
mic surface survey and palaeobotanical inquiries. 
A report covering Lhe period June 1957 to June 1958 
has been prepared by Professor Jacobsen [99]. 
The present soils in the irrigated plain are alluvial, 

largely man-made as a result of irrigation. At Tell 
Asmar, the soil on which the first settlement stood 
in 4000 B.C. is now 10-11 m. below the surface, in Lhe 
Diwaniya area the same layer (from the Ubaid period) 
is now 6 m. below the surface and at Ur 2 m. The 
groundwater which moves through these old settlement 
layers is extremely saline, and this is the immediate 
source of the salts. When land is irrigated, the magne- 
sium precipitates as carbonate, the sodium stays 
in soil solution. If the water table is high, the sodium 
concentration in the topsoil increases, causing defloc- 
culation of colloids, and in turn causing the clay 
structure to disappear and the soil to become imper- 
meable. The water table m a y  rise through floods, 
rain, irrigation and capillary action; this action is 
slight in dry clay, considerable in wet clay. Sodium 
chloride and sulphate are the most common salts, 
but others present in lesser amounts include calcium 
and magnesium chlorides, magnesium sulphate and 
magnesium and calcium nitrates. 
From references to salinity and saline conditions, 

a rough outline of the distributional picture can be 
obtained, showing two major concentrations distinct 
in time, area and kind of salt involved. The first 
begins with the earliest mention of salt as an agency 
destructive of cultivation in documents from Girsu 
as early as 2400 B.C. and continues to 2100 B.C. 
when the evidence suggests sporadic salinity to have 
been present over most of southern Babylonia; the 
salt appears to haye been white, non-deliquescent 
sodium chloride (in Arabic Shura). Then the sources 
are silent for some 800 years, until references to salt 
begin again about 1200 B.C., but now from northern 
Babylonia and relating to the deliquescent ‘wet 
salt’ (calcium or magnesium chloride, in Arabic 
Sabkh). This continues to the Neo-Babylonian period 
(c. 600 B.C.); again the sources become silent and 
continue so to the end of the Abbasid period. Since 
the occurrence of salt and the gradual salinization 
of lands previously salt-free are certain to affect 
cropping patterns and to cause shifts from less to 
more salt-toleran1 crops, it was important to discover 
from carbonized remains, imprints in pottery and 
bricks, and references in ancient documents, what 
types of crops were grown and whether they had 
any relation to increasing salinity of the soils. Two- 
row barley ( H o r d e u m  distichum) and types of Ein- 
korn and Emmer wheats very close to the wild species 

were cultivated in northern Iraq in the Jarmo period 
(C. 6000 B.C.) and continued through the Hassuna 
(5000 B.C.) and I-Ialaf (4,500 B.C.) periods, while 
southern Iraq, deficient in rain, still lay uninhabited, 
visited only by nomads for game and spring grazing. 
When southern Iraq was finally settled in the Ubaid 
period around 48200 B.C. the settlers brought E m m e r  
and barley, not the two-row variety of the north 
but a six-row variety, H o r d e u m  hexastichum, of still 
unknown origin. The only other field crop of this period 
was flax. Cultivation of Emmer and harley with the 
new techniques of irrigation agriculture continued 
through the Warka (c. 3800 B.C.) and Protoliterate 
(c. 3500 B.C.) periods, imprints of grains show that these 
farmers produced crops of high quality, N e w  crops 
begin to appear about 3300 B.C.-naked wheat, millet 
( P a n i c u m  sp.) and garlic. The field crops of the Early 
Dynastic (3200 B.C.) and Protoimperial (c. 2400 B.C.) 
periods increase steadily in variety; the Sumerians 
recognized several different varieties of Emmer and 
barleys. Onions and pulses including peas appear, and 
in the following Agade period (c. 2300 B.C.) we find 
sesame, chickpeas and beans ; cress, known earlier, 
is common in Kassite times (c. 1300 B.C.); rice, 
perhaps introduced from India in late Achaemenid 
times, appears in the Diyala studies in the Seleucid 
period (c. 300 B.C.). 
Evidence shows that a fall in the acreage of the 

less salt-tolerant wheat in favour of the more salt- 
tolerant barley coincides with the early references 
to salinity in Girsu and southern Iraq generally. 
Wheat as a percentage of total crop acreage in south- 
ern Babylonia was 16 per cent in 2400 B.C., 1.8 per 
cent in 2100 B.C. and zero in 2000 to 1700 B.C. In the 
rain-fed area of Chemchemal-Kirkuk, wheat repre- 
sented 32.9 per cent of the cultivated land in 2300 B.C. 
Yields also, originally about the same as nowadays, 
dropped due to salinity in southern Babylonia. In 
about 500 B.C. the tenant had to pay two-thirds of 
his yield to the owner when the latter supplied seed 
and ploughing oxen, or ten times the seed if only 
the seed were provided by the owner. The yield was 
about 15-fold, although Herodotus claims it was 
200- to 300-fold. The production of barley in south 
and central Iraq in the early Abassid period was 
about 840,000 tons; in 1956,550,000 tons. The compar- 
able figures for wheat are 600,000 and 207,000 tons. 
The Diyala group used the statement of the com- 

plete ancient cycle of agricultural works contained 
in the Sumerian Georgica, earliest of agricultural 
handbooks, to discover whether these practices had 
any bearing on the history of salinization in Iraq. 
This was done because the occurrence and degree of 
salinity in cultivated areas may be considerably 
influenced by the prevailing agricultural practices, 
by the intensive or extensive use of the land, the 
amounts of irrigation water used, factors which tend 
to be more critical the more vulnerable an area is or 

96 



Evolution of land use in south-western Asia 

may become through a rise in the water table. The 
Sumerian Georgica contains the instructions of the god 
of farming, Ninurta, to his son; according to Jacobsen, 
it would seem to have been composed in the south 
of Sumer at some time during the Third Dynasty 
of Ur (c. 2100 B.C.) and to have been copied repeatedly 
(see also 1112, 1191). Jacobsen presents a paraphrase 
of the text with frequent quotations, relating to the 
following practices : 

Practice Months 

Preparatory irrigation 
Weeding 
Preparing the ploughing teams 
Ploughing and harrowing 
Clod-breaking with mattocks 

Sowing 
Gathering of clods 
Irrigating (four for barley at 
specified times) 

Reaping 
Preparing the threshing floor 

Threshing 
Winnowing 

and hoes 

and bringing in harvest 

June/July 
July/ August 
August 
September 

September/October 
September/October 
October 

November to February 
March/April 

May 
May/June 
June 

The Diyala team comments in more detail on irrigation, 
seeding rates, drainage, fallow and the question of 
summer crops. The seeding rates in central and 
southern Iraq were remarkably low, due to the wide 
spacing of the furrows. There is no evidence that 
drainage of irrigated land was practised. Some of the 
effects of drainage m a y  have been achieved by the use 
of the weedy fallow, particularly when the deep- 
rooted weeds Prosopis steplteniana and Alhagi mau- 
rorum were present to dry the soil deep down and to 
create a protective dry zone between the water 
table and the root zone (Professor J. C. Russel). 
The Diyala study shows that a particularly close 

relation existed between the flourishing of irrigation 
agriculture and the presence of a stable and vigorous 
central government. W h e n  these government centres 
weakened, and internal conditions became disturbed, 
the great disastrous abandonments of land took 
place, accompanied by incursions of nomadic tribes 
and damage to the irrigation systems. Irrigation 
agriculture itself is particularly vulnerable; since 
it must rely on water supplies from beyond regional 
borders, it is likely to be disastrously affected by 
floods arising in these supply areas, and is also seriously 
affected by siltation. It is felt that the relative height 
of the water table m a y  in fact have been the crucial 
factor in the history of southern and northern Baby- 
lonia. The evidence shows that, afLer some 1,000 
to 1,500 years of the successful irrigation agriculture 
which produced the brilliant Sumerian civilization, 
a very serious salinity problem developed. From 
about 2400 to 2000 B.C., severe salinity had detri- 

mental effects on crop preferences and yields. W h e n  the 
country thus became progressively weakened eco- 
nomically, the long political and cultural supremacy 
of the south could not be maintained and the last 
Sumerian Empire, the Third Dynasty of Ur, fell. 
By 1700 B.C., when wheat had completely disappeared 
in the south, and barley yielded only 879 litres 
per hectare, the centre shifted to the north, where 
Babylon under Hammurabi began to emerge. From 
this disastrous first salting up of its lands the south 
never really recovered, although human skill and 
tenacity made it possible to maintain a certain amount 
of production. It was never finally abandoned, but 
could not regain its earlier economic and political 
leadership. There is no evidence of a similar spread 
of salinity in the middle and north of Babylonia, 
Akkad. 
Toynbee [Ni] uses the Tigris-Euphrates basin 

as an example to support his belief that loss of com- 
mand over the environment is the determining 
factor in the breakdown of civilizations. According 
to L e  Strange [122], the historian Baladhuri dates 
the origin of the Great Swamp as far back as the 
reign of the Sassanian king, Kubadh I, near the end 
of the fifth century A.D. The dykes along the Tigris 
channel as it then ran had been neglected for many 
years; the waters suddenly rose and poured from a 
number of breaks in the dykes, flooding the low- 
lying lands to the south and south-west. During 
the reign of Anusliirwan the Just, son and successor 
of Kubadh, the dykes were partially repaired and 
the lands brought back under cultivation; but under 
Khusraw Parwiz, the contemporary of the prophet 
Muhammad, and in about the year 7 or 8 after the 
Flight (A.D. 629) the Euphrates and the Tigris again 
rose, and in such a flood as had never before been 
seen [122]. ‘The waters could in no wise be got back, 
and the swamps thus formed became permanent. ’ 
Subsequent invasions, diverting care from the land, 
consolidated the position, and thereafter in the 
thirteenzh century the whole irrigation system of 
Iraq was allowed to go to ruin [ZlO, 2111. Why, asks 
Toynbee, did the inhabitants of Iraq abandon the 
conservation of a system which their predecessors had 
successfully maintained for some thousands of years 
without a break-a system on which the agricultural 
productivity and the maintenance of the dense popu- 
lation of the country depended? This lapse in a matter 
of technique was, according to Toynbee, not the cause 
but the consequence of a decline in population and 
prosperity which was in itself due to social causes. 
Both in the seventh century of the Christian Era 
and afterwards in the thirteenth, the Syriac Civili- 
zation was at so low an ebb in Iraq, and the consequent 
general state of insecurity was so extreme, that 
nobody had either the means of investing capital 
or the motive for employing energy in river conser- 
vancy and irrigation work. In the seventh century 
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the true causes of the technical failure were the 
great Romano-Persian war of A.D. 603-628 and the 
subsequent over-running of Iraq by the primitive 
Muslim Arabs; and, in the thirteenth century, the 
Mongol invasion of 1258 which dealt the Syriac society 
its coup de grace. Jacobsen and Adams [loo] however 
show that the Mongol invasion was not the cause of 
failure of the irrigation networks, but that internal 
political and economic deterioration was responsible 
both for the breakdown and for the weakness which 
invited Mongol inroads. 
In south-west Asia and North Africa an important 

supply of water is obtained from underground infil- 
tration tunnels or ‘horizontal wells’, variously known 
as Kanats, karez or foggaras [7, 4~71. W h e n  the Aryans 
first settled on the Iranian Plateau they supplemented 
the natural rainfall with irrigation from rivers and 
springs. According to Feylessoufi [69], they also 
turned their attention to the best method of utilizing 
the underground water. They started to dig canals 
at the foot and on slopes of the hills. As they approach- 
ed the higher hills and mountains, the depth of the 
canals began to increase until the excavations took 
the form of tunnels or underground galleries. It was 
not easy to excavate these with their continually 
increasing depth; furthermore, in order to ventilate 
these galleries and to provide facilities for their 
excavation, it became necessary to dig vertical shafts 
from the surface down to the gallery level. Thus it 
became possible to collect the water provided by rain 
and snow following its infiltration through the soil 
and to use it for drinking water or irrigation. The 
exact date of digging of the first kanat in Iran is not 
known, but ancient literature seems to indicate that 
the practice dates from before the Islamic era. Cressey, 
however, takes it further back, stating that it origi- 
nated more than 2,000 years ago, and that the palace 
city of Persepolis is thought to have been supplied 
by kanats about 500 B.C. 

There were, of course, other but lesser developments 
of irrigation agriculture in historical times which 
it would be interesting to follow. Petra and Palmyra 
in their most prosperous days in the later part of 
the Roman era stood in the midst of irrigated gardens 
such as still surround Damascus. The irrigation system 
around that city was built by the Ummayid Jesid I 
(A.D. 600-683). In 1230 Kassar ibn Abi-al-Kasim built 
irrigation works with large water wheels on the 
Orontes in Syria. 

SOME HISTORICAL SEQUENCES 

So far we have made the point that the general 
pattern of land use in our region of study was laid 
down in very early times, and that the events of 
subsequent periods did not greatly change this basic 
pattern. It would, however, be of great value if 

siudents were in future to trace the complete agrarian 
history of the different natural subdivisions or political 
units within the region from the earliest days to as 
recent a period as possible. As already indicated, 
such a study would involve a review of literature 
sources quite different from those used for the pre- 
cecling secLionS. Instead of the liberature which is 
primarily of an archaeological nature, it would be 
necessary to study, for example, the Greek, Roman 
and Byzantine periods, Lhe history of the campaigns 
of Alexander the Great, the story of the Arab out- 
pourings of peoples and livestock from the Arabian 
peninsula, and the history of the Turkish domination. 
All these events had a marked effect on the basic 
land resources in relation to the degree of use and mis- 
use which they practised, and the land, in its stages 
of continuous progressive deterioration, had a marked 
effect on the parallel stages of human development, 
governing what was or was not possible in the provision 
or production of food, grazing, fuel, timber and other 
economic needs. Several examples of this alternative 
approach will now be given. 

PALESTINE A N D  SYRIA (6000 B.C.-A.D. 1917) 

It so happens that two writers, probably using the 
same source material, have described a complete 
history for that part of our region which was recedy 
Palestine and now comprises Israel and part of the 
Hashemite Kingdom of Jordan [163, 1641, 1871, and 
to some extent also of Syria. A brief summary of 
this history is presented primarily as an example 
of a desirable objective of research (see also 
Albright [3]). 

Prehistoric period : the beginnings of agriculture 
(c. 6000-3000 B.C.) 

The beginnings of agriculture and possibly of the 
domestication of animals are found in the Natufian 
period of the Mesolithic (seventh to sixth millennium) 
[41]. The discovery in a cave on Mount Carmel, by 
Dorothy Garrod, of flint sickles set in curved bone 
handles is taken to indicate that cereals were culti- 
vated, and Aaronsohn has found wild wheat and 
barley on the slopes of Mount Hermon and in the 
Jordan Valley. In the Neolithic (sixth to fifth millen- 
nium) and the Chalcolithic (c. 4,000-3000 B.C.) periods, 
first copper and then bronze implements appeared, 
with stone objects stiU predominating. Cities devel- 
oped wherever springs permitted human settlement, 
and Albright [3] has called the Chalcolithic the 
‘irrigation culture’ because it was then that the 
digging of canals and the building of dams began, 
not only in Palestine but also in Predynastic Egypt. 
Crops in the fourth millennium were wheat, barley, 
durra millet, olives, figs, grapes, sesame and flax. 
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Bronze Age (3000-1200 B.C.) 

Egypt and Mesopotamia had a great influence on the 
irrigation culture of Palestine, and with the arrival 
of the descendants of Abraham in the eighieenth 
century E.C. agriculture must have attained a high 
standard. The presence of numerous flocks is men- 
tioned in the Sinuhe story and the irrigation culture 
of the Jordan Valley is described in the Bible. Timber 
was being exported from the Lebanon to Egypt, 
and cedars from both Lebanon and Syria. 

Early and Middle Iron Age (1200-586 B.C.) 

Canaanite settlements were mostly situated on foothills 
near fertile plains where springs or wells provided 
the necessary water. With few exceptions, the moun- 
tainous regions were not occupied by a sedentary 
population before the arrival of the Israelites. The 
invention of a mortar impervious to water made 
possible the eons truction of cisterns for the storing 
of rainwater and explains the rapid expansion of 
Israelite settlement in the mountainous regions. 
The woodland in the Judaean and Samaritan moun- 
tains was eut down and turned into arable land. 
The plough was still of the primitive type. Wheat 
was used for bread, barley for fodder. Hillsides were 
carefully terraced. Ancient wine and olive presses 
were widespread. There was a tendency against the 
formation of large estates, but there were already 
crown domains with special jurisdiction in Davidic 
times. Although primarily needed for the copper 
mines or for felling timber in the Lebanon, it appears 
that forced labour was also used on these royal 
estates. A strong administration safeguarded the 
flourishing agricultural community and protected 
it against nomadic raids, but the small farmers, who 
paid heavy taxes in kind, were faced with the encroach- 
ment of the State and big landowners. 

Neo-Babylonian, Persian and Hellenistic period 
(586-63 B.C.) 

The Babylonian conquest almost entirely devastated 
the flourishing villages and towns in the Judaean 
Mountains; only half the population of 300,000 sur- 
vived at the end of the eighth centhry B.C. and the 
cream of the population was carried into captivity. 
The southern hill country was, gradually occupied by 
Adomites and the country was open to attack by 
Ammonites, Edomites and Arabs. The land began 
to recover after the fall of Babylon in 539 B.C. and 
the return of the Jews, but the rich, who had in the 
meantime accumulated large estates, were obliged 
to return them again to the peasants. After the 
overthrow of the Persian Empire by Alexander the 
Great, Greek influence became dominant, great urban 
centres were formed or small settlements became 
cities in the Hellenistic sense of the word. In the 

beginning of this period, agriculture was the chief 
occupation throughout the Fertile Crescent, but with 
the establishment of large estates by the State came 
high officials of big landowners, a tendency which 
became more marked in the Roman period. 

Roman period (64 B.C.-A.D. 330) 

In no period of the history of the Levant was so much 
land brought under cultivation, supported by the 
construction of magnificent aqueducts, irrigation 
works and other devices for the conservation and 
supply of precious water to marginal areas. Although 
it was s~i3.I the practice to leave half the land fallow, 
rotation of crops came to be known, organic fertilizers 
were applied, and terraces were well in evidence. 
The flourishing conditions in the Fertile Crescent 
under Roman rule were due to the strong and efficient 
administration, and to the protection afforded against 
nomadic invasion from the desert. Taxes were low 
at first, but later increased considerably. The distinc- 
tion between urban and rural life became more marked, 
the formation of large estates continued until the 
third century A.D., when a devastating inflation took 
place, levies to support the armies weighed heavily on 
the agricultural population, and a profound change 
took place in the general state of agriculture. 

Byzantine period (330-640) 

Continued inflation, the increase of taxation from 
what had been one-fifth of a tenant’s produce in 
Ptolemaic times to one-half, and a chronic state of 
indebtedness caused the peasant farmers to leave 
their land, thus leading to a great shorLage of agricul- 
tural labour. A law was introduced to tie the peasants 
to the land, a servile or quasi-servile system of land 
tenure which reduced personal initiative on the part 
of the eoloni and produced a deplorable inefficiency. 
The formerly flourishing towns also suffered through 
the inflation and the oppressive taxes for which they 
were held responsible. The land soon became the 
private property of big feudal landowners, but yet 
these general conditions, although hard on the indivi- 
dual, had in many respects a beneficial effect. The 
establishment of the water-distributing installations 
in the Negev was done by forced labour, and the 
population of that area is estimated to have been 
about 80,000-100,000. Churches and monasteries were 
erected throughout Syria and Palestine, and these in 
turn gave rise to flourishing communities. The strong 
hand of the State guaranteed safety from nomadic 
raids and brigandage. 

Early Arab and Crusader period (640-1250) 

When the Arabs invaded the countries of the Fertile 
Crescent, including Syria and Palestine, and defeated 
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the Byzantine forces on the Yarmuk River in 636, 
they found a smoothly working Byzantine adminis- 
tration to support the machinery of State. After the 
Arab conquest, the type of land use began to change 
fundamentally, since the new masters were stock 
husbandmen driven out of their desert homes by a 
combination of religious fanaticism and economic 
necessity. So the natural vegetation was destroyed, 
terraces were neglected and land deterioration was 
general. In the first centuries of Abbasid rule, however, 
agriculture revived, deserted farms and ruined 
villages were gradually rehabilitated. Then in the 
tenth century, internal rivalries led to a sharp decline 
in the prosperity of the Abbasid rule, and early in the 
eleventh century the situation was ripe for the success- 
ful incursions of the Crusaders. Although the native 
peasantry now paid their rent and taxes to the new 
masters instead of to Byzantine or Arab overlords, 
and the feudal oppression was very hard, it appears 
That Syria and Palestine were flourishing lands. 
The Jericho area had abundant trees, palms, fruits 
and sugar plantations, the neighbourhood of Jeru- 
salem and Hebron was rich in wheat, vines, carobs 
and fruit trees. In 1189 the Latin Kingdom of Jeru- 
salem came to an end in much of the country, and 
in the first half of the thirteenth century, Syria and 
Palestine were the scene of feuds between various 
Arab princes and the Crusaders. 

Turkish period (1516-1917) 
The Ottoman Dynasty ruled the Near East. for four 
centuries after Selim I defeated an Egyptian army 
near Aleppo and the Mameluke rule came to an end. 
Many districts were now turned into crown domains 
and granted to native nobles of Turkish officials for a 
period of one year only. The Imperial Government 
was too weak to control the powerful tribal chieftains 
or local governors. The demands of these overlords 
for levies amounting to one-half or two-thirds of the 
crops increased the indebtedness of the peasantry, 
who abandoned the countryside, and sought refuge 
in the cities. Palestine was the most deserted district, 
being so overrun by Bedouins that it became impos- 
sible to travel in safety from Gaza to Acre. The 
Turkish Mesha system of tenure, under which land 
is held in common by village communities and is 
divided into shares instead of arcas, also had a devas- 
tating effect on agriculture. No one was interested 
in investing money and labour in land which contin- 
ually changed hands by lot. Terraces were not main- 
tained or constructed, no trees planted, and no 
manure applied to the land. The practice of plough- 
ing up and down the slopes was introduced, since each 
m a n  was given strips covering both the flat and the 
steep Iand. 

IRAN (SO000 B.C.-A.D. 1925) 
Mamelulce period (1250-1517) 

Towards the end of the thirteenth century, the Levant 
suffered from Mongol invasions [loi] until they were 
halted by the Egyptian Mameluke Sultan Beybars, 
who also broke the last Frankish resistance in 1291. 
The flourishing towns of Ascalon, Arsuf and Caesarea 
were laid in ruins and most of the cultivable land 
was given as fiefs to Mameluke knights and emirs. 
Although the former system of taxation was at &st 
retained, in 1313 a uniform system was adopted, 
and the peasants became serfs of their lords. The 
temporary character of the feudal land tenure prevent- 
ed the formation of landed estates, except in the 
rapidly growing sugarcane plantations, where forced 
labour was employed. In the Muslim world, unculti- 
vated lands were always considered as commons, 
the right of pasturage on them and on stubble land 
being accorded to all herd-owners. This, combined 
with the absence of any restraint on forest exploita- 
tion, had a disastrous effect on the natural vegeta- 
tion. ‘The exorbitant taxes, famine and the plague 
resulted in a sharp decline of the population towards 
the end of ihe fourteenth century. If w e  add to this 
the invasion of the Tartar hordes in 1401, it is small 
wonder that at the end of the fifteenth century the 
pilgrim Felix Fabri was able to state that the land 
of Palestine was a desert. because there were no 
people to cultivate. ’ (Reifenberg [163].) 

Prehistory 

At a time when the greater part of Europe was 
covered by glaciers, Iran was passing through a 
pluvial period, during which time the great salt 
desert of the plateau was an immense lake, fed by 
rivers from the high mountains. M a n  at this period 
was a hunter, while women gathered edible roots 
or berries and made the first experiments in agricul- 
ture on the alluvial terraces which were formed at the 
mouths of rivers [75]. Progressive drying up of the 
valleys, caused by a period of drought which occurred 
between 15000 -and 10000 B.C., and the shrinking 
of the central lake left fertile land which became 
covered with rich pasture and savannah. The hunter 
followed the animals down the mountainsides, extend- 
ed his agriculture and became a stockbreeder, as 
indicated by the bones of domesticated sheep and 
oxen found at Siyalk (Period I). The remains of stone 
spindle whorls, used in a primitive textile industry, 
are evidence that flax was grown in the area. 
Bones of the greyhound and Przewalski horse, 

found in Period II at Siyalk, show that these were 
domesticated around 4000 B.C. The Przewalski horse, 
thought to be intermehte between the onager and 
the modern horse, would have greatly facilitated 
field work. The plough was in use, and communal 
labour brought about land clearing and irrigation. 
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Wheat, barley, fruit and cattle were the chief agricul- 
tural products, and were used as primitive currency. 
In this way plants and trees were spread from Iran 
to Egypt and Europe; millet from India was found 
in Italy and European oats and poppy appeared in 
Asia and China. 
The urban life which, during this period, grew up 

in the fertile plains of Mesopotamia was impossible 
under the harsh conditions prevalent in the plateau, 
except in Elam, situated in the Plain of Susiana, 
a geographical extension of the Mesopotamian Plain. 

Third millennium B.C. 

During this period a slow inatration of peoples, 
believed to have originated in Russian Turkestan or 
farther afield, took place in the north-east, pene- 
trating to the very heart of the plateau. The new- 
comers brought with them a nomadic way of life, 
and though there was conflict with the urban civili- 
zation of Mesopotamia, economic intercourse took 
place, since Iran was rich in raw materials. 

Second millennium B.C. 

The second millennium marked the appearance of 
the Indo-Europeans in the Near East. These warrior 
horsemen introduced the horse and horse-breeding 
into Iran (the Babylonians called the horse ‘the ass 
of the East’), and two of their many tribes were the 
Medes and Persians, future empire-builders. Their 
fusion with the Kassites led to vigorous progress; 
rural centres grew larger, though the expansion of 
agriculture was still retarded owing to lack of water. 
Nomadism or semi-nomadism was the accepted way 
of life. 

First millennium B.C. : the Iron Age 

A second invasion of Indo-Europeans, probably in 
search of new pastures for their larger flocks, coincided 
with the increased use of iron. Production expanded 
and hitherto uncultivated fields came under the 
plough. Agriculture and stockbreeding centred round 
the city-states, each of which was surrounded by 
gardens and fields. Around 900 B.C. the kingdom of 
Urartu was founded in the north, in a fertile, well- 
watered region with a favourable climate, characte- 
rized by extensive forests. Gigantic irrigation works 
were undertaken, transforming vast areas into agri- 
cultural land; sheep and horses were bred. 

Ninth to fourth centuries B.C. 

Media was conquered by the Assyrians, though 
freedom was regained in 626 B.C. Scythians and Cim- 
merians poured into .the Near East, laying waste 
to Urartu and spreading westwards. Battles took 

place between the Medes and Persians, leading finally 
to the victory of the Persian Cyrus. The Achaemenids 
were humanitarian conquerors, granting land to the 
vanquished, and preserving individual city cultures. 
The army dug vast irrigation canals and new areas 
of land were cultivated. Taxes were paid in horses, 
cattle and food as well as in precious metals. Cyrus 
exempted the inhabitants of Persis from any fiscal 
liabilities, though they brought him presents of fine 
fruits on all festivals, and peasants greeted him with 
similar gifts whenever he passed; he frequently joined 
them in their meals of a mess of figs, the fruit of the 
pistachio tree, and sour milk. 
Darius fostered an interest in arboriculture and the 

propagation of new species. Under his orders, fruit 
trees were transplanted to Asia Minor and Syria, and 
due to his efforts rice was introduced into Mesopo- 
tamia, sesame to Egypt, and a degree of forest exploi- 
tation was practised. Darius was also responsible for 
the establishment of a great water basin in the Herat 
district, designed to facilitate steppe cultivation. 
Wheat, barley, vines and olives were the chief 

crops; cattle, sheep and goats were bred extensively, 
as well as draught animals such as mules, donkeys 
and, of course, horses. Bees were kept, since honey 
was used for sugar. 

Fourth to Jirst century B.C. : Alexander and the Seleucicls 

For the first time wealth gained in conquest was used 
for development purposes. Colonists from Greece 
and Macedonia received land, seed, cattle and a house, 
and many new settlements grew up, especially in the 
fertile area between Kermanesh, Hamadan and 
Burujnd. Irrigation canals, damaged during the wars, 
were repaired and new canals and drainage works 
undertaken. A flourishing economy arose based on the 
export of wood, clothing, drugs, seed corn, carpets, 
lead and metals, and also of pedigree dogs ! Papyrus 
was planted in an effort to break the Egyptian monop- 
oly, and parchment was produced. An increase in 
plant culLivation spread to southern Europe, espe- 
cially Italy, where the introduction of cotton, lemon, 
melon, sesame, the oriental nut, dates, olives and 
figs, as well as the Asiatic ox and the duck, brought 
about an agrarian revolution. Agricultural techniques 
were developed to a degree unknown under later 
Islamic times. Triple crop rotation was practised; 
a new plough, together with new methods of vine 
cultivation, of forestry, orchard and garden man- 
agement and of irrigation were introduced. The divi- 
sion of the former large estates brought about the 
liberation of the peasants. 

First century B.C. to second century A.D. : the Parthians 

Gradual enfeeblement of the empire and increasing 
loss of territory in wars had already led in 248 B.C. 
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to the founding of the Parthian Empire under Arsaces. 
The rise LO power of thc Arsacids, despite continuous 
conflict with the Romans and Scythians, represented 
a victory of the nomadic north over the sedentary 
south. From the middle of the second century B.C., 
revoluLions and revolts following the collapse of the 
Seleucid Empire led to an impaired economy, a fall 
in production and eventually widespread wars and 
pillage. 
Hellenistic principles and institutions gradually 

disappeared; the nomads became ‘ Iranianized’. 
The coming to the throne of Augustus coincided with 
a general desire for peace which was responsible for 
the preservation of the Parthians, whose position 
was far from secure. Iran’s position as middleman 
in growing west-east trade led to the improvement 
of roads, the sinking of wells and provision of cara- 
vanserais. The technical advances made by Rome 
in leatherwork and the manufacture of textiles, 
pottery, arms and glass were repeated in Iran. 
Roman enterprise brought about the creation of 
latifundia at the expense of the former small estates. 
This, in turn, led to the growth of feudalism, which, 
although again imposing restrictions on the peasants, 
also permitted technical advances which would have 
been beyond the scope of the small landowner. Agri- 
cultural science remained static, though advances 
were made in animal breeding. The peach, apricot, 
and sugarcane were introduced from China in exchange 
for lucerne, the vine, saffron, onion, cucumber and 
jasmine. 

Second to seventh centuries : the Sassanids 

Achaemenid traclitions were continued under the 
Sassanids, who were more vigorous rulers than the 
Parthians. Corn, cattle and manufactured goods were 
the chief products of a flourishing economy. The 
mulberry and silkworm were introduced during the 
fourth century. During the seven years of Lhe Emperor 
Valerian’s captivity by the Sassanids, he was employed 
in building the Great Weir across the Dujayl (Karun). 
The land which thus came under irrigation produced 
a sugar of particularly fine quality; its dates were 
also famous. This period was characterized by great 
feudal estates where the peasants were tied to the 
land. Corn, oil, wine, fruit and meat were produced 
at each estate for its own needs, and canals and water 
supplies were provided by peasant labour. 

with internecine, tribal, dynastic and foreign wars 
which devastated the country and ruined iis economy. 
The Omayyads ruled Damascus until the Abbasid 
conquesi. in 7419, when Baghdad was founded. The 
Arab generals established towns during their conquests 
to strengthen operations, and trade flourished as a 
result of the Mecca-bound pilgrims. The Arab geogra- 
phers commonly divide Iran into two regions, separated 
by an eastlwest line, referring to them as the Hot 
Lands and the Cold Lands [122]. In mediaeval times 
the Karun River of Khuzistan had a separate estuary 
into the gulf at the town of Ahwaz, and its waters 
were controlled for irrigation by the Shahdurwan dam. 
According to Muqaddasi, the tenth-century writer, 
three canals left the river above the dam with regulat- 
ing sluices to protect the town from inundalion [2l.2]. 
The district watered by the canals was accounted 
among the richest in Persia, and was particularly 
famous for its sugarcane, fully justifying the name 
of the province which means ‘The land of the sugar- 
cane’. However the water was a breeding-ground 
for mosquitoes and malaria was rife in the area until 
the disappearance of the dam. Rice-flour bread was 
the staple food. The same writer describes Shushtar, 
60 miles north, as surrounded by orange, date and 
grape gardens. Flax grew throughout Fars and dates 
were exported. A dam over the River Kur, according 
to Muqaddasi, was ‘one of the wonders of Fars’; 
its waters, with the help of ten water wheels, irrigated 
300 villages, while corn was ground at each mill. 
Ibn Hawkal states that the area north and east of 
Tustar, known as the Lur country, was fertile, though 
exceedingly mountainous. An eleventh-century writer 
referred to the lack of wells at Mahruban, stating 
that the inhabitants relied on rainwater stored in 
cisterns and reservoirs. Provisions came from neigh- 
bouring towns, and fish was Lhe only produce. This 
site has now disappeared, apparently engulfed in the 
Hindiyan delta. Istakhri describes Siraf, the principal 
port of Fars at this period, which was situated near 
the present-day Tahiri, as obtaining all its drinking 
and irrigation water for the cultivation of the narrow 
coastal strip from the mountains above the town. 
Shapur in the tenth century produced sugarcane, 
olives, grapes, fruit, flowers, (fig, jasmine, carob), 
though it was ruined during the twelfth century. 
The great salt lake of Bakhtigan, into which the Kur 
flows, though now surrounded by desert land, was in 
the Middle Ages bordered by many villages and towns 
situated in richly cultivated territories r1221. The 
plain of Marvdasht was famous for its irr&ated corn 

Seventh to eleventh centuries: the Islamic conquest lands. The oak forests of Kamfiruz were roamed by 
lions. The celebrated attar of roses, famous through- 

Iran passed into Arab hands under the Caliph Othman out the world, was made from red roses growing 
in A.D. 652, with the maritime provinces of Iraq, in the plain around Jur; many other perfumes, pre- 
Khuzistan, Fars, Kirman and Makran. From this cious oils and unguents came from this town. The 
period until modern times European sources contain arable plains of Dasht Run gave four crops a year 
few references to agriculture, being chiefly concerned under irrigaiion. 
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Eleventh to thirteenth centuries 

The eleventh century saw the growth of Turkish 
influence in Persia and the Seljuk Dynasty was 
founded, lasting until the Mongol invasion. Under 
the Seljuks the desert area of Kirman was flourishing, 
cultivated land, but gradually went out of cultivation 
until the invasions of Timur made Lhe ruin permanent. 
The groups of villages which abounded in the fertile 
area of Fars were entirely absent in Kirman. Qais 
succeeded Siraf as the principal pori of Fars. An early 
thirteenth-century writer mentions a species of acacia 
grown in the island, the fruit of which was used for 
tanning. The island was covered with cultivated 
irrigated fields, and with flocks and herds. Palms grew 
extensively. 

Mongol invasion 

The Arab and Turkish rule, while bringing little 
change or improvement in methods of agriculture 
as practised under the Achaemenians and the Seleu- 
cids and during the period of Roman influence, had 
preserved the ancient institutions reasonably well, 
in spite of tribal warfare, impaired economy and 
poor administration. N o w  the appalling devastation, 
abominable massacres, the burning of towns and 
villages and the destruction of crops transformed 
flourishing, cultivated lands into deserts in the wake 
of the Mongol hordes who poured across Asia in the 
mid-thirteenlh century. Only southern Persia escaped 
the onslaught, and, in the words of Sykes [184], 
‘. . . it was probably owing to this happy circumstance 
that the recovery of Iran was ultimately more rapid 
than could have been anticipated’. The Mongols 
were later converted to Islam, and a period of expan- 
sion under the steppe tradition was followed by an 
attempt to subordinate the tribe to settled govern- 
ment. Their failure, however, to solve monetary and 
tribal problems had a disastrous effect on agriculture. 
Flocks grazed on conquered land, migrating from 
summer to winter quarters, and the depradations of 
the nomads were a source of constant anxiety to the 
settled population [118]. Cattle and land taxes were 
universal, the peasants paying twice and the nomads 
once a year. The military were paid by draught, but 
frequently descended on villages and forced levies 
of animals and fodder; villagers, hearing of their 
approach, hid in underground water channels. 
The peasants were frequently on the verge of famine 
so that much-needed distributions of seed were used 
as food. Certain reforms were carried out under 
Ghazan whereby land laid waste after battle was 
reclaimed and taxes on wheat and barley were 
controlled. Advances were made to peasants and 
some dam builcling and irrigation took place. Manuring 
and composting were practised, orchards and vineyards 
were cultivated and flocks and domestic fowl includ- 

ing hens, duck and geese were tended. These measures 
were not, however, widespread and a general decline 
in productivity took place, leading to the break-up 
of the empire into separate geographical and economic 
units, an easy prey for the campaigns of Timur the 
Lame, or Tamerlaine. Timur was renowned for his 
justice and clemency and, though he sprang from 
nomad stock, appreciated the value of settled agricul- 
ture and encouraged arable farming and land settle- 
ment. Waste land was exempted from liability to 
tax during the first two years of reclamation. New 
irrigation works were built. Mustawfi, writing during 
the fourteenth century, described the forests of Fars 
which abounded with lions. According to him the 
plain of Dasht Arzin was famed for its pastures, 
and, near the town of Kavar, was made fertile by a 
d a m  thrown across the Sakkan for irrigation purposes; 
sour cherry, almonds and pomegranate grew there. 
Awjan, on the Sarav River near Lake Urmia, was 
surrounded by cotton, corn and fruit. Mustawfi 
attributes the Sha’b Bavvan’s fertility, one of the 
Muslim earthly paradises, to the fact that the sur- 
rounding hills stored the winter snow, ensuring water 
during summer. Marand was famous in his time for 
rearing the Kirmiz-worm (cochineal). 

Safavid Dynasty 

This dynasty was separatist, which roused the 
hatred of the Traditional Ottoman ruler who defeated 
Ismail in 1514, laying waste to the land. However, 
when Turkish fanaticism lessened the Sultan treated 
with the Persians as with a defeated power, and in 
1555 it was agreed to respect frontiers as they then 
stood. Anarchy followed the death of Tahmasp, and 
in 1587 Shah Abbas I, a wise and able ruler, came 
to the throne. After defeating the Uzbegs, he safe- 
guarded the frontier by placing there the flocks 
and families of several thousand nomadic Kurds. 
Realizing, however, that his forces were insufficient 
to defeat the Sultan, he made a peace which brought 
Turkey to the Karun and the Caspian, In the meantime 
he created a regular army, trained with the assis- 
tance of the English Sherley brothers, in high favour 
at his court, and lost territory was regained after 
a series of campaigns against the Turks. Trade was 
encouraged, bridges and roads and caravanserais built 
and brigandage repressed. His religious devotion 
deeply impressed his subjects and he is generally 
accredited with welding the Turks, Arabs and Persians 
under his rule into a nation and creating a national 
spirit [118]. The capital was built at Isfahan. 
During this period conditions were similar to those 

under the Seljuks whereby a mixture of settled and 
nomadic existence prevailed. Under the ’ ancient 
crop-sharing system the landowner provided all the 
necessary water and all or half the manure required. 
The peasant worked the land, sowed and harvested 
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and bore all cultivation expenses, gaining one-quarter 
to one-half of the produce. The landowner took one- 
half to two-thirds of the produce of fruit trees, and 
of ordinary trees two-Lhirds. Of rice, millet, cotton, 
beans, fenugreek, melon and pumpkin crops the 
peasant received two-fifths, and of opium eleven 
twenty-eigh ths. 

After Shah Abbas II, who ruled from 1642-1667, the 
Safavids declined, followed by a period of Afghan 
domination in the eighteenth century, remarkable for 
the ruin and disorder which it brought. 

Control of trade had been wrested from the Arabs 
in the fifteenth century with the arrival of the empire- 
building Portuguese, who gained control of the Gulf 
with the island of Hormuz as their trading depot. 
Lord Curzon describes them as fanatical and oppres- 
sive, and their constant raids on Persian ports had 
long roused the ire of its rulers. With the arrival of the 
British in 1601, the Shah saw hope of delivery. Their 
broadcloth was traded in Persia, since the Indian 
climate was unsuitable for its use in that region, and 
in exchange silk was traded, thus breaking the Turkish 
customs monopoly. English assistance was sought 
in dislodging the Portuguese. The island of Kishur, 
which provided Hormuz with water and supplies 
(Hormuz was entirely barren, since it was covered 
with a salt efflorescence), was captured and Hormuz 
finally defeated, thus ending Portuguese domination 
in the Gulf. 

Ghilzai Dynasty 

During the Afghan rule the Russians gained territory 
under Peter the Great, and, under a treaty with the 
Turks, gained the three Caspian provinces (which 
were restored at his death) while the Turks gained 
the western provinces held before Shah Abbas. 
A Persian revivd took place and the combined forces 
of the dethroned Tahmasp and Nadir (who later 
assassinated Tahmasp) defeated the Afghans and 
regained much territory lost to the Turks, as well as 
marching through Kabul and Peshawar to Delhi, 
where the Indian army surrendered. Nadir was the 
last great Asiatic eonqueror, but the tremendous 
riches gained in his battles were not used wisely and 
his great abilities declined into avarice and cruelty. 
Afghanistan was founded at his death in 1747. From 
1750 to 1794 the Zand dynasty ruled in Persia until 
their defeat by the Qajars. 

Qajar Dynasty (eighteenth to twentieth centuries) 

Aga Mohammad Khan was crowned in 1796 after 
reducing various factions in the country to obedience. 
The early period of this dynasiy’s rule was charae- 
terized by insecurity, which naturally led to apathy 
in the peasants’ attitude towards their land. 

Napoleon atternpied to gain influence in Persia 

since he wished to use it as a base for his fantastic 
plans in India. In 1814 a treaty concluded with the 
British ensured an agreement that Persia would 
conclude no treaties with enemies of Britain in return 
for an annual payment of £150,000 should Persia 
enter into any war. There were, however, wars with 
Russia in an unsuccessful attempt to regain Georgia, 
and with Afghanistan for Herat. As a result the 
country was on the verge of revolution and bankruptcy 
at the death of Mohammad Shah in 1848. 
During this period the bodyguards of the princes 

are described as having a daily payment of barley, 
wheat and straw except in spring when horses could 
gram [118]. Each had an allotment of land for the 
mainienance of their families which they tilled, 
sowed and reaped. The standing army’s depradations 
were a source of terror to the peasants. Fraser [74(] 
states that the country between Teheran and Qazium 
was made a desert by military movements just before 
and after the death of Fath Ali Shah; he mentions 
the cutting of fruit trees near Burujiro by troops. 
Throughout this period the power lay with the 
landowners who kept armed retainers. As large 
regions were tribal areas there was constant strife 
which, in addition to the skirmishes with the Ottoman 
Empire, Russia and Afghanisian, can have done little 
for settled agriculture. The semi-nomads grazed 
their flocks of sheep and goats and also possessed 
eows, horses, asses and bees. In 1829 Malcolm found 
that the tax on land was one-fifth in kind, whether 
wheat, barley, tobacco, silk or indigo, and on vege- 
tables and fruit one-fifth in cash, though this was 
by no means universal; a complicated and variable 
fiscal system prevailed. 
Though little interest in agriculture appears to 

have been shown by Mohammad Shah, apart from 
a distribution of seed to the peasants during a famine, 
his successor, Nasir-u-Din, had a most able adviser 
who endeavoured to abolish corruption, thereby 
arousing such hatred that he was assassinated. 
Unfortunately Nasir then reverted to the old method 
of governing and the country again headed for 
bankruptcy. There are rceords, however, that culti- 
vators were encouraged to work unirrigated govern- 
ment land, chiefiy with rice and grain [118]. Taxes 
on land varied according to the source of water- 
whether it came from a spring, river, underground 
channel, well or reservoir; there were frequent imposts 
for such vital purposes as the financing of a royal 
wedding or the entertainment of a visiting potentate. 
Decay, maladministration, oppression and insecurity 
were generally Characteristic of the entire Qajar 
period. 
Growing discontent and a desire for reform in the 

second half of the nineteenth century led to the 
granting of a Constitution in 1906 by Muzaffer-u-Din. 
His successor, the last of the oriental despots, Moham- 
med Ali, tried to overthrow the Constituiion, but was 
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himself overlhrown in 1909. Trade and foreign 
influence penetrated the country *th the 1907 
treaties with Russia and Britain. Financial difficulties 
under Sultan Ahmad Shah led to the calling in of the 
American Morgan Shuster in 1911 and the Swedes 
io advise on the organization of the police force, 
though the efforts of neither were attended with any 
conspicuous success. 
Sykes states that in pre-war days Russo-Persian 

trade flourished, especially as Russia discriminated her 
tariff in favour of cotton and other raw materials 
such as wool, and also of carpets, dried fruits, wheat 
and barley. Wool, opium, pistachio nuts, carpets and 
some wheat were exported to Britain. In 1923 and 
1926 treaties of ‘perpetual peace ’ were signed between 
Afghanistan, Persia and Turkey and the three Islamic 
states agreed to ‘westernize’ their subjects [184]. 
The end of the Qajar dynasty and the coming to the 

throne of the revered Shah Riza was marked by his 
delermination to secure the complete independence of 
his country and the establishment of law and order. 

IRAQ 

To give a complete sequence of the history of land 
use in Iraq would involve too much repetition, since 
so many examples from the Tigris-Euphrates valley 
or its associated desertic region, oases or ‘hilly flanks ’ 
have already been used. Only a brief recapitulation 
will be given, supported by a chronological table 
(Fig. 7) quoted from Piggott [153] to indicate the 
early sequence and its relation to Iran, the Caucasus 
and adjacent regions (with the qualification that 
the date sequence may have changed, particularly 
in the case of Anau, since the use of the carbon-14 
method). 

6000 B.C. to Halaf-Samarra period 

The oldest traces of human occupation are from the 
Palaeolithic and Neolithic periods, namely in the 
foothill area of the Zagros mountain range in the 
north-eastern part of the country [Zl, 177, 2171, 
although there is little reason to doubt that similar 
sites will not be found in the Iranian part of the 
Zagros adjacent to Khuzistan, the region in which 
Robert Braidwood and his associates are now working. 
It is also probable that there were human habita- 

tions in Palaeolithic times around natural depressions 
and areas of internal drainage in what is now the 
arid country of western Iraq. There is evidence that 
some of these depressions were lakes in those times, 
caused by at IeasL one humid interval (fluvial period) 
which occurred during the Palaeolithic [197]. Flints 
found in the Western Desert near Rutba indicate 
human occupation during the Stone Age. 
The oldest, non-sedentary people lived in caves, 
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but m a y  have occupied open sites as well, and they 
subsisted by food-collecting and hunting. Rock 
paintings of these early people have been found in the 
Zerzi and Hazar-merd caves near Sulaimaniya, and 
near Agra. The oldest evidence of sedentary agriculture 
of the pre-pottery era (Early Neolithic c. 6000 B.C.) 
found near Jarmo, north-east of Kirkuk, has already 
been discussed in sufficient detail [Zl, 2141. Sites 
of this type were apparently followed by more 
settled communities in the sub-montane plain in 
north-eastern Iraq (Hassuna period, approximately 
5000 B.C.). 

City-states, Sumeria, Akkad and Ur 

However, Mesopotamia was not considered suitable 
for human occupation in the Neolithic or Pre-Hala- 
fian period, or during the Halaf-Samarra period, 
and was apparently used only for grazing in spring 
and early summer and for hunting game. Southern 
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Iraq or Lower Mesopotamia was seiiled in the AI 
Ubaicl period (about 4200 B.C.) by the Sumerians 
who brought with them Triticum dicoccoides, Hordeum 
hexasthicum and flax. Flaked chert hoes were used 
for tilling and sickles from hardened baked clay or of 
flint set in bitumen were used for reaping. Game and 
fish were important items in the diet [198]. Crops were 
grown under irrigation and date orchards were found 
along the rivers. 
Meanwhile, the organization into city-states had 

gradually taken place (Early Dynastic period, 2700- 
2400 B.C.). Co-operation and centralized control were 
necessary for the proper functioning of the irrigation 
systems essential to agriculture in southern Iraq. 
One or sometimes two of the city-states would have 
hegemony over the others and the dynasty of kings 
of that Siate would have nominal authority over a 
whole federation of States. However, irrigation 
disputes frequently led to inter-State wars, and there 
were the periodical floods to destroy man’s work. 
These floods and the irrigation, which has been 
practised for about 6,000 years, have had marked 
effects upon the physiographic characteristics of the 
alluvial plains of Iraq. The rivers have changed their 
courses many times, so that the pattern of levee soils 
and basin soils is now found not only in the horizontal 
but also in the vertical direction, causing in many 
places a stratification of alluvial deposit several 
metres thick. The silt-laden irrigation water necessi- 
tates constant cleaning of the system, leading to the 
raising of the banks and finally to abandonment of 
old and the digging of new canals, often parallel to 
the original ones. 

The first central government in Lower Mesopotamia 
was established during the Akkad period (2360- 
2300 B.C., Sargon I) when Sargon first subdued the 
northern tribes and those from the Zagros Mountains 
and then conquered Lagash and the other Sumerian 
cities. His son, Naram-sin, consolidated these 
conquests, but shortly after his reign a catastrophic 
economic collapse took place, accompanied by an 
invasion of nomadic tribes from the mountains to the 
east, the Gutians. This is a recurring pattern in the 
history of Iraq, a period of flourishing economy and 
civilization being interrupted by a period of internal 
strife, followed by economic crisis, and ultimately by 
foreign invasion. Jacobsen [99] writes : 

The internal strife concentrates the attention of the warring 
. local powers on immediately compelling military tasks. 
As the government forces are withdrawn from their peacetime 
function of policing and maintaining law and order, and as 
resources and manpower are drained away from essential 
works to maintain the canal system and from work in the 
fields, rapidly growing lawlessness interferes more and more 
with communications, with commerce, and with the normal 
agricultural pursuits; pasturing and work in the fields 
become difficult and perilous; silting and breaches put 
canals out of function, agricultural production declines 

sharply. If such conditions continue, the results are economic 
disaster, breakdown of orderly lifc, and infiltration from 
plundering nomads across the unprotected borders into fields 
and open areas between the towns, even invasion in force 
by conquering hordes. 

These chaotic conditions continued until a strong 
government was again established under the Third 
Dynasty of Ur. But now a new enemy, salinity, was 
arising to threaten the prosperity and power of the 
State. 

Babylonia, Assyria and the Achaemenian Persians 

After the disintegration of the Sumerian Empire, 
earlier settlements were resumed in other parts of the 
Mesopotamian plain under independent rulers; in 
the central area, settlement extended into swamps 
which were drying up. Meanwhile a western Semitic 
dynasty under Hammurabi, the seventh and most 
important Iring of this Amorite dynasty (beginning 
about 1750 B.C.) became established at Babylon. 
Hammurahi subjugated Ashur, the birthplace of the 
future Assyria. A detailed description of agriculture 
during this prosperous old Babylonian period is given 
by Meissner [131]. Agriculture was an esteemed 
vocation since it was from godly origin. Ninurta and 
Ningirsu were gods of agriculture. A farmer was 
called ‘a man of Ningursu’. Nebuchadnezzar later 
called himself ‘the irrigator of the fields, the farmer 
of Babylon’. It was a saying that tilling of the land 
was as necessary as the fulfillment of marital duties : 
‘A field which is noi cultivated is as a woman without 
a husband. ’ 
The best and most extensive areas were the property 

of the royal family. The priests, as representatives 
of the gods, also owned land and there thus arose 
rivalries with the king. The temples, priests, priest- 
esses and most powerful landlords leased their land; 
the cultivators, however, were in constant debt to 
the moneylenders and bankers. Landowners and 
bankers constructed canals; the cultivators had to 
pay for the use of water (in the case of dates this 
amounted to a quarter of the harvest), and also had 
to maintain the canals. 

Wheat and barley used to be grazed before being 
left for grain. Horticulture was concentrated around 
the towns and horticulturists were usually better 
off than the farmers, especially when the orchards 
were in the fruit-bearing stage. But even they seem 
to have been bound by debis to the moneylenders 
and bankers. Meissner [131] gives some examples of 
lease coniracts between landlords and cultivators. 
The land-tenure system, as well as other aspects of 
agricultural dealings, were included in the Laws of 
Hammurabi. Land was usually leased for one year 
and even if for some reason the land was not used 
after it hacl been rented, payment still had to be made. 
The lease for virgin soil was for three years. There 
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were penalties for trespassing or for negligence of 
the irrigation system and fines were imposed for 
pasturing sheep on cropland without the owner’s 
consent. 
Land preparation, planting and maintenance of the 

crop were usually carried out by local manpower, 
often by slaves, though paid labourers from neigh- 
bouring tribes or countries came for the harvest. 
Dates formed an important part of the diet and many 
parts of the date palm were used for domestic pur- 
poses. The piths were used either as fuel for the 
furnaces of the blacksmiths or as cattle feed. Conquer- 
ing armies did not usually destroy date palms and 
fruit-bearing trees. Figs, pomegranates and other 
varieties of fruit trees were planted between the date 
palms. Wheat, barley and millet were the staple 
crops and sesame the main source of oil. Pulses, 
fiax and various vegetables were also grown. Goat’s 
milk was widely consumed, while in the marsh areas 
fish and the wild boar formed important sources of 
protein. Mesopotamia is, however, repeatedly reported 
to have been deficient in trees for fuel and other 
purposes. 
In Assyria, meanwhile, conditions were different. 

This country, covering the foothills and submontane 
plain of the north, depended on rainfall for its agricul- 
ture. Some irrigation was effected through the sub- 
terranean aqueducts (kanats) and a few canals, 
such as in the triangle between Nimrod, Tigris and the 
greater Zab, and some dams were constructed. W h e n  
the Greeks arrived under Alexander, the irrigation 
syslem had become so ruined owing to the decline 
of the Persian Empire that the Greeks thought that 
the dams had been made to prevent the enemy from 
approaching the towns by ship. 
The main crops in Assyria were wheat, barley, 

some millet and sesame, and the vine, to the cultiva- 
tion of which numerous references are made. The 
olive was introduced. Sennacherib established expe- 
rimental gardens near Nineveh where he planted 
species of plants he had obtained abroad during his 
expeditions. 
The Kassites coming from the mountains in the east 

had conquered Babylon in about 1400 B.C., and Baby- 
lonia was subsequently invaded, frequently by tribes 
who came down the Euphrates. Babylonia then 
became a province of Assyria till, after the sack of 
Nineveh (606 B.C.) by the Medes, a Chaldean dynasty 
temporarily revived the glory of Babylonia. The Neo- 
Babylonian Empire ended when Cyrus, the Achaeme- 
nian Persian, conquered Babylon (539 B.C.). Persian 
kings ruled until 331 B.C. when they were in turn 
defeated by Alexander the Great. The Achaemenian 
Persians did, howcver, establish an orderly State, 
with a well-organized administration. A good road 
system connected the main administrative and com- 
mercial centres. The counlry became prosperous, 
as is illustrated by the fact that, when the Jewish 

exiles were allowed to return to Judaea, only some 
of them left Mesopotamia. 

Seleucid Empire 

After Alexander the Great, Mesopotamia and the 
other areas n o w  comprising Iraq became part of the 
Seleucid Empire (300-100 B.C.). Alexander and his 
successors undertook to urbanize the country [75]. 
Greek and Macedonian colonists were brought in and 
the Hellenistic influence was felt, especially in the 
higher classes of society. The colonists were given 
land, a farm, a house, seeds and cattle. Land was 
also allotted to the cities, and was cultivated by the 
peasants attached to them. They often formed 
communities enjoying a certain degree of autonomy. 
The status of farmers working on the land holdings 
belonging to the cities was, however, better than 
that of the farmers cultivating land belonging to 
temples, members of the royal family, or officials [75]. 
When the stream of Greek colonists slackened the 
prosperity of the cities and consequently of the 
country as a whole declined. Rice first appeared in 
Iraq about 300 B.C., probably as a result of the 
contacts made with the east through Alexander’s 
expeditions to India. 
The Seleucid Empire fell apart into petty States, 

ruled by satraps and feudal lords; finally, the eastern 
part was taken over by the Parthians, while the 
northern area was conquered by the Romans. 

Roman period 

During this period vassal States on the borders, 
such as Palmyra, were first left more or less autono- 
mous, and only in the first century B.C. was a more 
centralized administration imposed. The boundaries 
of the Roman Empire approximately skirled the 
northern part of Iraq. A frontier fortress which played 
an important role at this time was Singara, just 
south of Jebe1 Sinjar. Hatra, a kingdom formed in 
northern Iraq by an Arabian tribe, withstood Roman 
attacks and was only conquered later by the Sassanids. 
Many military expeditions were sent further south 
and east. Mesopotamia was the scene of numerous 
battles between Parthians and the Romans, and later 
between the Sassanians and the Romans, During this 
period there was no marked distinction between 
farmers and nomads in lower Mesopotamia. Tribes 
from Arabia came to graze in the area. 

Sassanid period 

The country became prosperous again under the 
Sassanid king Chosroes (AD. 531-578). Ctesiphon was 
his winter capital. His reign was characterized by 
actions to restore and develop agriculture and irriga- 
tion, rebuild villages, repair roads, etc. Chosroes is 
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particularly noted for an irrigation work of greai. 
magnificence, constructed under his reign. The Diyala 
River had since ancient times irrigated an area east 
of Baghdad, which had followed roughly the same 
pattern of abandonment and re-settlement as other 
parts of Central Mesopotamia. In late Parthian times 
the Diyala was used to full capacity. In order to make 
more water available for the necessary expansion of 
agriculture, Chosroes ordered the construction of a new 
canal, branching off from the Tigris north of Samarra. 
This canal (Katul) was to feed the irrigation system 
in the lower Diyala region and, through the Nahrwan 
canal, to extend the irrigated area east of the Tigris 
almost as far as Kut. The Katul and Nahrwan together 
form one of the longest canals built in history, serving 
an area of over 200 miles in length. Several other 
canals had been dug in the early part of the Christian 
era, all branching off from the Euphrates, running 
in a south-easterly direction and joining the Tigris 
respectively between a location north of Baghdad 
and a point a few miles south of ICut. Some had been 
dug by the Romans during their campaigns against 
the Sassanids to transfer their fleets from the Euphrates 
to the Tigris. 

Arab period 

After the death of Chosroes II feudal lords came to 
power and the Sassanian Empire crumbled into a 
collection of petty States. Disruption of the govern- 
ment administration again led to reduced prosperity. 
Moreover the almost perpetual struggles between 
Persia and Byzantium had exhausted the resources 
of the country. Under these conditions the Arab 
advance could hardly be opposed. Reorganization of 
the administration and resettlement of the rural 
areas took place during the Omayyad and early 
Abbasid periods (A.D. 650-950) Khalid ibn Abdulla 
al Qasri was the energetic governor for Hisham 
(724-7413) who rebuilt dams and reconstructed irri- 
gation systems. Part of the marshy area north of 
Basra was drained in the early Islamic period. At 
this time the Diyala region was one of the most 
prosperous regions of Mesopotamia. 
During the Abbasid and subsequent periods there 

were five main types of land ownership : (a) Khalif’s 
estates; (b) land granted by the khalif; (c) private 
lands; (a) Wakuf lands (donated and held in trust 
for the publie or private benefits); and (e) public 
domains (for pasturing, with rights of use open to 
the public). 
The history of land tenure, chiefly from the rise of 

Islam, has been described by Hassan Mohammed Ali [48]. 

Seljuk period 

With the advance of the Turks in A.D. 937 the Nahr- 
wan canal was breached to inundate the area east 

of Baghdad for defensive purposes. This breach 
was later closed and some resettlement took place, 
but a later flood caused the final disruption of this 
canal system [99]. Meanwhile salinity again began 
to affect agriculture, this time in the central part of 
the alluvial plain, owing presumably to the gradual 
rise in the water table, and reduced the prosperity 
of the region, as it had done in the south in Sumerian 
times. 
During this period the irrigation systems were 

again allowed to fall into a state of general neglect, 
the sultans being more interested in fighting each 
other than in constructive administration. Some 
degree of prosperity was, however, regained under 
certain Seljuk rulers, e.g., Malik Shah. 

Mongol invasion 

Devastation reached a peak during the Mongol inva- 
sion and occupation in the mid-thirteenth century. 
During the three centuries that followed their advent, 
chaos prevailed. There was no security and thus no 
incentive to farming. The irrigation network was 
neglected, farmers were allowed to break dykes and 
banks of ditches and canals as they pleased, and 
canals were not maintained and kept at the required 
depth. Moreover ‘tribe after tribe of nomads from 
the steppes of Nejd and the Jezirah crossed the 
Euphrates to the pastures of Iraq. Grazing grounds 
were allotted to the unending processes of tribal war 
and policy. From the Lurish hills to the Sinjar, 
Iraq became a country of few and small towns, while 
around and between lay tracts grazed and dominated 
by the tribes alone’ (Seton Lloyd [125]). 

Ottoman period to present day 

During the Ottoman era (from the sixteenth century 
onwards) several tribes remained fairly independent. 
A state of confusion prevailed, especially with regard 
to the land tenure system. Little reconstruction took 
place of what had been destroyed and neglected 
during the Mongol period. Taxes were high and tax- 
collectors enriched themselves at the cost of the 
farmers. Some governors were able to regain control 
over the outlying provinces (vilayets) and to estab- 
lish a well-organized administration over the whole 
country. Among these were Ahmed Pasha and 
Sulaiman Pasha, under whom the country was ruled 
through the Mamelukes, administrators of Circassian 
slave origin. 
In 1857, a land tenure law was drafted with the 

object of abolishing the system of land grants to the 
sheikhs. The law, howcver, was inadequately enforced 
and clashes were frequent. Madhat Pasha, Governor 
of Iraq in 1869, tried to solve the confused land tenure 
system which was hindering agricultural develop- 
ment, but later fertile lands were again given to high 
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civil and military officials. In 1883, Sultan Abdul 
Hamid appointed a special committee to study land 
tenure problems and 30 per cent of the cultivable 
land was bought by the government at nominal 
prices. The administration also tried to iniroduce 
other improvements into the rural areas (schools, 
mosques). During the IaLter part of Turkish rule, 
the central government obtained more power and 
the tribal system started to disintegrate, but in the 
Mandate period the tribal system was again upheld 
as a basis for easier control of the country [4]. Also 
towards the end of Turkish rule, efforts were made 
to improve and extend the irrigation system, e.g., 
the barrage at Hindyia. 
During the periods of the Mandate and of indepen- 

dence, further improvements were made in the Lrriga- 
tion system, including the new Hindyia barrage and 
the Kut barrage. Several new crops were introduced 
and found their place in the farming economy (cotton). 
The period following the second world war has been 
characterized by numerous projects financed by oil 
royalties, especially after the fifty-fifty share of 
profits between the government and the oil companies 
was arranged. Major undertakings include the flood 
control projects (Habbaniya Lake, Tharthar Depres- 
sion), and the storage reservoirs in the tributaries 

of the Tigris to regulate the flow in these rivers 
(Dokkan and Derbendikhan dams). A major problem, 
however, remained unsolved : the land tenure system. 
It was not until the revolution of 1958 that drastic 
measures were taken to solve this. The problem 
which is second in magnitude, salinity, has received 
the attention of the various post-war governments 
to an increasing extent. 

T H E  INDUS V A L L E Y  

Prehistoric Baluchistan and the Harappä culture 
(c. 3000-2000 B.C.) 

Agriculture was apparently introduced into the 
region from the west, probably well before 3000 B.C. 
The climate of Baluchistan and Sind must have 
been more humid then, since there are abundant 
traces of ancient occupation in the Baluchi hills, 
and tells of a hundred feet or more are a Tvitness of 
long-enduring continuous .occupation; a large number 
of s tone-built dams and terraces for irrigation indicate 
not only greater rainfall, but also a large population 
to provide the necessary labour for their construction 
[153]. Remains of forests have also been found [95]. 

FIG. 8. Distribution of Gossypiurn arboreum (after Hutchinson et aZ. [97]). 
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The village settlements of Baluchistan and Sind are 
generally of earlier date than the cities of the Indus 
Valley, although some are contemporaneous. Pottery 
was widely used, and there is evidence of metal- 
worldng. Houses were built of mud brick. The domes- 
ticated animals included the humped ox, sheep, ass 
and horse; the evidence for goats is not quite conclusive. 
Trade between Baluchistan (KulE) and both Meso- 
potamia and Harappä is altestecl to. 
The Harappä culture, with its twin capitals, 

Harappa and Mohenjo-daro, covered an area extend- 
ing from the Malcran coast to ICäthiäwär and the 
Gulf of Cambay, north to the Himalayan foothills 
and eastward to the Jumna basin. The origin of this 
culture, which firs1 appears in full maturity, is com- 
pletely unknown. It was a highly organized civilization, 
with standardized artifacts, weights and measures. 
Agricultural production was under municipal control, 

seems to have been an important crop, and probably 
constituted at least part of the trade with Mesopota- 
mia [153]. According to Hutchinson et al. [97], 
however, Herodotus does not menlion colton being 
worn in Babylonia. The centre of origin of Gossypium 
arboreum lies in the Indus Valley (Figs. 8 and 9), 
and the factors governing primary differentiation 
must be sought in the geographical and ecological 
conditions of that region [209]. The domestic animals 
included Lhe zebu, as well as a smaller, humpless short- 
horn buffalo, goat, sheep, pig, dog, cat, camel, horse, 
ass and elephant. Copper and bronze were forged 
and cast from the very beginning. 
The Indus Empire appears to have been ruled by a 

priest-king. Certain elements of present Hindu belief, 
especially the worship of Sakti, the Divine Mother, 
and of Siva, seem to go back to these pre-Aryan 
times. Piggott [153] writes : '. . . the humped bull, 

FIG. 9. Distribution of Gossypiurn herbaceurn (after Hutchinson et al. [97]). 

and great granaries and grain-grinding floors existed 
in the cities [204]. T o  maintain the uncommonly 
high living standard of the urban population, a well- 
organized agrarian system must have existed, but 
there is no direct evidence of its nature or of the 
irrigation devices which mighL be expected to have 
existed. However the Harappans were builders of 
dams, tanks and excellent drainage systems for 
urban purposes. Bread wheal (Triticum compactum 
and T. sphaerococcum), barley (Hordeum vulgare and 
II. hexastichum), sesame, field peas and species of 
Brassica were grown. Dates werc caten. Cotton 

whose privileged position today, as he noses his way 
unmolested through the bazaars, helping himself to 
whatever takes his holy fancy, must date back to 
the third millennium B.C. on the banks of the Indus 
and the Ravi'. 
Piggott infers from the faunal representations on 

arlifacts, the wood needed to burn so many million 
bricks and the implication of a flourishing agricultural 
background, that the climate must have been different 
from the present rainfall of less than six inches per 
year. The very use of burnt brick might imply the 
need for as durable building material under heavier 

110 



Evolution of land use in south-western Asia 

rains. Piggott suggests that the climatic deterioration 
might have been caused by an eastward shift of the 
edge of the south-western monsoon, and that thus 
the Indus might formerly have been within the mon- 
soon area. This, however, would make the absence 
of any devices for the control of floodwater even 
more incomprehensible [55]. However Wheeler [206] 
refers to embankments at Mohenjo-daro and Lothal. 

Aryan invasion and Vedic times 
(c. 2000-600 B.C.) 

The Aryans who arrived in India from the west were 
an agricultural people, users of bronze but not of 
iron. Although they grew grain crops, probably 
mainly barley, livestock husbandry was of primary 
importance. Wealth was reckoned in cattle, of which 
red, black, dappled and light-coloured types (Sindhi, 
Gir and Hariana?) are mentioned in the Rig-Veda. 
Goats and sheep were also reared. The most charac- 
teristic animal was the horse, although the Aryans 
were not the first to domesticate it in India or the 
western borderlands. Milk and meat products were 
evidently an important item of diet, and beef was 
freely eaten. The ritual prohibition of flesh is connected 
with later ideas of transmigration which are foreign 
to early Aryan beliefs [153]. Fields were tilled with 
apparently fairly heavy ploughs, since teams of six 
to twenty-four bullocks were used. The practice of 
manuring has been suggested, although generally 
speaking the fields were productive [129]. Some 
artificial water supply is implied by a reference in 
the Rig-Veda to ‘waters produced by digging’, sug- 
gesting wells rather than irrigation schemes, although 
Majumdar et al. [128] mention the frequent use of 
irrigation canals. 
The Aryans of Rig-Vedic times lived mostly in 

villages. There are different opinions on the nature of 
landownership; some scholars hold that the land 
belonged to the community, others that there was 
individual ownership by cultivators [129]. It is at 
any rate likely that grasslands were held in common. 
Houses were probably built of wood or reeds. Cotton, 
wool and deerskin were used for clothing. 
In early times, Aryan society was divided into 

three classes, warriors, priests and cultivators. 
The basis of social organization was the patriarchal 
family. Small kingdoms existed in the whole country 
from Kabul to the upper Ganges, but in time some 
of the weaker tribes were absorbed by their neigh- 
bours and cities began to appear in later Vedic times. 
During this same period, the caste system began to 
take shape, the Brahmans acquired paramount impor- 
tance, meat-eating was beginning to be looked upon 
with disfavour, and Hindu religion evolved towards 
its present form. In some of the villages, landlords 
obtained possession of the entire land and replaced 
the peasant owners. There were important develop- 

ments in taxation and revenue administration. The 
system by which the Indian peasant still makes 
direct or indirect payment io Lhe State is one of the 
oldest institutions of the country and is prescribed 
by the sacred law of Hinduism [136]. The payments 
were made in kind, and probably amounted to one- 
sixth of the produce, or sometimes perhaps even to 
one-third. Agriculture continued to be the principal 
occupation; farm implements were improved, and 
new kinds of grain and fruit trees grown. Rice, 
which m a y  have been cultivated in early Vedic times, 
was certainly grown then [128]. Houses conlinued to 
be built of wood [59]. 

Persian Conquest and Alexander’s Campaign 
(c. 600-325 B.C.) 

Western India was the most populous satrapy of the 
Persian Empire and paid a tribute proportionately 
larger than all the rest, equivalent to more than a 
million sterling. 
A number of interesting points were reported by the 

chroniclers of Alexander’s Campaign, as quoted by 
Theopbrastus and Strabo. There is reference to 
pistachio, vine, olive and silphium (identified as 
Ferula tingitana in Theophrastus [189] in the moun- 
tainous region. Large quantities of fir, pine, cedar 
and other suitable timber were cut in the region 
between Jhelum and Chenab for the building OP 
Alexander’s fleet. ‘ The typical “monsoon” crops of 
cotton, cane sugar and rice were grown in the Indus 
valley, where the Greeks first made acquaintance with 
them. ’ (Cary, [39].) Millet, sesame, barley, pulses and 
bosmorum (a kind of corn smaller than wheat) are 
also listed by Strabo, Sorghum halepense and black 
gram by Theophrastus, who states that ‘chick-pea, 
lentil and other such plants found in our country 
do not occur.’ The ancient records suggest that the 
region of Musicanos (Sind) was still fertile, producing 
‘everything in abundance ’. Wheat, grapevine, ban- 
yans, jack-fruit, banana, mango, jujube and possibly 
carob are mentioned. Aristobulus, however, remarks 
that he experienced no rainfall on his ten-month 
voyage down from the Jhelum, ending at the mouth 
of the Indus in late summer. ‘It is admitted that the 
plains which are not overflowed do not produce 
anything for want of water. ’ (Strabo [183].) Gedrosia 
(Baluchistan) is described as a very barren country, 
with watering places often a heavy day’s march 
apart, producing quantities of nard and myrrh, but 
little food beyond the date, which saved the life 
of many a Greek soldier. 

Hindu India (c. 325 B.C.-A.D. 700) 

Megasthenes, ambassador of Seleucus Nicator at the 
court of Chandragupta Maurya, reported that the 
bulk of the revenue came from the taxation of the 
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agricultural class, since all land belonged to the king 
and Lhe farmcrs cultivated it on the terms of receiving 
as wages a fourth part of the produce [183]. The 
policy of the Maurya Government was to provide 
for the even distribution of the agrarian population 
by systematic plantation of villages in thinly occupied 
Lracts. For the general improvement of agriculture, 
officials were appoinled to superintend the rivers, 
measure the land and ensure an equitable distribu- 
tion of irrigation water. The government waler rate 
was, however, a heavy burden, varying from one- 
third to one-fifth of the produce [59]. The farmers 
were exempted from fighting and other public ser- 
vice. 
W h e n  flood, fire or locusts destroyed the harvest, 

food was issued from the government storehouses. 
Herdsmen and hunters, who led a nomadic life and 
who alone were permitted to breed cattle, sell them 
OP let them for hire, were also responsible for clearing 
the country of wild beasts and birds which ate the 
seeds. Implements for farmers were made by artisans 
who received maintenance from the royal exchequer. 
Vegetarianism had not yet been established, and 
even Brahmans ate meat, except apparently that 
of horned cattle (Strabo, quoting Megasthcnes). 
However, Chandragupta’s grandson, Asoka, who 
converted to Buddhism, abolished or restricted the 
slaughter and sacrifice of animals, put a stop to 
‘the massacre of living creatures to make curries in 
the imperial kitchen’, and discontinued the royal 
hunt [lZS]. Brick again came into use during the 
Maurya period. 

The death of Asoka was followed by various inva- 
sions of western India by Bactrian Greek and Seleucid 
armies. ‘The slight information that w e  possess 
seems to show that no changes fundamentally affecting 
Indian life were made by the new Greek rulers’ 
(Rostovtzeff, [165]). Later came the invasions of Lhe 
Scythians (Sacas), Yue-chi (Kushanas) and the White 
Huns, with their attendant disturbances and destruc- 
tions, When the Buddhist pilgrim Yuan-Chwang 
came to India in the seventh century, vast stretches 
of terrilory, notably in the Swat valley, once prosper- 
ous, wore an appearance of desolation [ZOO]. In 
Kashmir, the founder of the house of UpLala (ninth cen- 
tury) was famous for his irrigation works. 

Pre-Moghul M o h a m m e d a n  period (c. 700-1520) 

Under the Arab conquerors of Baluchistan, Sind and 
the lower Punjab the local administration was largely 
left in the hands of the people of the country and the 
taxation of the Hindu population was eminently fair. 
With few exceptions, the Muslim conquests made 
little alteration in the land taxation system, which 
accorded with the existing institutions of Islam. 
But, according to Dunbar [59], the situation changed 
under the Afghan kings : 

‘ The Muhammadans kept their hold by means of widespread 
garrisons, while great Gers wcre scattered over the country 
to provide local governors or hold the Rajput and north- 
west marches. As regards the hulk of the people, the attitude 
of the Indian peasant towards the government. . . and the 
religion of his rulers has always heen one of complete indiffe- 
rence, provided he is allowed to cultivate his land in peace 
and without oppression. Thc Slave Kings were . . . cruel 
and intolerant only towards rebellion and handitry. All 
the minor posts dealing with such matters as land assess- 
ment and revenue were in Hindu hands, and the normal 
custom of the central government was to confirm the Indian 
rulers and landholders, as vassals, in the possession of 
their inheritances. ’ 
Under Ala-ud-din (1296-1316) Hindu taxation was 
raised from the customary one-sixth of all land produce 
to one-half, and duties were levied upon all cattle, 
goats and sheep. However, with the exception of the 
jizya (poll tax), these are the only instances of special 
laws against the Hindus in Mohammedan legislation 
[37]. These taxes were abolished by his son. 
Tughlak (1320-1325) encouraged agriculture by 

limiting the taxation of the gross produce to a tenth, 
and by making irrigation one of the public works. 
Famines occurred under Muhhammad Shah Tughlak 
(1325-1351). H e  tried to provide famine relief and to 
advance large sums to the peasants for seed grain, 
stock and improvements. H a d  his measures been 
praclical, they would have led to a great development 
of agriculture. As it was, the seventy million tangas 
made available as an inducement to establish a 
theoretical crop rotation led to no concrete result. 
His successor, Firoz Shah, returned to the system 
of paying government officials by grants of land 
and their revenue (jagirs). H e  reduced taxation to a 
level which left an encouraging margin for the culti- 
vator, and abolished the annual benevolences levied 
by the provincial governors. Firoz gave a further 
impetus to agriculture by extensive irrigation works 
and the sinking of wells, for which a 10 per cent 
water-rate was imposed. Five great canals were 
dug to clistribute the waters of the Jhelum and the 
Sutlej. One of these, which still exists, ran for more 
than 150 miles to irrigate the desert country up to 
Hisar-i-Firoza. The cultivated area increased enor- 
mously. According to Piggott [153], climatic condi- 
tions in Sind were better up to Moghul times than they 
are at the present day. 
Desolation, famine and pestilence followed in the 

wake of Timur’s invasion in 1398. 

Moghul Empire (c. 1520-1750) 

Sher Shah (15410-15$5) introduced a number of 
admirable reforms. The principles of land survey 
and revenue then laid down were elaborated during 
the reign of Akbar. From Bengal to the Indus, a 
succession of wells were dug and lines of fruit trees 
planted by the roadside. After Humayun’s recon- 

112 



Evolution of land use in south-western Asia 

quest of his empire in 1555, the country was 
ravaged by famines. 
In 1562, Akbar started introducing his reforms. 

His ‘system of land revenue administration’ still 
forms, though remotely, the basis of modern scientific 
methods. The assessment of Todar Mal, Akbar’s 
finance minister, is the connecting link between the 
land revenue system of ancient India and that of. Lhe 
British administration. Akbar’s system varied in 
different parts of the country. In Sind the original 
Indian practice was followed, a proportion of the 
produce was taken, and the risk of a bad year was 
equally shared by the government and the cultivator. 
In the more productive part of the country, the regula- 
tion system of assessment was introduced. The jagirs 
were maintained. 
The agricultural community in Moghul times had 

an even harder life than it does today. The menace of 
famines through the failure of rains hung over the 
country. The provincial governors were ordered to 
pay special attention to irrigation works, but these 
efforts were not systematic and were probably intended 
for the benefit of towns rather than for that of culti- 
vators. According to Moreland [186], the peasant 
ran a real danger of having his holding taken from 
him by officials; the country was therefore badly 
cultivated. Also territorial forces were raised by the 
zamindars (landowners) when required. The chief 
agricultural products of the Moghul Empire were 
wheat, barley, rice, millets, pulses, oil-seeds, sugarcane, 
cotton, hemp, indigo, drugs, pepper and spices. 
Silk weaving was quite a minor industry. Compara- 
tively little trade crossed the land frontiers, on two 
regular routes : from Lahore to Kabul, and from 
MulLan to Kandahar [59]. 
Tavernier E1871 a French merchant who visited 

India between 1641 and 1667, says of the peasants : 
‘They are reduced to great poverty because if the 
governors become aware that they possess any 
property they seize it by right or by force. You may 
see in India whole provinces like deserts from whence 
the peasants have fled on account of the oppression 
of the governors. ’ Aurangzeb proclaimed the abolition 
of 80 imposts, from transit dues down to the 
taxation of goats, but because of the cupidity of the 
officials these concessions remained a dead letter. 
Throughout the Moghul rule frequent rebellions 

and invasions took place in the Punjab and on the 
north-west frontier. Dunbar [59] states : ‘When 
Nadir Shah entered India, the Punjab, then under 
efficient local administration was peaceful and 
prosperous. W h e n  he left it, orderly rule had been 
exchanged for utter desolation’. 

Sikh rule in the Punjab (1760-1849) 

The Sikh administration has been described by 
Sir Lepe1 Griffin (1892) as the process of squeezing 

out of the unhappy peasant, Hindu or Moslem, 
every rupee that he could be made to disgorge. 
The revenue of%cer had to maintain cultivation at the 
highest possible level and at the same time keep the 
cultivaLor at the lowest possible point of depression. 

British rule (1843-19486) 

Before British rule, which began in Sind in 1843 
and in the Punjab in 1849, 
. . . made peace and security a normal condition, zamindars, 
their intermediaries and the cultivators were bound together 
by the necessity of deknding life and property. With the 
establishment of British government this common interest 
disappeared and the only bond. . . was one of hard cash. . . . 
The population rapidly increased, and the competition 
for land became a serious problem involving increasing 
poverty. The problem created by a rapidly increasing 
agricultural population has intensified with the years. Nor 
has the land-hunger been lessened by industrialization. . . . 
It was clearly necessary to protect the agriculturist from the 
excessive rise of rents caused by the exactions of landlords 
who were in the position of monopolists . . . and by the 
land-hunger of the peasants. In 1887 a Punjab Tenancy Act 
was passed. The Punjab is mostly a land of small landowners 
and peasant proprietors, and the Act regulated the relations 
between these owners and their tenants as regards rent and 
compensation for improvement. . . . The Punjab Land 
Alienation Act of 1900 aimed at preventing money-lenders 
and shopkeepers from buying land from hereditary culti- 
vators, or from holding such land on mortgage for more than 
twenty years without government consent. But it was 
difficult to make these provisions effective, and the problems 
of rural indebtedness and the ‘fragmentation’ of holdings . . . 
especially prevalent in the Punjab, had to be tackled in 
other ways.. . . The only practical large-scale relief for land 
hunger was to be found in government irrigation schemes, 
the Lloyd barrage being the largest work of its kind in the 
world, which had added by 1935 nearly 32 million to the 
acres cropped in British India, an increase of about 15 per 
cent. (Dunbar [59].) 

The co-operative movement, started by an Act 
passed in 1904,, developed greatly in the Punjab, 
where the co-operative societies opened savings 
banks, encouraged livestock breeding, consolidated 
fragmented holdings, sank numerous wells and 
reclaimed waste land. Nevertheless, rural indebtedness 
continued to increase. After the serious famines of 
1861, 1896 and 1900-1901, due partly Lo failure of 
rains and partly to unsettled conditions, famine relief 
measures, including the suspension of land revenue 
collection and the provision of loans for restocking 
the farms, were perfected. The cotton slump following 
on the boom caused by the Ameiican W a r  of Secession 
had disastrous financial consequences. 

Independence and Partition (from 1946) 

In Pakistan Punjab, and in the North-West Frontier 
Province, the average holding is less than five acres. 
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Land tenure in Baluchistan is characterized by a 
tribal structure, in Sind by the existence of vast 
zamindari or jagirdari areas. In the Punjab the govern- 
ment has abolished jagirs, and has passed laws which 
ensure fixity of tenure to the tenants and also secure 
for them an equitable share of the produce. The 
Punjab Tenancy (Amendment) Act of 1952 fixes 
the tenant’s share at 60 per cent of the total produce. 
The Sind Tenancy Act of 1950 determines this share 
as one-half to two-thirds according to the tenant’s 
participation in irrigation costs [69]. Eleven million 
acres of land are to be brought under cultivation by 
irrigation [los). Priority is being given to vast affo- 
restation projects and at least 10 per cent of the 
recovered lands in the Indus irrigation scheme have 

been secured by -the Forest Department for planta- 
tion [ZOl]. 
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INTRODUCTION 

The history of land use in Egypt cannot be considered 
except in the closest association with the history of 
irrigation. In a fluvial environment, the irrigation- 
agriculture complex is indivisible, so much so that 
it is hard to tell which is cause and which is conse- 
quence. Irrigation is here the medium of interaction 
between men and milieu, whereby he humanizes 
the natural landscape, models and remodels it into a 
‘ second-nature ’-the cultural landscape. 
Heat and humidity have always been abundant, 

but for production collective human effort was neces- 
sary in order to control them. Hence, Sun, Nile 
and Pharaoh [63,1 p. 1191-all gods-symbolized 
undoubtedly the ‘father of Egypt’ [SO, p. 1291, 
Egypt the ‘gift of the Nile’-specifically the Blue 
Nile. But it is equally the gift of the ‘fellah’, a truly 
joint architect of the land of Egypt. Despite the poet, 
man has here made both country and town alike. 
Through irrigation man assumes here the role of a 
geographic agent of the first order [51, p. 311. 
An ‘exotic’ semi-oasis, Egypt may be likened to a 

huge ‘Monsoon huerta’. The rainfall equivalent of 
her irrigation water supply works out at about 82 in. 
With only a thin coastal strip receiving an average 
of 5 in. of rainfall, Egypt is a typical arid zone with 
very low ‘rain-factors ’. The ecumenical pattern is 
thus wholly subservient to the distribution and 
availability of water. In Brunhes’ phraseology, it is a 
communauté hydrologique [15, p. 794,] that we deal 
with. W e  may look upon irrigation as part of a 
chapter in the works of m a n  which may be designated 
‘ geotechnics ’2-the art of landscape sculpture which, 
like terracing in mountains, can re-create orography 
or hydrology. These geotechnics constituted a veritable 
redistribution of matter-a fourth state of matter, 
so to speak [80, p. 191. Accordingly the history of 
land use in Egypt may be geotechnically divided 
into periods similar to those used by Geddes for 

industry [31, 621. Thus the pristine prehistoric and pre- 
dynastic phase is the ‘eotechnic’ period. 
Basin agriculture, which spans the whole length 

of our history down to the nineteenth century, is the 
‘ Palaeotechnic ’ period. With the introduction of 
perennial irrigation began the ‘ Neotechnic ’ period, 
while the present-day High Dam project heralds a 
‘Biotechnic ’ phase. This succession of geotechnic 
complexes represents a long-term process of ‘ sequent 
occupance’ of the land, denoting a continuous adapta- 
tion to, or of, environment. Apart from the first 
period, w e  may conveniently consider each period 
from two ecological aspects : geolechnics (irrigation) 
and geonomics (agriculture). 

EOTECHNIC PERIOD 

The opening phases in the history of land use in 
Egypt can be reconstructed only by speculation. The 
evidences of prehistoric archaeology are extremely 
controversial and conflicting. Only the very broad 
lines of this vexed question will be surveyed here. 
Two schools of thought can be distinguished. 

THE CLASSICAL T H E O R Y  

The orthodox view of the majority [is, p. 137; 
20, p. 26; 41, p. 312 et seq.] is that man spread over 
the Sahara since the Middle Palaeolithic when, thanks 
to pluvial conditions, it was a vast pampa-like steppe. 
Hunting and food-gathering wese the basic economy. 
The low-lying river valleys, such as the Nile, were, 
on the contrary, inhospitable and inaccessible marshes. 
The Nile is traditionally likened to the Sudd region 

1. The figures in hrnoketa rcfer to the hihliogrnphy, nt tlie end of the chapter. 
2. A term coined by P. Geddes and V. Brnuford [31a]. 
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of Sudan today. A post-glacial desiccation at the close 
of the late Upper and Final Palaeolithic reversed 
the habiiability of both surrounding desert plateaux 
and the riverine strip. The former became a forbidding 
desert, while a reduced volume of river water and a 
process of degradation ameliorated conditions in the 
valley floor by draining the marshes, and reduced 
the inaccessibility of the dense aquatic jungle. This 
change forced the plateau hunters io descend into 
the valley where this was probably connected with 
the beginnings of both agriculture and animal domes- 
Lication-at least in some of the more favoured spots. 
Such spots are generally taken to be the margins of 
the flood plain, and it is noticeable that most Palaeo- 
lithic sites in the valley were found on the ‘low desert’, 
i.e., along the borders of the alluvial plain and not 
inside it. In such favourable spots plants and vegetables 
would naturally grow after the recession of the flood, 
and would presumably be taken care of by these 
‘terminal food-gatherers ’ until harvesting time [4*]. 
This would be a very rudimentary initiation into 
cultivalion and would imply a logical gradualism. 
Some have urged that wheat and barley grew 

spontaneously [72], that man learned to reap before 
he learned to sow and that the Nile, the flood, pro- 
viding a yearly object-lesson in simple cultivation, 
was the real father of agriculture [23, p. 8; 42, p. 501. 
This actually implies an aulochtonous origin. Some 
authorities give this credit to the delta [18, p. 1371, 
some to the valley [12]. Others rule out the fenland 
of the north delta as being an impossible homeland 
of agriculture. Others still dismiss the valley itself 
on account of the ultra-giantism of the flood there 
[42, p. 541. Huntington argues that the tiny, 
easily manipulated streams at the base of the high 
plateau cast of it, dry wadis today, might possibly 
have offered a more propitious nursery to nascent 
agriculture [39, p. 3081. 
AX these speculations, however, clash with two 

serious facts. The earliest Neolithic settlements in 
Egypt, Merimde and Fayum, are relatively too highly 
developed to agree with the gradualist theory. There 
is a definite discontinuity in Egypt between Upper 
and Final Palaeolithic on the one hand and Late 
Neolithic on the other. This has invited theories of 
an allochtonous origin of agriculture; Mesopotamia, 
whose agricultural set elements antedate Merimde by 
some 2,000 years at least, being always pointed at as 
the probable homeland [16]. No archaeological evidence, 
however, is available on this theory [30, p. 111. 
Yet another difficulty is the fact that between 5500 
and 2500 B.C. a Neolithic we1 phase took place 
converting ihe valley once again into its previous 
morass-like condilion [41, p. 319 et seq.]. Such a 
deteriorating habitat could only be inimical to the 
supposed development. of agriculture. Some autho- 
rities find a way out by withdrawing man, after his 
initial entry, from the valley during this retrograde 

phase to iis desert fringes where he brought his newly 
acquired knowledge of agriculture to a higher pitch 
such as is found at Merimde. With the end of the 
wet phase the inhabitants re-descended into the 
valley once again [41, p. 322 et seq.]. 

A N B W E R  A P P R O A C H  

The classical theory has lately come under much 
fire on physiographic as well as on cultural grounds. 
Butzer shows that Palaeolithic man moved into the 
valley some 10,000-20,000 years before the advent 
of the Neolithic and of agriculture. This is to say 
m a n  stayed at least 10,000 years in the valley as 
hunter and food-gatherer without knowing agriculture 
[16, p. 791. This would represent Keith’s ‘primal 
period’ of destructive occupance [4?, p. 19 and p. 2981. 
Again, the classical ‘valley-ward’ movement is shown 
to be a myth, m a n  having occupied both valley and 
surrounding plateaux simultaneously for a long time. 
For the most part he concentrated near the valley 
during drier periods, such as after the close of the 
Middle Palaeolithic [16, p. 801. Desiccation neither 
led to a movement into the valley nor to a transition 
to agriculture. Butzer points out that agriculture 
came to be known some 5,000 years ago, but that 
Merimde could neither be the earliest nor the sole 
Neolithic agricultural settlement in the delta and 
that we have to assume the exislence in the delta 
of many such villages some 2,000 years earlier 
[16, p. 521. Nor is the imputed swampy nature of the 
primeval valley at the beginning of agriculture tenable 
any more. Passarge was the first to challenge this 
hypothesis and to prove it fallacious : exotic river 
environments do not have to be influenced by direct 
climatic changes [16, p. 471. Thus the valley was 
simply inundated annually into natural basins with 
the natural levee and desert margins unattained. 
In the southern and eastern delta also the then more 
extensive ‘turtle-backs ’ were spared. (They are the 
gravel and sand islands representing the more solid 
and thick parts of the subjacent ‘sub-deltaic deposits’ 
and rising from the surrounding alluvium.) All such 
elevations could provide habitation for man, while 
in the surrounding basins there was no marsh. The 
assump tion of artificial drainage before agriculture, 
of canalization as the starting point of colonization, 
is thus refuted. This is opposed to the view that in 
the valley drainage was perhaps known before irri- 
gation [30, p. 38 and p. $31. 
It will have been realized how nebulous is the 

picture of origins and beginnings. This ‘ eotechnic’ 
period nevertheless represents the ‘ first agricultural 
revolution ’, the transilion from food-gathering to 
food-producing, and is thus a crucial chapter in the 
history of land use in the Nile Valley. 
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PALAEOTECHNIC PERIOD 

BASIN COMPLEX 

Geotechnics 

Without embankments the Nile would wholly over- 
flow its valley, therefore occupance was initially 
restricted to the higher levees and to the desert 
fringes lying above the high-water mark where in 
pre-dynastic times populations settled in villages. 
Our information on this vital stage of cultural gesta- 
tion is, as w e  have seen, conjectural, but presumably 
the people descended into the valley every year with 
their herds after the flood had receded. Gradually 
they practised cereal cultivation. They probably 
occupied the more elevated tracts within the valley 
itself, where they needed further protection against 
the flood by means of artificial circum-village banks. 
Perhaps this experience initiated them into the idea 
of embanking the river itself; Hurst surmises that 
this might have begun on the eastern bank where 
control would be easier on account of a smaller area 
(nearly one-tenth of the total for Upper Egypt) 
naturally subdivided into manageable little crescentic 
basins and narrow pockets [40, p, 391. The experiment 
perhaps started on one of those attenuated alluvial 
tongues projecting into the higher desert land. 
A bank across its mouth, leaving a passage for an 
ingress of water, would be an easy undertaking for 
a single village. A further step would be to embank 
a small bay in the hills by means of a longitudinal 
bank run alongside the river course from headland 
to headland. Through a controlled water passage, 
floodwater could be made to stay in the basin as long 
as was necessary. In the more extensive bays, control 
would not be feasible without a subdivision into 
smaller compartments by means of transverse banks 
from river side to desert edge. Thus was evolved the 
traditional ‘basin’ system, consisting of a framework 
of longitudinal and transverse banks. 
A socio-political organization greater than the 

village or locality was, however, a prerequisite for 
the universalization of this large-seale development. 
It was Menes (3400 B.C.) who first undertook such 
control of the river. Willcocks and Craig suggest 
that he probably began basiiiing the left bank, 
which was for the most part the more important, 
being nine times the area of the right bank. The 
latter was left a wild jungle and a safety-valve against 
high floods [85, vol. 1, p. 299). It is conceivable that 
this view is not necessarily opposed to the concept 
of the left bank as a possible nursery for the art of 
basin irrigation. With the increasing pressure of a 
growing population, however, the need for basining 
the right bank soon arose. But the sudden restriction 
of the river on both sides at once brought to the fore 

the problem of the devastating high flood. W e  know 
that this stage was reached under the twelfth dynasty 
because it was then that the Fayum project was 
launched as a regulator of the flood. This depression, 
a semi-detached cup-oasis, lies lower than the level 
of the valley. Thus excessive floods could be diverted 
there where Lake Moeris would rise and extend 
temporarily, while in years of a deficient flood, water 
could be led back to the valley [85, p. 2991. It should 
be emphasized that the efficient running of the basin 
system depended entirely on a strong, centralized 
government, for every upstream basin could endanger 
the riparian rights of those downstream. Significantly, 
the Latin rivalus (rival) is a derivative of rivus 
(river) [68, p. 1421. 
Basins may range in size from 1,000 feddans 

(acres) to 40,000. They are usually arranged en 
échelon in chains of 4-5 feddans beside a shallow canal 
which takes off at a higher point of the river [480, p. 381. 
Canals are first aligned diagonally across the basins 
then bear north near the desert margins in order to 
extend irrigation as far as possible [Zl, p. 31. They 
have a lesser slope than the river and are regulated 
at their heads by earthen removable blockages. 
With regard to the transverse banks, the bigger the 
area of the basin the higher and thicker they have 
to be in order to stand the increased head of water 
behind. 
It will be seen that the topography of the floodplain 

lends itself readily to erecting longitudinal banks. 
Owing to the nature of fluvial deposition, the greater 
part of the heavier particles of the river load is 
dropped immediately near the channel while the finer 
and lighter particles can travel laterally farther 
afield right to the desert foothills. Thus the river 
builds up alongside its course massive bermlands or 
natural levees whence the floodplain dips, rather 
irregularly, sidewards to the desert at a slope of 
8 in. to the mile [40, p. 341. In Sohag such berms are 
50-90 cm. higher than the valley floor at the foot of 
the western escarpment [82, p. 181. Thus ‘the Nile 
Valley came to be cambered, something like a modern 
road, with the Nile running along the crest and the 
level of the land falling away towards the sides of the 
valley’ [21, p. 31. The situation in the delta is essen- 
tially the same, except that it is much more confused 
owing to the existence of an elaborate network of 
branches, old and new, each of which has its own 
natural levee. Therefore ‘the surface of the delta 
is rather like the back of a leaf on which the ribs 
mark the higher land . . . with basins of lower land 
between them’. 
With the advent of the flood the basins are succes- 

sively filled from south to north, the whole valley 
turning ultimately into one vast lake. Only the high 
banks carrying the roads and settlements remain 
unsubmerged, island-like. Communication is primarily 
by boats. In a medium flood the river level is on 
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average 9 m. above its bed, rising to 10 m. in high 
floods and falling to 7.5 m. in low floods. The beds 
of the main feeder basin canals lie some 4J m. above 
the river bed [SS, p. 3011. If it be added that the 
cultivable land of the floodplain lies, on average, 9 m. 
above the river bed, it will be realized that the river 
water at the crest of the flood runs actually higher 
than the level of much of the plain and is only pre- 
vented from overflowing it by the giant longitudinal 
banks overtopping the bermlands. 
The flood arrives in Egypt in July and reaches its 

zenith in September then subsides quickly unLi1 
January. At its advent the canals are opened and the 
basins are submerged beginning from 20-25 August. 
The average depth of water in the basin varies locally 
according to flood volume, local elevation and the 
state of repair of the canals. In good years, it attained 
1.25 m. in Upper Egypt, occasionally 1.50 m. In the 
delta, on the other hand, the depth was less, the 
flood arrived late and water wandered on the basins 
for a shorter time than in the valley, Generally 
speaking, water stayed 40-60 days after which the 
basins were drained off. This annual submergence 
increasingly made the basin surfaces very level, so 
that no ponds were left behind. In years of poor flood, 
basins are not drained into the river but, for economy 
in water utilization, into the next basin downstream 
[40, p. 40 et sep..]. 
Once evacuation of water is complete, land will 

not be watered again until the next flood. Therefore 
no irrigation canals or field clitches are needed [50, 
p. 1251. Similarly, drainage takes place naturally- 
essentially by the surface and escaping back to the 
river. Any residual water that m a y  remain in pits 
and bores or infiltrate downwards in the more sandy 
tracts will eventually find its way to the sand-and- 
gravel bed underlying the alluvial layer. Since this 
bed is in direct communication with the river it will 
ultimately drain there during the low stage, thus 
affording a healthy drainage of the subsoil (bathy- 
drique) [28, p. 153; 61, p. 161. On the surface of the 
basins, the ffood will have left a thin film of new 
fertilizing mud (1 mm. annually), thus continually 
maintaining and rejuvenating soil €ertility. It is this 
mud that, during millennia, originally formed the 
floodplain-partly an unintended gift from the 
pastoralists of Abyssinia who helped soil erosion 
there by overgrazing [42, p. 461. The use of fertilizers 
has thus no place in the basin system, except under 
rare circumstances. Sowing can start practically 
without ploughing since the dry, fallow season which 
precedes the íiood will have deeply furrowed the soil 
and killed off parasitic weeds and micro-organisms. 
This was considered a natural, spontaneous ploughing 
-the Nile and the sun were the prime farmers of the 
land, or as Willcocks put it, the flood took over 
the present functions of the Ministry of Agriculture 
[83, p, 7 et sep..]. This evidently reduced agricultural 

work to a minimum. The crops remained on .the 
field until harvesting in late spring and May, after 
which it lay fallow until July. 

Geonomìcs 

A fundamental conclusion can be drawn from Lhe 
above account. Although dependent on ‘wet irriga- 
tion’, basin cultivation is, paradoxically, a special 
type of ‘ dry farming’ (27, p. 621. Technically speaking, 
it is certainly a variant-a fluvial variant-of dry 
farming, therefore less rigorous and hazardous. As 
Mosséri [56, 601 points out, dry farming has four 
phases : (a) the ploughing stage when land is prepared 
to increase its absorptive capacity of water-this is 
represented in basin agriculture by the superficial, 
indifferent ‘scraping’ of the soil following flood 
retirement, plus the cracking which takes place during 
the fallow period; (b) the stage of land receiving 
water it has to store, this is equivalent to the flood 
season itself; (c) creating a pulverized, fine surface 
layer (the American ‘mulch’) [13] to counteract 
evaporation-a stage parallel to the slight ploughing 
preceding sowing; (d) the stage of cultivation proper. 
As would be expected, the basin crop complex was 

in Lhe first place an annual, in the second, a winter 
system. Cropping was seasonal because the Nile 
waters were utilized only seasonally : to paraphrase 
La Blache [48, p. 4081, the Red Nile yielded cultivated 
or green Egypt, while for the rest of the year the 
Green Nile left a fallow or black Egypt temporarily 
a ‘black desert’. Seasonal cultivation meant a basi- 
cally extensive type of land use. 
With crops occupying land during the cold season, 

they were essentially winter crops. Oddly enough, 
a hydrology, tropical monsoonal in origin, led to a 
temperate winter agriculture. This limited the range 
of variety in the crop complex. It inevitably meant 
the supremacy of cereals, whose climatic requirements 
are particularly adapted to the cycle of the growing 
season succeeding, as it does, from humidity to coolness 
then to a dry warmth late in spring. Apart, therefore, 
from the exceptional case of perennial islands, to be 
considered separately, winter cropping was basically 
a subsistence economy and could not accommodate 
any lucrative commercial crop. Hence cereals repre- 
sented the staff of life; the Greeks significantly nick- 
named Egyptians the Artophagoi [65]. While cereal 
production was primarily autarchic, a margin of 
surplus frequently allowed export-sometimes even 
made Egypt the ‘granary of Rome’, but presumably 
with extra effort. Josephus mentions that under Nero, 
E g y p ~  provided Rome with corn for four monlhs 
of the year [55]. She also supplied Philadelphus 
with 1.5 million artabae while under Justinian 
8 million were dispatched annually to ConsLanti- 
nople [81]. 

W e  are fortunately fairly well informed on the 
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principal crops relating to three areas, namely, ancient 
Egypt, the Arab period and the time of the French 
expedition late in the eighteenth century. 
In general, the elements of the crop complex in 

ancient Egypt were fundamentally the same as those 
existing today, exception being made of the recent 
introduction of cotton, rice, sugarcane and Indian 
corn [53, p. 1261. Barley was the prime crop in the 
earlier times down to the end of the Classical period 
(until A.D. 500). Eventually wheat gained ascendancy, 
followed by barley [82, p. 951. The existence of sorghum 
in ancient Egypt is a conLroversia1 issue. Schweinfurth 
denies it, while de Candolle believes millet was known 
[35, p. 531. Pulses, including beans and lentils, were 
important and so were onions, of which mention is 
made in the Bible. Flax was the staple fibre for 
clothing. Presumably an extensive area was used 
as pasture, mostly cultivated, then as now, with 
bersim (Egyptian clover). Milne speculates that 
the relative acreage of these crops might have not 
been altogether dissimilar from what they are today 
-half the total being under cereals [53, p. 1261. Crop 
rotation was essential to alternate exacting crops 
such as wheat and flax with restoratives such as beans 
and lucerne. 
Wheat1 was raised all over Egypt excluding the 

northern marshes and the extreme south, where it 
was superseded by the hardier barley. In the Middle 
Ages, Middle Egypt was the seat of maximum produc- 
tion and quality, the same as it is today. Schweinfurth 
is of the opinion that both wheat and barley were 
introduced from Mesopotamia, according to him 
the cradle of agriculture. Another view is that they 
grew wild in prehistoric Egypt [82, p. 31. Of a far less 
fastidious nature, barley was more extensively grown 
than wheat. Beans, introduced from the Levant during 
the twelfth dynasty, provided a green fertilizer in a 
soil poorly endowed in nitrogen compounds. The 
mediaeval area of main production-Upper Egypt 
from Minia to Sohag-coincides with its present- 
day counterpart. 
Egypt has never possessed any worthy pasture, 

only some coarse, indifferent grass springing up 
and grazed after the flood. In years of low flood 
much land was uncultivated and turned into poor 
pasture. Egypt was therefore chronically poor in 
animal population and consequently in dairy products 
-a fact unfavourably influencing the infantile mortal- 
ity in a tropical, hot climate. Fodder had to be culti- 
vated; it comprised fenugreek, vetch, beans and bersim, 
the last-named being the most important since the 
close of the Roman period. These crops were also the 
sole regenerators of the soil. In the Arab period bersim 
was important all over the delta where artificial irri- 
gation was easy as the level of the land is fairly near 
to that of the river (the difference being 4-5 m. at 
the head and only 1 m. near the sea). In Upper Egypt, 
on the other hand, the cultivation of bersim decreased 

progressively southwards to the vanishing point at 
Kena, where it was replaced by the other fodder crops 
which proved to have a greater yield there and needed 
less water in a sector of the valley which was particularly 
elevated. It is surprising that this is essentially the same 
pattern today. The French expedition estimated that, 
at the close of the eighteenth century, bersim accounted 
for one-fourth of the total cultivation in the delta, 
and for one-sixth of that in Upper Egypt [21, p. 221. 
It is interesting to note the concentric rings of bersim 
round the bigger cities, such as Cairo, for feeding the 
transport animals [21, p. 221-a primitive forerunner 
of the modern metropolitan rings of vegetable and 
fruit cultivation for human consump tion. 
Down to the end of the Middle Ages, flax had been 

the premier fibre of Egypt. Its cultivation was restricted 
to the wetter lowlands and the rich black soils, avoiding 
the sandy areas. This confined its production to limited 
areas stretching from Giza to Assyut inclusive where 
such places as Bosh, Delas, Bahnassa and Assyut 
had a special renown during the Arab period. The 
middle section of the delta had equally famed centres 
including Ibiar, Sonbat, Mahalla and Hanut. An 
exacting crop, flax was ordinarily fertilized in Upper 
Egypt with a certain marl-clay7 but the quality was 
never good anywhere in Egypt. 

PERENNIAL COMPLEX 

Geotechnics 

It has been seen that annual, winter cultivation 
constituted the base complex of basin irrigation. 
However, embedded within this frame was a hard 
core of perennial cultivation which, standing like 
isolated agricultural islands or enclaves, seemed more 
like gardens than fields. Where water could be secured 
constantly, cropping could be year-long, permitting 
the Cultivation of non-winter crops. As Hurst suggests, 
the roots of perennial irrigation in the pristine days 
of pre-dynastic Egypt might be traced back to the 
ponds and lakelets left behind from the flood in the 
lower tracts [40, p. 381. The water was usually available 
many months after the flood and could be lifted 
in buckets by hand and carried to nearby fields; 
all year round farming was thus possible. Lifting 
machines were gradually brought into use. 
T w o  types of perennially irrigated land may be 

distinguished, that irrigated from riverside levees 
and that from underground water wells. 
Riverside bermlands (Nabari lands in contrast to 

the basin lands or Bayadi) [35, p. 1161 were higher 
in level than the normal flood and were inundated 
only every eighth or ninth year by excessive flooding 
of the Niles. They could scarcely be watered by basin 
1. Wehcibn provides the main source of informntion on crops in the Arnb 

period. [See 82, p. 95-1191. 
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overflow and water had to be perennially lifted-but 
the rcward was perennial cropping. This class 
comprised both riversides in the valley as well as the 
fringes of the main existing and ‘fossil’ canals in the 
delta. Such hanging cultivation’ had to be embanked 
against the flood. The danger, however, of its being 
swept by a capricious flood was ever imminent. 
Underlying the Nile alluvium is a pervious sand-and- 
gravel bed which in places comes up to or near the 
surface, especially in the lower arcas where the thick- 
ness of alluvium is reduced. This subjacent formation 
is in direct contact with the river and carries a horizon 
of subsoil water. The spring level of this aquiferous 
horizon, which is derived from the river, lies, in the 
valley, some 4-5 m. below the surface in April and 
5-7 m. in July [61, p. 131. In the delta the depth is 
reduced owing to its fan-like shape. This subsoil 
water reservoir is well suited to irrigation, except 
in Lhe extreme north of the della where it is brackish 
or saline. It can be tapped by wells, lifted and run to 
fields. Well irrigation has always been additional to, 
not a substitute for, the Nile. It has the merit of 
preventing over-watering. In ancient Egypt it was a 
welcome addition to complement the flood supply 
and, where available, made cultivation year-long and 
raised the material wealth. There arose the ancient 
capitals such as Abydos, Memphis and Thebes, the 
sites of which are still characterized by the best 
underground water supplies in the whole valley. As 
Willcocks and Craig point. out, underground water 
was the connecting nexus between basin and perennial 
irrigation [84, p. 2991. 
The area under perennial irrigation was estimated 

by Farid at 20 per cent of the total cultivated in 
Egypt [26, p. 481. Girard, the French expedition 
savant, put it at 12 per cent for the valley and at 
25 per cent for the delta [32]. Weheiba, however, 
suggests that it might have been more in the Arab 
period [82, p. 1211. In any case, the acute problem 
of such land was dual. First, it was deprived of the 
supposedly fertilizing ‘red water ’. This, together 
with permanent cropping, made necessary the adop- 
tion of a rotation more evolved than that used in the 
basins, plus the heavy application of manure. These 
were the lands that used animal manurials most, 
but koufri was vital. ICoufri is the decomposed 
matter of extinct settlements rich in phosphates 
and potash found especially around the greater 
ancient agglomerations (such as Xois and Sakha) [59]. 
Drainage, too, was imperative. The second problem 
was the costly effort in water-lifting. Perhaps the 
earliest machine was the shadoof (pole and bucket) 
which features in Lhe tomb drawings of Thebes 
(1250 B.C.) [4(0, p. 4’3 et seq.]. It can water one-fourth 
of an acre daily. The tamboor (Archimedean screw) 
and the sakieh (water wheel) were later introductions 
by the Greeks. The former is used for small lifts 
and irrigates three-fourths of an acre. The tambusha 

is a special variant of Lhe sakieh (with compartments 
instead of vessels) used for smaller lifts. In the lower 
delia the tabut is adopted for low lifts. A sakieh 
irrigates 1-5 acres a day according Lo the depth of 
water. Where the elevation is great, a series of the 
same machine is frequently arranged en echelon for 
relay lifts. As explained above, water-lifting is easier 
in the delta than in the valley. 

Crop complex 

Where perennial irrigation was possible, the range 
of crops was enriched by the addition of summer 
crops. Irrigation was, however, expensive, therefore 
the monopoly of the rich landowner. Foremost among 
the cash crops were sugarcane, rice, indigo, saffron 
and cotton with some onions and tobacco. The intro- 
duction of one of these crops occasionally engendered 
a crop struggle for land, since water too often acted 
as a limiting factor. Not infrequently the cultivation 
of some of these crops was abandoned on that 
account [82, p. 1241. Since their introduction by the 
Arabs in the Middle Ages, sugarcane and rice have 
been the foremost crops. The assertion Lhat rice was 
introduced by the Turks [50, p. 1381 is simply anacliro- 
nistic. Sugarcane made great strides during the 
twelfth and thirteenth centuries when Egypt was 
apparently a leading producer-exporter. The main 
centres were in the valley: in Baliana, Akhmim, 
Assyut and the Fayum, the delta had insignificaiit 
patches [82, p. 125 et seq.]. Sugarcane required a score 
of lavish waterings, hard ploughing and good drainage. 
Rice was introduced immediately after 
conquest-whether via Syria or India is 
sial. Under Lhe Arabs, Fayum was the leading area. 
The French Expedition found rice most heavily 
concentrated around RosetLa, which is said to have 
derived its name from the vernacular roz [82, r. 1321. 
The fine quality Rosetta type, the sultant, was 
only for export to Istanbul. Around Damietta was 
found the manzalawi variety, also for export [66]. 
The predominance of rice around the two distribu- 
tary mouths and in the Fayum was duc to Lhe abun- 
dance of easily lifted water. 
The two dye crops saffron and indigo were restricted 

to Middle Egypt, particularly at Giza and Beni Suef. 
Unusually expensive to grow, they were the specialty 
of important landowners. The centre of saffron was 
Assyut and Isna that of indigo. Coiion was grown in 
both valley and delta but on a minimal scale. In the 
valley it was a tree cotton lasting 8-10 years, but 
yield was poor [Zl, p. 21 et sey.]. 

Extent of basin agriculture 

As early as Pharaonic Egypt, the limits of basin 
agriculture had reached the northern littoral of the 
delta [7, p. 2191. However, there was always a hard 
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core of marshland and saline coastal lagoons inhabited 
by a fisher-folk in the extreme north. It is estimated 
that 6 million acres were brought under the plough 
in ancient Egypt [79]. Subsequently, this area sensibly 
oscillated. Later Arab estimales are conflicting and 
apparently exaggerated. Only one authentic case 
of land loss calls for special mention, the Beraris. 
Sometime in the late Roman and early Arab periods 
some 1.5 million acres were lost to Egyptian agri- 
culture for good in a single stroke. This belt turned 
into a desolate, alkaline wilderness highly charged 
with salts. The cause of this Berari catastrophe is 
by no means clear [37, p. 189; 571. Tradiiion has 
it that the sea €requenily washed these lands, and 
the formation of Lake Manzaleh is only historically 
attested to by contemporary Arab chroniclers. It is 
also argued that, under the increasing weight of 
accumulaied thick alluvium, a probable subsidence 
of the land fringes might have helped invasion by the 
sea. Others point out wiih good reason that uniold 
centuries o€ apathy and shameful neglect of the 
canal network hindered regular drainage to the sea 
and thereby leaving excess water to wander over 
the land uniil a saline crust was formed by evapora- 
tion. In the days of the French expedition water was 
found to wander in the north of the delta for 8-9 months 
after the flood. In any case, the Berari loss was a 
coup de grace to land use in mediaeval Egypt. The 
expedition found that the iilled arca did not exceed 
3,217,000 feddans. Late in ihe nineteenth century 
the line Dilingat-Damanhur-Shubrakhit-Disuk-San- 
hur-KaIlin-Mahalla-Mansura- Sinbillawein-Fakus mark- 
ed the norihern limits of basin irrigation proper 
[85, p. 3681. Across this new ‘frontier’ of Egyptian 
land use, cultivation was palchy and confined to 
canal and river sides, particularly around the distri- 
butary mouths of Rosetta and Damietta which 
had been permanently settled nuclei throughout 
history [7, p. 205-2201. 

PALAEOTECHNIC C O M P L E X  : ITS PROS A N D  CONS 

The fact that the basin complex survived unchanged 
and unchallenged for some seven thousand years 
as the backbone of land use is indication enough of 
iis inherent merits. It was marred, however, by 
certain disadvantages. 

Merits 

The basin syslcm evolved naturally since it was well 
adapted to the physical pattern, especially in the 
valley wiih its sloping, slot-like nature. Technically 
the basin system is equivalent to the tank system 
in India [85, p. 2991. Economically it could be started 
with a meagre manpower but coiild eventually 
support a dense population. Its ecological adaptation 

as river control is thrown in clearer relief if compared 
with Iraq. A function of melting snow, the flood in 
Iraq took place in spring, that is when nearly all 
crops were standing in the field. The flood had there- 
fore to be wholly impounded wiihin its bed by massive 
banks [29, p. 3581. Hydrology and land use were in 
conflict, whereas in Egypt the flood season and the 
growing season were mutually well-timed and nicely 
dovetailed. The basin system was clearly symbiotic. 
It also solved the problem of salinization, the real 

foe of arid land agriculture, as well as ihe problem 
of soil exhaustion, so characterisiic of fixed agriculture. 
This was due to the principles of free inundation and 
forced fallow. Whether or not Nile sill is fertilizing 
is a moot queclion, but it stands to reason that it 
supplies the soil with a modicum of fresh plant food. 
The fellah as wcll as many writers ascribe the prover- 
bial fertility of Egypt to silt. Others, however, find 
the secret in the sharalci-that beneficial fallow 
period. This allows the land to resL; plan1 and animal 
parasites are weeded out and the soil interior receives 
a ihorougli aeration and insolation through its deep 
interstices. Not least is that it allows a searching 
process of washing and draining thus cleaning both 
surface and sub-surface of their accumulated salts 
and precluding salinization [60, p. 21-61; 61, p. 9:19]. 
There can thus be no doubt that either through its 
silt deposit or fallow period, the basin system is 
biologically sound, making for soil conservation and 
regeneration. It has survived through millennia because 
it maintained the ‘ecological balance’ of the soil and 
provided a ‘workable connexion’ [44] with the natural 
environment. Since it needed few main canals and 
no field ditches or drains, ii was likewise in tune with 
the principle of space economy, so imperious in such 
a limited, ‘finite universe’ as the land of Egypt. 

Demerits 

If biologically sound, the basin system was technically 
primitive and economically wasteful in a large measure. 
It was an adaptation to, rather than of, nature. 
It was a passive adaptation, only a very partial use 
of the land was made while it let the bulk of the Nile 
water run to waste in the sea. It limited agriculture 
to one-third of the year and did not permit of any 
substantial extension of the cultivated area [50, 
p. 1231. The historians’ concept of the ‘amazing 
productivity’ of Egypt, while basically true, was 
partly overrated either because travellers saw 
only the richer perennially irrigated riversides [49] 
or were unduly influenced by the contrast with a poor 
desert homeland [49] as in the case of the Arabs. 
Furthermore, popdation and land use were left at the 
mercy of the flood vagaries. Agricultural production 
proceeded, in effect, under marginal conditions due 
to inefficient river control. There has always been 
a secular rise in the level of the river bed and the 
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valley floor owing to progressive sedimentation of 
the bottom load, rendering misleading the long-term 
comparison of Nilometer readings1 [il, p. 1201. But 
apart from this the river revealed a high variability 
and a periodicity which has not been satisfactorily 
explained. Sometimes the flood came too late and the 
sole winter cultivation was adversely affected. It would 
start plentiful but suddenly subside. The greatest 
danger, however, was for it to be too low or too high. 
The former meant a proportional shrinkage of the 
cultivated area-sometimes LO one-half or even less. 
The corollary was al-shidda (the crisis, e.g., the 
famous Fatimid al-Shidda al-Mustansiriya) ;2 or 
famine-an all too recurrent dark spot in the history 
of fluvial Egypt and immortalized in the descrip- 
tions of Ab~llatif.~ Excessive floods swept away 
the nabari crops, but left the basins a pestilential 
morass. It was then the ‘plague’ which gained the 
upper hand-another stubborn feature of mediaeval 
Egypt. In the early Arab period 16 cubits were just 
the margin of safety-‘the angels of death’; 18 marked 
plenty-it was a sultani flood; it was the deluge 
al-lugga al-kubra when it exceeded 20 cubits. It has 
been found that, within five centuries (from the 
fourteenth to the eighteenth) 50 plagues and epi- 
demics ravaged Egypt-a rate of one every 11 years 
[34, p. 1641. 
It is apparent that the cultivated area was a direct 

function of the flood volume. However, flood effec- 
tiveness was actually a function of two variables : 
flood volume and human control. Hence the inflated 
role of centralized government in Egypt. The canal 
and dyke system was by its very nature short-lived 
and tended to silt up quickly, making necessary 
ceaseless clearance and maintenance. Any neglect 
aggravated the evils of an abnormal flood. Periods 
of political stability and power were therefore periods 
of efficient river control, extended land use, recla- 
mation and re-population. Retreat of agriculture, 
increased wasteland and depopulation were concom- 
itant with political weakness and chaos. It was 
found that, in particular, the most vulnerable and 
sensitive parts were the peripheral margins of the 
ecumene. Here the two endemic enemies of tropical 
oasis agriculture, namely salinity and invading sands, 
made for a pronounced ‘ marginal vibrancy’ [34, p. 1881 
in occupance and land use. Slight and temporary 
encroachment of desert on the western and eastern 
flanks of the delta synchronized with periods of cul- 
tural degeneracy, while evidence exists of similar 
episodes in the valley west of Dairut and elsewhere‘ 
in Middle Egypt [16, p. 66; 410, p. 191. But salinity 
was by far the most serious danger, the Berari of the 
northern delta being the chief example. 

Staunch conservatism was yet another drawback 
of basin agriculture. After a good early start it became 
associated with unimaginative inertia. Some urge 
that such continuity was a healthy sign of ecological 

equilibrium and efficiency, and contend that this 
imputed conservatism has been unduly exaggerated : 
besides the old survivals, new arrivals were intro- 
duced in the way of crops and farm machinery. 
Considering, however, the great extent of Egypt in 
latitude-she spans ten degrees representing a full 
climatic traverse-it is perhaps fair to say that the 
basin system partly thwarted the potential agricul- 
tural personality of the country. 

NEOTECHNIC PERIOD 

DEVELOPMENT 

The novelty of this period is that it completely revo- 
lutionized the geotechnic system and universalized 
its geonomic complex. Perennial irrigation and agri- 
culture were respectively the parallels of the mechan- 
ical and industrial revolutions in Europe [34, p. 9 
and p. 651. With a badly depopulated Egypt (2.5 mil- 
lions), the change, to quote Farid, was only artifi- 
cially wrought by a needy ruler. Perhaps it was also 
an early response and attempt to catch up with the 
epoch-making changes in a newly created industrial 
world abroad. The prime motivation was to gear 
Egyptian economy to the world market by producing 
valuable commercial crops, i.e., summer crops. The 
crux of the problem was that the summer water 
was too far below the level of the land and mechan- 
ical lifting from the old flood ( d i )  canals proved no 
answer. Two solutions were successively resorted 

From 1820: The floor of the flood canals in the 
delta was lowered at their heads to a considerable 
depth (6 m. and more), so as to enable the low summer 
supply to enter. In order to allow easy flow irrigation 
these canals were run at a lesser slope than the land, 
over which they therefore gained slowly northwards. 
This sei$ (summer) canals experiment proved a 
failure. Costly and hard lifting of water by machines 
had still to be resorted to. Worse still, a whole army 
of corvée labour had annually to work on the clearance 
of the ever-silting canals in order to maintain the 
requisite depth. 

From 1825: Instead of lowering the canal beds, 
the reverse procedure was adopted, namely, to raise 
their water level by barraging. Series of regulators 
were thrown across the delta canals. However, 
silting above the regulators soon strangled their 
action and reduced intake. Again, clearance by a 
400,000-strong corvée army for four months annually 
was merely a palliative. This procedure persisted 

to [21, p. 54-57]. 

1. Makriai, Kliitat, vol. 1, p. 95-98 (in Arabic). 
2. Makriai, ibid., vol. 2, p. 137 et se*. 
3. Alidoillatip/ii Historia0 Acygpti, Oxford, p. 210 et s e p  
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until 1843 when construction of the Delta Barrages 
began at the hydrologically strategic position of the 
bifurcation. The impounded, raised water was to 
supply three arterial feeder canals (ruyahs), each 
commanding a triangle of the delta. CompleLed in 1861, 
the barrages functioned imperfectly until put back 
in order in 1890 when they could hold up water 
4, m. above its normal summer level. 
The full conversion of the delta to perennial irri- 

gation, which started earlier in the south than in the 
north, was thus achieved. It was effecLed through 
a whole network of sei$ canals pivoted on the three 
rayahs from which they took off and not from the 
Nile branches. This network assumes the shape of a 
fan or a bunch spread from the apex of the delta 
and closely following the old channels, thus running 
along the higher contours and tongues so as to com- 
mand the adjacent low-lying areas. It represents an 
intricate hierarchy of graduated channels ranging 
from main carrier canals to branch canals, distrib- 
utaries and field ditches (miskas). 
In the valley, perennial irrigation gradually pro- 

ceeded from north to south, the starting point for all 
Egypt being the apex of the delta. The Ibrahimiya 
was the first summer canal in Middle Egypt (1873) 
where it carried water to the sugarcane plantations of 
Ismail and a summer supply to the Fayum. It ran 
on land 1 m. higher than its surroundings [50, p. 1241. 
It will have been noticed that until the close of the 

century, conversion to perennial irrigation depended 
on merely raising the immediately available summer 
supply. The inadequacy of this partial utilization 
was soon manifest and a new era was ushered in 
when the floodwaters were stored for summer irri- 
gation. This was effected by the erection of Aswan 
D a m  (1902). Such is the basic distinction between 
barrages like those of the delta and a dam like Aswan. 
It was only natural for the position of the dam to be 
at. the southernmost part of the river so as to benefit 
the whole country. This was true also of its site at a 
solid constriction in the river-the First Cataract. 
The dam (capacity 1 milliard m.3) provided more water 
for the extension of perennial irrigation and was also 
a guaranty against low summer supplies. For the 
efficient distribution of the new reserve, a series of 
barrages like those of the delta, but on a smaller 
scale, were built: Assyut (1902), Zifta (1903), Isna 
(1909), Nag Hamadi (1930). Carrier canals from each 
were likewise dug. With increasing water require- 
ments the Aswan D a m  had to be twice heightened : 
1912 (2.5 milliards m.3) and 1933 (5.7 milliards m.3). 
The opening decades of the century may well be desig- 
nated the ‘era of dams and barrages’. 
In 1925 the perennial to basin ratio was 4 million to 

1.2 million feddans. Today four-fifths of the culti- 
vated area is perennial, the basins being confined 
to Upper Egypt. In the last few decades, however, 
summer lift irrigation has been increasingly practised. 

Such areas attain 70 per cent of the cultivated land 
in Assyut province and 50 per cent in Sohag prov- 
ince [40, p. 411. 
The crux of perennial irrigation is the relative level 

of land and water. Perennial geotechnics-dams, 
barrages and canals-are therefore tantamount, in 
effect, LO a virtually re-created orography. Landscape 
is now more man-made than ever before. While under 
the basin system the land was wholly inundated, 
the river is now absolutely imprisoned in its channel. 
The old basin embankments were ploughed up 
and a colossal protective bank (gisr al-turrad) was 
built on both sides of the river from Jebel Silsilah in the 
far south to the Mediterranean [Zl, p. 571. Whereas 
the valley in its entirety was converted into a seasonal 
vast lake from which only the slim banks emerged, 
the situation is now reversed: a dry valley punc- 
tuated with hundreds of canals-a drastically ‘in- 
verted hydrology’. Instead of one copious and pro- 
longed watering, many waterings throughout the 
year are now applied at intervals. The greatest 
significance, however, was the changed danger of the 
flood. Under the basin system the dangers of too high 
floods were relatively slight-only sweeping the 
nabari crops, the basins themselves being naturally 
submerged. Indeed, thanks to the unusual quantity 
of silt, the drowning of the nabari meant an abundant 
crop in the ensuing years. The real danger was the 
defective flood. N o w  during the Nile flood period, 
summer crops are standing in the field and evesy- 
thing is done to confine the river to its channel. 
If allowed to overflow, it would ruin the whole crop. 
Geotechnically, perennial irrigation, imprisoning as 
it does the flood within its channel while the summer 
crops are still standing on both sides, has artificially 
put Egypt in the unenviable situation of Iraq where 
seasons of flood and cultivation are diametrically 
opposed. 
Perennial irrigation meant an extended land use, 

both horizontally and vertically, to roughly 3 million 
feddans in 1820, to 3.5 million in 1830, to 4.1 million 
in 1852, to 4.9 million in 1889 and, with the completion 
of the Delta Barrages in 1890, it rose to 5.495 million 
feddans in 1899, then to 5.658 million in 1911. The 
actually cultivated area, however, was less : 4.805 mil- 
lion feddans in 1893-1894; 5.403 million in 1904-1905; 
5.282 million in 1913 [Zl, p. 581. Horizontal expansion 
has since been slower, the cultivated area being 
5.698 million feddans in 1955-1956. 
Growth of the crop area has been more spectacular. 

Cropping being year-long, the land now gives two 
or three crops-sometimes even more per year. 
This intensified use is like a change from a vega 
to a huerta, and makes the farmer rather a gardener. 
Until the turn of the century, the crop area was nearly 
7 million feddans. It reached 8 million in about 1920, 
9 million in about 1945 and in 1957 it surpassed the 
10-million mark for the first time. The density of 
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cropping is now nearly 177 per cent on the national 
level. 
The increase of crop area compared to actual 

area is all the morc significant because it has been 
essentially directed towards the more importan1 
summer and flood crops. 

TABLE 1. Changing values of crop area by season8 [21, 
p. 153; 221 

Year Winter %, Summer % Flood Total 

1879 3 139 228 65.9 813 012 16.9 809 938 16.8 4 762 178 
1899 3 906 299 55.5 1712 276 24.3 1414 136 20.1 7 032 711 
1913 3 728 761 48.3 2 205 959 28.6 1777 692 23.0 7 712 412 
1957 4 698 621 46.7 3 364404 33.4 1881 064 18.7 10 054,681 

~~ 

All thrce groups have steadily gained in absolute 
acreage, thc winter increase specifically denoting 
horizontal expansion. Although still first the winter 
crop area has relatively dropped from two-thirds 
of the total to less than one-half. The flood crop 
area again is relatively negligible; while the real 
change is that shown by the summer crop area-now 
nearly one-third of the total. 

Clearly then Egyptian agriculture has become 
intensive as well as a truly ‘wet agriculture’. This, 
however, has been vitiated by many drawbacks 
inherent in perennial irrigation. 

W E A K N E S S  OF PERENNIAL AGRICULTURE 

For a few years after the advent of perennial irrigation 
a rise in average yield was marked for most crops 
[Zl, p. 1541, thanks no doubt to the millennia1 reserve 
of fertility in the soil maintained under basin agri- 
culture. Soon, however, yields seriously declined 
and have since continued to do so, although in the 
last few years the downward trend has been arrested 
and partly reversed. 
Four main reasons attendant upon perennial irri- 

gation account for this. 

Insects. Wet agriculture, by increasing moisture in 
soil as well as in atmosphere, has created an ecolo- 
gically favourable habitat for both plant and animal 
parasites. T o  cite only one example, the increased 
summer supply after the erection of the Aswan 
D a m  in 1902 was immediately followed in 1904 by 
failure of the cotton crop through the devastating 
worm [Zl, p. 155-1561. The boll-weevil is the most 
publicised of the field pests, but the evil is common 
to most other crops and the over-all loss is enormous. 

The ‘red water famine’. Perennial irrigation has mate- 
rially deprived the soil of the silt-laden red water. 
A basin-irrigated acre receives annually much more 

mud than a perennially irrigated one because all the 
gates and sluices of dams and barrages are left wide 
open in flood lest the mud would choke up the sys- 
tem or silt up the rescrvoirs. On the other hand 
when the flood is strictly canalized out to the sea 
within its banks, only ‘anaemic’ water is allowed 
to reach the fields. The greatest danger that jeopar- 
dizes soil fertility in Egypt, many authorities main- 
tain, is a ‘red water famine’-a downright ‘suicidal 
policy’ [85, vol. 2, p. 4561. Another school of thought 
would deny the special value of silt and claim that 
fertility is due to the Nile water itself whether or not 
charged with silt [SO, p. 1291. In any case, to make good 
the diminished fertility, recourse to ample chemical 
fertilizers has, since 1900, increasingly become an 
essential feature of Egyptian agriculture. However 
despite the increasing doses of artificial fertilizers, 
yields are much greater on basin lands. Today the 
average consumption per acre far exceeds any norms 
known in other agricultural countries [29, p. 4641. 
Imported nitrates and super-phosphates are the 
main items, with consumption greater in the valley 
than in the dclta [4, p. 391. Reduction of imporb 
during the last war was immediately reflected in an 
alarming drop in average yields. 

Overcropping. Perennial cultivation, with its suppres- 
sion of shuralci (fallow) is synonymous with over- 
cropping. The new crops have actually inherited the 
sharaki. T w o  main rotations, pivoted on cotton, are 
practised-the biennial and the triennial. The latter, 
more rational, practice permits the cultivation of 
cotton in one-third of the area and the longer fallow 
and rest give yields exceeding by as much as 20 per 
cent those of the biennial. However, this practice 
is followed only by a minority. The biennial gives morc 
crops, but exhausLs fertility. Overcropping joins 
forces with the ‘red water famine’ in raising inor- 
dinately the consumption of fertilizers. 

Wuterlogging and salinity. To ensure flush irrigation, 
the perennial canals were run at high levels throughout 
the year. Frequently they ran at the same level as 
the land-indeed occasionally higher. There was 
serious over-watering. It was maintained at the end 
of the century that Egypt’s problem was one of water, 
and clamour was everywhere for more summer flush 
water. However, the presence of water continually 
in the soil hindered its natural drainage downwards 
and a quantity of water began to accumulate every 
year in the soil near the surface. Thus, an artificial 
water table, quite different from and independent of 
the natural water table, came into existence [28, 
p. 153-156; 521. In places it was not more than 1 m. 
deep, and asphyxiation from waterlogging menaced 
the crop roots. In 1884 the level at which water was 
held up at the Delta Barrages was raised from R.L. 
12 m. to 13 m., and in 1889 a rise of 1 m. in the sub- 
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soil water was recorded everywhere in southern 
Munufiya [85, vol. 1, p. 1001. Since then the level 
has bccn persistently increased, with a corresponding 
rise of suh30il water. 
Progressive salinization, too, began. The Nile 

waters contain much soluble salt, and under perennial 
irrigation an acre is estimated to receive 96 kg. 
’ of salts mostly sodium chlorides [37, vol. 1, p. 1831. 
The annual flooding under the basin system took 
care of washing away these salts. But sincc perennial 
irrigation Egyptian agriculture has become more 
than ever a ‘constant struggle with salt’ [37, vol. 1, 
p. 1831. This evil was more menacing to the lighter 
sandy soils where infiltration is quicker than in the 
denser clayey soils, but it is fairly easily remediable 
in the former whereas in the latter, once established, 
it is extremely difficult to treat. Since the heavier 
sandy particles are deposited nearer to a channel 
and earlier in its course than are the fine clay particles, 
the dangers of the rising water table were first manifest 
in the southern, more sandy, delta rather than in the 
more clayey north and along canals rather than away 
from them [SS, vol. 1, p. 3971. For crops, the danger 
is more disastrous to Lhe longer rooted ones-mainly 
the all-too-important cotton-and less serious to 
cereals and bersim. Signs of soil sterility began earlier 
in the middle reaches of the delta, the south being of 
relatively higher elevation and the north more clayey. 
There some of the choicest cotton lands in Egypt 
lost their fertility [85, vol. 1, p. 411 et sep.]. Soon, 
however, it was the turn of the south and Munufiya, 
of age-old renown for its fertility, began to suffer and 
‘radishes and cucumber paid more than cotton’ [84]. 
In the north, exceptionally high floods induced a 
good rice crop, but the following year the cotton 
crop would be a complete failure [6]. Naturally, 
the valley, more elevated, was less vulnerable, but 
was not ultimately spared. Such, LOO, was the story 
of the Wadi Tumeilat, ruined by the high level 
Ismailiya canal, and the lands adjacent to the Ibra- 
himiya in Middle Egypt. 
These developments gave rise at the end of the 

century to the alarmist view that perennial irrigation 
would ultimately ruin the fertility of Egypt [50, p. 1331. 
W e  now know enough to take a more moderate view. 
Artificial irrigation means artificial drainage. Until 
World War I, drainage was a very secondary question, 
but has since leapt into the forefront. Everywhere, 
the fellah n o w  asks for a drain. After laborious 
experimentation, Lhe optimum depth of drains has 
been fixed, with an eye to the length of cotton roots, 
at 1.25 to 1.50 m. below land level [58]. In the delta 
a network of drains similar in hierarchy to that of 
irrigation canals has come into being, ending at the 
Mediterranean or the northern lakes. The network 
is carefully interdigitated with the canals, each main 
drain being parallel to and lying between two main 
canals, thus occupying the lower Longues of land 

leaving the higher stretches to carry irrigation [85, 
vol. II, p. 4511. Similarly, the smaller drains are 
interposed between canals of respective rank. A serious 
problem in the delta is the feeble slope while substan- 
tial sections in the north are well below sea level, 
so that drainage by gravitation is precluded and 
electric pumping stations have had to be installed 
to clischarge water out into the sea. Drains, too, 
take up much valuable land. Since the syslem is 
hardly effective if not connected to every field, as 
much as one-tenth of the total area m a y  be claimed by 
drains [Zl, p. 2451-a staggering ratio where land is 
so precious. The answer lies with covered, piped 
drains, bu1 this has hardly been put into effect so far. 
The rising water table has been further controlled 
by eliminating high level canals and lift water has 
been supplied by electric pumps to those high tracts, 
such as occur in Kaliubiya, that cannot be commanded 
by canals of reasonable level. Indeed, many deprc- 
cate the fetish of flush irrigation and recommend 
instead the universalization of lift irrigation. Irrigation 
rotations have also been adopted so that water is 
alternately run high and low, canals thus turning 
into drains during their low water season [67]. 

CHANGING V A L U E S  IN L A N D  USE 

Perennial irrigaLion has given to Egypt the wide 
range of crops appropriate to the protracted thermal 
traverse she represents. Partly tropical, subtropical 
and warm temperate, the only limiting factor in 
the past was water. N o w  she has been converted 
from a monsoon scmi-oasis into a perennial monsoon- 
and contradicts the contradiction. Here, as Selim 
puts it, ‘the wheat, the maize, the cotton and the 
rice belts of the vast Mississippi basin are all rolled 
into one . . . ’ [5, p. 691-a unique case of compressed 
gradient. 
However, Lhe extended and varied crop complex 

did not really mean the introduction of new crops 
as much as the eEective expansion of already exist- 
ing but previously unimportant ones. This is true of 
cotton, which is erroneously considered by some to 
have been introduced by Mohammed Ali [5]. Known 
from very early times in Egypt, it has been a re- 
discovery. So it is with rice and sugarcane. Indeed, 
perennial irrigation has synchronized with the decline 
or suppression of certain traditional crops, e.g., 
indigo and saffron, due to the advent of aniline dyes 
and kerosene. Tobacco was suppressed on account 
of fiscal policy [Zl, p. 641. Flax has also declined 
considerably with the increased cultivation of cotton. 
The only new crop has been Indian maize. A flood 
crop, introduced via Syria (whence the Arabic name) 
its history in Egypt docs not cover more than 150 years. 
It has rapidly become a major crop, the staple cereal 
of the masses-a change for the worse in the opinion 
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of some as wheat was once the staple cereal in Egypt. 
Anyway, the novelty of the new crop complex lies 
not in absolute innovation but rather in changed 
relative proportions and values. This, however, 
was a mighty enough revolution. The dominance of 
the new summer crops, particularly cotton, has put 
an end to the cultural endemism and historical 
hibernation of mediaeval Egypt, brought her into the 
cockpit of the world market and supplied a medium 
of exchange for modern culture. In fact cotton has 
meant acculturation. It has created new needs as 
well as new means, and evolved agricultural methods 
and techniques-summer crops alone receive the 
maximum attention of the farmer. This, however, has 
been at the expense of food crops : Egypt today-the 
classical agricultural example of the textbook-does 
not produce enough food for her population. LFrom 
food to fibre’ has been the keynote of change, leaving 
the country under the sway of world markets. Egyp- 
tian agriculture is now monoculture by cash value, 
but on the basis of acreage is definitely polyculture. 

ELEMENTS OF T H E  M O D E R N  CROP C O M P L E X  

On the basis of acreage, three categories of crops may 
be distinguished : primary, secondary and tertiary. 

Primary crops 

This is the maize-bersim-co tton-wheat quartet. 
Together they occupy at least three-fourths of the 
cultivated as well as of the crop area-sometimes 
more. The areas given over to maize and bersim 
have been the more constant and those for cotton 
and wheat rather more variable; since the end of 
the last century their crop area very rarely fell 
below 20 per cent for each crop. They progressively 
gain in area at the expense of other crops and while 
maize and bersim have long contested for first place 
in acreage, the former has tended to lead in the past 
few decades. As the base of the crop-pyramid, they 
significantly represent the staple food of man and 
animal respectively. Maize is the food of the fellah 
and, in order to guarantee his daily bread, is the first 
item in his rotation. The importance of bersim is due 
to the absence of natural pasture. The allegation 
that the animal population has decreased since and 
because of perennial irrigation [SO, p. 1321 is not 
supported by the facts and is rightly refuted by Farid 
and Thomas [26, p. 138; 77, p. ZOO]. The increasing 
bersim area has been in harmony with a growing 
animal population. Issawi argues that Egyptian 
agriculture is wasteful in its use of bersim as fodder 
and that the soil of Egypt is much too valuable for 
maize which might conceivably be imported. However, 
bersim is essential for an animal population-so 
valuable in farm work and in its manurials and dairy 

products, though the value of the last item has bee11 
found to he less than the value of the fodder offered. 
Yet bersim, a green nitrogen fertilizer in a depleted 
soil initially poor in nitrogen compounds, is primarily 
the safety valve of Egyptian agriculture, an antidote 
to perennial cropping of the typically exhausting 
maize, cotton and wheat. 
Cotton and wheat rank lower in acreage than maize 

and bersim. While cotton sometimes attained 244 per 
cent of the crop area, wheat has never reached 20 per 
cent, the average being 16-17 per cent. While cotton 
fell, however, occasionally to 12.5 per cent (1931), 
wheat has scarcely ever dropped below 15 per cent. 
Cotton is thus more fluctuating and variable than 
wheat; it is perhaps the most variable of all our crops. 
Introduced seriously only in 1890 [77, p. 1561, its 
area is a function of the world market. Pivot and 
master of Egyptian agriculture, it is nevertheless 
a slave of world prices which, with her small produc- 
tion, Egypt can never hope to control. Hence the 
failure of all restrictive policies on its acreage. The 
relative value of cotton with respect to other crops 
has visibly declined : in 1924 its value was five times 
that of wheat and three times that of maize. In 1932 
it was one and a half times the value of wheat 
[43, p. 64’1. Lately, however, its relative value has 
been mounting, and cotton is still ‘king’. It is more 
popular with the big landowners in view of its profi- 
tability and possibilities. Also, it lends itself readily 
to a system of hiring, it being unconsumable by the 
tenants [43, p. 6$]. Cotton acreage shrinks in world 
wars and crises, expands in periods of strategic 
stockpiling such as that of the Korean War. Self- 
sufficiency in food becomes an imperative national 
policy in wartime; the gainers are usually cereal crops, 
particularly wheat. To some extent the movement 
of cotton and wheat vary inversely in area. The story 
of cotton in Egypt has invariably been the iiitro- 
duetion of new varieties and strains, which in turn 
soon deteriorate as a result of mixing (winds being 
a potent factor), and then a new variety is again 
introduced. 
Wheat, a staple of the urbanites, has lately been 

expanding with growing urbanization-itself a product 
of cultural changes ultimately wrought by cotton. 
The urban contingent stands now at one-third the 
total population [344, p. 131. The rather stationary 
wheat area has necessitated the importation of consi- 
derable quantities of wheaten-flour. It is to be noted 
that until before the second world war there had been 
a margin of surplus for export. 

Secondary crops 

On the national plane, this class should not exceed 
10 per cent of the total crop area nor be less than 
1 per cent. This is admittedly a wide range and the 
minor members may conceivably be considered in the 
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tertiary group. However, this category comprises by the foreign market. Some of the tertiary crops are 
six crops totalling 18 per cent in 1957 and ranking substitutes for bersim, e.g., fenugreek, lupins, and 
then as follows : chick-peas. Others are vegetable oil crops, e.g., 

sesame and groundnuts. 
Rice Beans Vegetnbles Bnrley Cane Fruit 

7.3 3.5 3.4 1.3 1.1 1.1 

They fall into two groups: declining and growing. 
The declining crops had until recently an important 
place. Beans occupied one-tenth of the total area at 
the end of the last century. It is the main summer 
fodder, besides being an important protein-rich 
fodder. Barley, once 7 per cent of the crop area, has 
dwindled with the rise of rice and millet, the optimum 
use always having first claim on the land. 
The growing group is headed by rice. Its water 

requirements are insatiable, the ‘water duty’ being 
more than twice as much as that allocated to cotton. 
Its expansion, therefore, had to await the summer 
supply schemes. It is still directly dependent on the 
state of the flood, its acreage being annually decided 
by edict in accordance with that determinant. The 
first claim on water goes naturally to the standing 
crops, and rice has to be satisfied with the residue 
[40, p. 601. Undoubtedly ‘riziculture’ has been the 
most important revolution in Egyptian agriculture 
since cotton [73]. It now occupies as much as half the 
land devoted to cotton or wheat, and has therefore 
become a vital export crop. In ‘vegeculture’ there has 
been virtually a silent revolution. Vegetables, together 
with fruit, occupied in 1900 some 18-19 thousand 
feddans only and 29 thousand in 1914-1915;l and 
today they alone rank with beans in area-and 
nearly half that occupied by rice. Vegeculture as 
well as horticulture and arboriculture are all related 
to growing 
standard of 
area as do 

urbanization and its attendant rising 
living. Fruit does not occupy as great an 
vegetables. Similarly with sugarcane, 

which, though very minor in terms of area, is of 
primary standing in terms of value and because it is 
the oldest industrial crop of Egypt-earlier than 
cotton. Its systematic cultivation began after the 
cessation of the American Civil War as a substitute 
for the fall in the price of cotton. This piece of specu- 
lation, however, proved a failure and a decline in 
area set in, until the trend was reversed in the last 
few decades. 

Tertiary crops 

This category includes seven crops totalling 3 per cent 
of the crop area in 1957; each one occupies less than 
1 per cent. 
Lupins Lentils Fenugreek Chick-peas Onions Sesame Groundnuts 

0.1 0.8 0.6 0.4 0.4 0.4 0.3 

Onions, an export crop, are the most important, 
and the area of cultivation is determined, like cotton, 

ECOLOGICAL CONTROLS OF AGRICULTURAL 
L A N D  USE 

A major distinction between primary crops on the 
one hand and secondary and tertiary crops on the 
other is that the former are almost universally grown 
all over Egypt, while the latter are highly localized 
in their distribution. So much is this so that one may 
divide Egyptian crops into universals and locals, the 
former providing a general matrix, the latter embedded 
in the background as distinct pockets and enclaves. 
This basic pattern is due to the interplay of various 
controls, physical and human. 

Physical controls 

Of the two climatic conditions of humidity and tempe- 
rature, irrigation has practically neutralized the former. 
Apart from the basin-irrigated sector in Upper 
Egypt (where cotton is considerably reduced), the 
effect of modern geotechnics has been to reduce regio- 
nal inequalities with regard to water supply. Yet the 
flood still arrives later and has a shorter duration 
in the delta than in the valley. This may retard the 
cultivation of maize with adverse results to the crop. 
Again the slight winter rains of the northern strip 
of the delta may harm the growth of cotton. In general, 
however, it may be said that the real differential 
influence of water and hydrology is conditioned by 
some such factors as elevation and soil. 
Temperature is probably a more effective differen- 

tial. It generally drops northwards, while relative 
atmospheric humidity increases. Since bersim, maize 
and cotton require moderate temperature and a 
humid atmosphere, they are more important in the 
delta than in the valley. Even within the delta, bersim 
and cotton progressively decrease southwards. This 
is also true of the valley, so that all over the country 
these two crops systematically decline in ratio and 
density from north to south. In particular, the better 
qualities (long staple) of cotton are sharply restricted 
to the humid, cooler north, while the coarser and 
shorter types are relegated to the south. Maize, 
with its considerable vegetative growth, is more 
adapted to the north, hence the decrease in percen- 
tage of cropping southwards. It is noticeable that 
wheat, the transitional, intermediate crop par excel- 
lence with the widest range in distribution the world 
over, is the most regularly distributed crop in Egypt. 
Most secondary crops reveal strong localization,2 

1. Ann. Stat., 1915, p. 121. 
2. Figures worked out from Monthly Bulletin, Agric. Siutisiics, 195û. 
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FIG. 1. ‘Pioneer fringe’ of reclamation of Egypt. 

mainly because of the temperature. Some 93.6 per 
cent of the total crop area of sugarcane is concen- 
trated in Upper Egypt, where two pockets (Minia 
and Kena-Aswan) account for 85 per cent of the 
national total. Kena alone accounts for 53 per cent. 
In the last century sugarcane culture was centred 
in Minia, but now a definite shift has taken place 
towards the Far South-no doubt in search of higher 
temperatures. Nearly 68.2 per cent of the area given 
over to onions belongs to Beni Suef-Minia-Assyut- 
Sohag-the ‘onion pocket ’. Similarly lentils, which 
were previously grown in both delta and valley, 
have, as pointed out by Farid [26, p. 1381, experienced 
a definite migration to the valley; they are never 
grown in the delta today. A concentration of 99 per 
cent of the total national acreage of lentils in Kena 
and Assiut (71 and 27.7 per cent respectively) forms 
a definite ‘lentil enclave’ there. Again lupins form 
essentially a valley crop, where 96 per cent of the 
total acreage belongs to Minia-Assyut-Kena. 
Fenugreek too, is a valley crop: 92 per cent of its 
total area; with 86 per cent in Fayum-Minia-Assyut- 
Sohag-Kena, the centre of gravity being in the south. 
On the other hand, such little flax as is grown in 
Egypt belongs entirely to the delta, where 70 per cent 
of the total area is monopolized by the cooler, wetter 
north (Beheira, Gharbiya and Dakahliya). It is certain 
that all these cases of narrow localization are related 
to temperature. This is attested also by the fact 
that yields in these areas are invariably the highest, 
denoting optimum habitats. 
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This potent control ha, two aspects : mechanical 
structure and salinity. Chemical composiiion may 
be dismissed as being essentially homogeneous all 
over the country, genetically belon 
the same source, the Nile deposits 

Mechunicul structure. Extremely changeable, even 
within one and the same field, the pattern of soil 
structure in Egypt is hopelessly complicated. The 
broader lineaments of Egyptian agrogeology, however, 
can be ideniified. The proportion of sand decreases 
while that .of clay increases northwards throughout 
the whole length of the country. 
The valley is thus more sandy than the delta where, 

apart from the hard section, a thick black clayey 
soil (urd soda) predominates, reaching its maximum 
development south of Lake Brullos. There clay 
constitutes 80-90 per cent of the soil composition, 
giving it an extremely tough plastic impermeable, 
therefore retentive, texture. Arenaceous soil predo- 
minatek again in the east and west fringes of the delta 
(urd sofru). 
This general pattern is a basic control of crop 

distribution. Despite their farming difficulties, the 
sedimentary argilaceous dense black soils are rich 
in nutrients and are admirably suited to exhausting, 
long-rooted cotton which is adversely affected by the 
poor sandy soils. Cotton therefore increasingly thrives 
and preponderates within the delta from south to 



Evolution of irrigation agriculture in Egypt 

north with the increasing prevalence of black soil. 
The same type of soil is necessary for maize; this is 
partly the reason why it is more widespread in the 
delta than in the valley where the proportion of sand 
rises steadily southwards. The sandy, rather saline, 
soils along the fringes of the delta account for the 
localization of sesame and groundnuts in Sharkiya 
in the first place and Beheira in the second (37 per cent 
of the crop area is devoted to each in both provinces). 
It explains too, the concentration of henna in Shar- 
kiya and Kaliubiya (76 per cent of the total crop 
area of that plant). Fruit growing is likewise related 
to the sandy soils of Kaliubiya, Sharkiya and Beheira 
which together account for 52 per cent of the orchard 
area in Egypt. Hardy barley replaces wheat in the 
poorer, saline sandy soils along the margins of the 
delta and in the tail-end of the valley. Thus Beheira 
and Sharkiya in the north and Kena and Aswan 
in the south monopolize 66.8 per cent of the barley 
area in Egypt. 

SuZinity. In the northern half of the delta as well 
as in the Fayum, the salt content of the soil exerts 
a major restrictive influence on cultivation. It is 
related in the latter to inadequate internal drainage 
to Lake Karun which lies below sea level. In the for- 
mer it is connected with the formation of the Berari, 
the low contour and the perennial irrigation. In fact 
throughout the delta the fertility factor is the salt 
quantum [46]. Good land has an average salt content 
of about 0.3 per cent, medium land 0.5 per cent while 
land rated poor has 0.8 per cent and barren land may 
contain anything up to 25 per cent. The gradual 
transition from good land in the south through 
medium to bad and barren in the northis a fundamental 
feature. The less porous and permeable black soil 
favours capillary attraction more than the sandy 
soils, hence the rise of the artificial water-table 
(connected with perennial irrigation and neglected 
drainage) is accompanied by more salt efflorescence 
and salinization in the former. The salt content is 
therefore a function of the degree of subsoil water 
infiltration and of drainage, themselves partly func- 
tions of altitude above sea level. Contour and feïtil- 
ity are closely interdependent. Thus the general 
division between good and medium lands follow 
roughly the 6-m. contour, while that between poor 
and barren is in the vicinity of the 5-m. contour. 
Through the control of salinity, the micro-relief of 
the delta assumes undue influence on fertility. Thus 
up to the 1.5-m. contour the soil has frequently 
been washed by the sea, and in lands in immediate 
contiguity to Lake Brdos and the littoral the salt 
content varies from 5 to 8 per cent of sodium chloride 
and from 1 to 2 per cent of magnesia. Between the 
0.50-m. and 1-m. contours it decreases to 2-2.5 per cent 
for both salts and is 1 per cent of sodium chloride 
and 0.5 per cent of magnesia for lands above the 

1-m. contour. In local cases, however, these limits are 
ignored; and in general soils with more than 3 per 
cent of salts are uncu1tivable.l In fact, below the 7-m. 
contour bzd drainage is always accompanied by salt 
eíñorescence and below the 3-m. contour salt is 
everywhere in excess [85, vol. 1, p. 321. T w o  grades 
of salinization are noticeable. Where relatively fresh 
subsoil water is nearest to the surface, ‘black alkali’ 
prevails, while ‘ gypsum-veined’ soils in Egypt 
occur in localities where subsoil water is deeper. 
Some humus-less types of the black alkali soils are 
actually solonshaks, while €orms of solonetz also 
exist [il, p. 166; 24*]. 
From, the standpoint of agriculture, this physical 

pattern of the Berari belt makes it at once synon- 
ymous with rice. Although rice actually thrives 
better on good land as in the south of the delta, it has 
essentially come to be the reclamation crop par 
excezlence. Lavish in its water requirements (4, m.3/day/ 
acre), it permits of abundant washings which dissolve 
the surface salts from the soil. There is, generally, 
a cycle of reclamation here. If salinity is 3.0 per cent 
nothing but wild weed would grow, but if reduced 
to 2.0 per cent a rough species of low grade millet 
(deneiba) can be raised, and it is not until it has been 
reduced to 0.5 per cent that rice can be grown. Bersim 
usually follows in order to nitrify the soil and generate 
humus in it. Cotton can then follow. It has been found 
that if the subsoil water level in the northern delta 
can be maintained permanently at a depth of 70-80 cm. 
from ground level, cotton can be safely grown and 
would yield 5-ó kantars (250-300 kg.) per feddan- 
provided rice alternates with it every third year. 
The recurrence frequency of rice cultivation is propor- 
tionate to the depth of the subsoil water, i.e., dependent 
upon the stage of reclamation. Again, on both sides 
of a drain effective amelioration of land is confined 
to an immediate small width, beyond which drainage 
eficiency diminishes progressively to vanishing point, 
and here recourse to rice cultivation is imperative 
at short intervals while the favoured strips along the 
drain can grow cotton more frequently. Hence it is 
noticeable in the north of the delta that rice tends to 
preponderate in the lower-lying ill-drained stretches 
while the more favourable strips nearer to drains are 
given over to cotton [17; 58, p. 99-1011. 
South of the Berari proper, salt exists, but in pro- 

portion not very harmful to cotton which seems to 
tolerate a slightly salty soil. Maize is, on the contrary, 
very sensitive to any salt in the soil since its roots 
are shallower than those of cotton. Therefore where 
subsoil water has risen, maize will be confined to the 
higher parts, which are still free of salts, while cotton 
and rice will be sown in rotation in the lower-lying 
parts. 

1. H. Shy, Science of Irrigation, Cairo, vol. II, p. 32 (in Arnbic). 
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Human controls 

Human factors m a y  go counter to the physical controls 
as discussed above, As Hume points out the principle 
of adaptation in Egyptian agriculture is not always 
strictly observed. Owing to the universal desire of the 
fellah to guarantee his own food, and if possible 
ready cash, maize and cotton are too generally grown- 
partly irrespective of physical optimum conditions. 
The demographic factor, too, is a prime control 

of land use. The pattern of density in Egypt is fairly 
simple : proceeding from both extreme north and 
south, it rises quickly and steadily until the summit 
densities are reached at the head of the delta. A basic 
feature of rural economy in Egypt is that in every 
locality the local demands for grains, pulses and 
foodstuffs must be satisfied in the first place and the 
proportions of other crops are subordinate to, and 
conditional upon, their acreage. Hence the demo- 
graphic differential looms large in the crop combi- 
nations of the land use equation. This explains 
why the maize area goes hand in hand with density, 
in the valley as well as in the delta where it substan- 
tially increases from north to south. 

The pattern of land tenure has also its repercussions 
on land use. Such commercial, costly crops as cotton, 
fruit and sugarcane are closely related to big landow- 
nership which predominated in the northern delta 
and in certain enclaves in Upper Egypt. 
Finally urbanization may be regarded as one of the 

really potent determinants of land use, though in 
a rather patchy manner. With accelerated urbani- 

zation and the rise of metropolitan super-cities, 
concentric rings of what may conveniently be desig. 
nated ‘urban crops ’, vegetables, dairy products 
and fruit are already well developed. Particularly 
around the two conurbations of Cairo and Alexandria 
and the Canal towns, as well as the major urban 
centres of the delta, agricultural geography is clearly 
subordinate to urban geography. 

AGRICULTURAL REGIONS 

It is not easy to define distinct and clear-cut land use 
regions in the Nile Valley since in one sense it may 
all be regarded as one vast single region of mixed 
agriculture. Yet with a proper sense of proportion, 
minor regional associations and typologies can be 
identified within such a region. The snag is always 
that the main crops are too general, while the speci- 
fically local crops are of minor weight in area as well 
as in cash value. A possible way out is to recognize 
main types on the basis of the principal primary crops 
-the base complex. Internal ranking within this 
complex should also be a useful guide. Sub-types can 
then be identified within them by reference to secon- 
dary and tertiary crops. The national crop area 
percentage can always be used as a norm from which 
local and regional deviations are assessed. Agricul- 
tural regional personalities would thus emerge. For 
regional purposes, however, the statistical basis 
of distinction between primary, secondary and ter- 
tiary crops must differ from their national basis. The 

FIG. 2. Agricultural regions: 1. Northland; 2. Metropolitan Triangle; 3, Middle Egypt; 4. Far South. 

134 



Evolution of irrigation agriculturc in Egypt 

following limits have been found practical : primary, 
+lO per cent; secondary, 10-5 per cent; tertiary, 
5 per cent-reference being always to crop area as of 
1956-1957.l It is once again necessary to insist that 
the resultant regions are not first order, that they 
all have a basic common denominator and merge 
gradually into one another without hard and fast 
limits. 
On these bases four agricultural regions are discer- 

nible within the Nile Valley in Egypt, namely the 
Northland, the Metropolitan Triangle, Middle Egypt 
and the Far South (see Fig. 2). 

Northland 

Essentially the ‘ pioneer fringe ’ of reclamation of 
Egypt, the belt includes the provinces of Bebiera, 
Kafr El-Sheikh, Gharbiya, Dakahliya and Sharkiya 
(see Fig. 1). It comprises the Berari and the rice belts 
in their entirety, as well as the sandy east and west 
margins of the delta, where it monopolizes a series of 
nearly whole pockets of minor crops like barley, 
sesame, henna and groundnuts. A sparsely populated 
region, it is distinctively extensive in land use, with 
predominantly commercialized stereotyped production. 
The four primary crops of the base complex (maize, 

bersim, cotton and wheat) occupy together a crop area 
similar in general to their national value (i.e. 78 per 
cent). Beheira, however, is a serious deviation (59.5 per 
cent). Apart from the very peculiar Far South, it is 
the only province in Egypt where the ratio of the base 
quartet drops far below its national average. The 
reason is that here rice rises to the rank of a primary 
crop nearly equal to wheat (12.8 per cent and 
12.9 per cent respectively). The base complex thus 
includes five not four crops. 
The elements of the base complex in Northland are 

characterized by a specific order of importance. 
Bersim occupies a greater area than maize, cotton 
than wheat, the order thus being bersim, maize, 
cotton and then wheat. This is the only region where 
bersim persistently outweighs maize in acreage. The 
main explanation lies in the fact that the real poten- 
tialities of these new lands rest with animal husbandry 
and dairy products rather than with traditional 
farming. Again the supremacy of bersim and cotton 
over maize and wheat respectively reflect that the 
accent is here laid on commercial rather than food 
production. A sparse population, and a prevalence 
of big land holdings together with a suitable soil and 
climate jointly account for this. The former order, 
however, is offset in Kafr El-Sheikh and Dakahliya, 
where rice takes the rank of maize. These are in 
fact the two nuclei of ‘rice-land’. Bersim, however, 
remains the first crop as elsewhere in the region. 
A rise in rice cultivation so marked as that in Kafr 

El-Sheikh and Dakahliya is achieved at the expense 
not only of the primary crops but also of the secondary 

which are in turn demoted to tertiary. This applies 
particularly to beans and vegetables. In Beheira 
where rice is only reasonably prominent these two 
crops are of secondary order and vegetables, in parti- 
cular, aitain their highest percentage of the crop- 
area in the delta. In the remainder of the region, 
the secondary rank is represenied by rice, the third 
by vegetables and beans. Sharkiya is characterized 
by its wide diversity of tertiary crops owing to the 
localization of certain specialities, e.g., groundnuts 
and sesame. Boch western and eastern peripheries of 
the region in Beheira and Sharkiya have in common 
a sandy soil and a metropolitan orientation (towards 
Alexandria and the Canal towns respectively). Hence 
they are both distinguished by barley and fruit 
growing. 
Synoptically then, the region falls into four sub- 

regions or sectors : (a) The core, Gharbiya, focus of 
cotton, (b) the distributory sectors, flanking the core 
in (c) Kafr El-Sheikh and Dakahliya, representing 
the foci of rice, and (d) the terminal sectors, Beheira 
and Sharkiya, generally more diversified. 

Metropolitan Triangle 

This region comprises Munufiya and Kaliubiya in 
the south of Lhe delta together with Giza at the head 
of the valley. This old, settled, very densely popu- 
lated region further differs from Northland by its 
higher elevations and more sandy soils. Agriculturally 
intensive, this region is primarily one of food pro- 
duction, the pressure of population being of para- 
mount importance. It is distinguished from Northland 
by a marked preponderance of the traditional base 
complex, its percentage of crop area being, with the 
exception of Giza, far above the national average. 
Traditional agriculture is typical, and rice is absent. 
In contrast to Northland, the area occupied by the 
four main crops is in the following order, maize, 
bersim, wheat, cotton. 
The accent is already on subsistence and food 

crops rather than on commercial crops. The impor- 
tance of cotton is reduced to below the national 
average. The metropolitan agglomeration of Cairo 
results in an emphasis on vegetables and fruit. In Giza, 
vegetables occupy 15 per cent of the total crop area, 
thus replacing cotton in €ourth place. 
The region has thus a traditional rural economy, 

modified by urban influences. Its component sectors 
exhibit further specialization. Munufiya is primarily 
the traditional purveyor of milk products and there- 
fore has a high density of animal population, which 
goes with an exceptionally high percentage of bersim 
and maize cultivation. Kaliubiya has a long-standing 
reputation for fruii. The orchard percentage is five- 
fold the national norm. This is explained by the 

1. Cnlculnted from the Monthly Bullefin, Agric. Siaiistics, 19511. 
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sandy soil and relatively high elevation which afford 
good drainage together with the historical factors. 
Giza is the vegetable sector par excellence; here vege- 
culture ranks in acreage as a primary use of the land, 
with a crop-area percentage nearly five-fold the 
national average. 

Middle Egypt 

This region of the valley includes the Fayum, Beni 
Suef, Minia, Assyut and Sohag. It is a region of tradii- 
tional agriculture with the usual base crops and a 
special development of pulses. Maize is as usual 
the first crop-a fact explained by the very high 
population density. Bersim is no longer necessarily 
the second crop as in the Metropolitan Triangle. 
In one case it drops to the fourth position. This is 
a reflection of the diminishing importance of bersim 
southwards throughout Egypt. It is generally the 
second crop except in the Minia-Assyut sector where 
a definite, old-established concentration of medium- 
stapled cotton exists. Wheat finds propitious condi- 
tions in the mild, almost warm, winter of Middle 
Egypt and is elevated from its traditional fourth 
or even lower place to be the third. 
Beans represent a common denominator all over 

the region, but in the Beni Suef-Minia-Assyut-Sohag 
sector they rise to secondary rank. This is actually 
the most important area of bean cultivation in 

Minor crops exhibit a considerable localization. 
Rice and fruit in the Payum are historically famous 
and reflect its peculiar topography-fruit on the 
terraced slopes with rice in the bottom marshes of 
this depression. In Assyut it is lentils and sesame; 
while Minia features the more commercial sugar- 
cane and onions. Fenugreek and sesame are more 
typical of Sohag. 

Far South 

Like Northland, this is a very distinctive region. As 
in Northland, the explanation lies in a marginal 
position, a marginal temperature, marginal soils as 
well as in marginal human conditions. 
The traditional crop complex falls far below the 

national average, accounting for less than half the 
total crop area, The reason is that its elements are 
radically turned upside-down. Maize with millet 
remains the leading crop; wheat is second. Bersim 
and cotton become minor crops. Temperature and 
vestigial basin irrigation are the main determinants. 
Instead, sugarcane, lentils and barley feature in the 
primary complex-Lhe las1 as a poor substitute 
for wheat, sugarcane and lentils reach their highesl 
importance in this region, replacing cotton as cash 
crops. Minor crops assume a greater importance than 

Egypt. 
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elsewhere. They include beans, bersim, cotton, barley 
and fenugreek. 

L A N D  USE REGIONS IN EGYPT 

Having depicted the land use picture of the Nile 
Valley proper in some detail, we may attempt a 
synoptic survey of the land use types in and outside 
the valley. The basis of classification will be the 
dominant land use, following the system devised 
by the World Land Use Commission set up by the 
International Geographical Congress, Lisbon, 1949. 
Four main areas can be distinguished (see also Fig. 3). 

Nile Valley 

The alluvial flood land of the Nile in Egypt is only 
35,000 km.2 or 3.5 per cent of the total territory. 
It assumes the shape of a lotus-w%th the valley as 
the stem, the delta the flower and the Fayum the 
bud [ll, p. 31. Small as it is, it is nevertheless the 
greatest, densest and most ancient human agglo- 
meration-or island-in the continent. In occupancy 
and land use it is more like a segment of a China than 
of a Java. In particular, it recalls the lower Yangtze, 
whose delta has been termed the ‘Holland of China’. 
Translating its water requirements in terms of rain- 
fall equivalent (55 milliard m.3 on a cultivated area 
of approximately 6 million feddans), we get 82 in.-the 
norm of monsoon or equatorial lands. The Nile would 
be more logically located alongside, say, the Irrawaddy 
than alongside the Red Sea. Herein lies a basic contrast 
with fluvial Iraq. Both are semi-oases; but Egypt 
lies in a desert, Iraq in a dry steppe. Land use in 
Iraq shades off gradually from river to desert; in 
Egypt the change is abrupt and definite. 
Neither is the whole area of the Nile Valley culti- 

vated, nor is land use uniform throughout. According 
to the standard system adopted by the World Land 
Use Commission, several categories of dominant 
land use can be recognized. 
Category 1, settlements and associated non-agri- 

cultural land, including ‘public nLilities ’ land, occupies 
an area of 955,000 feddans in 1954#, out of a total 
cadastrated land of 8,316,000 feddans.l Of the urban 
areas, the Cairo conurbation (3.5 million) and Alexan- 
dria alone can be satisfactorily represented on small- 
scale maps. 
Category 2, horticulture, covers 1.1 per cent of the 

total crop area, hut is scattered and diffuse. Fairly 
exLensive orchards are found in Sharkiya and ICaliu- 
biya but cannot be delineated on maps. Much intcr- 
culturc is practised in this category. 
Category 3, perennial or tree crops, is represented 

particularly by groves of palm trees, but these are 

1. Ann. Stol., 1954-5U. p. 143. 
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FIG. 3. Dominant land use category according to nomenclature of the World Land Use Survey. 
Key : 1, settlements and associated non-agricultural; 4a, continental and-rotation cropping: 4+b, basin land rotation; 

4á, oasis continual and rotation cropping: 4,a-9, berari unproductive; potentially continual cropping; 4b-6, land rotation 
with used unimproved grazing: 6a-9, mainly unproductive desert with very little used, improved grazing: 9, unproductive 
desert land. 

widespread all over the valley, especially along the 
desert front east and west of the delta and in the 
valley. Some outstanding clusters may be recognized 
in individual spots such as the Damielta and Rosetta 
triangles, Katia in northern Sinai and al-Marg near 
Cairo, but none are large enough to be plotted on 
1 : 1 m. maps. 
Category 4a, permanently cultivated cropland, 

is the dominant land use type in the major part of 
the valley where perennial irrigation is practised, i.e., 

in the cultivated delta and the greater part of the valley. 
The basin-irrigated sector of Upper Egypt should 

be separated as a local subcategory since basin irri- 
gation is technically a fluvial version of dry farming, 
cultivation being annual. 
The Berari land in the north of the delta, including 

some 1.5 million feddans, is unproductive-category 9. 
Swamps and marshes around the lakes belong to 
category 8, but are potential cropland, awaiting 
reclamation. 
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The northernmost tip of the delta is a sand dune 
belt of grazing and dry farming. It is better consi- 
dered with the coastal belt of Egypt outside the delta. 

Sandy north littoral 

The narrow coastal ribbon, from Marmaraica in the 
west across Brullosia in the north of the delta to 
Sinai in the east, is a single land use unit. Physical 
conditions differ along the different sectors of this 
fringe, but the whole is broadly homogeneous. 
In Marmaraica and Maraeotis a belt from 40 km. 

to 60 km. wide of oölitic limestone and sandy soils 
extends west of Alexandria to the Libyan border. 
In the east, more or less fixed dunes cover the sur- 
face leaving in between narrow, elongated depressions 
with clayey soils. The belt receives about 5-8 inches 
of winter rains. A good deal percolates through the 
porous surfaces and is stored in the dunes. Rainfall 
gives rise to pasture and grazing, especially for 
sheep, also to a type of dry farming which is aided 
by the underground supply. T o  avoid 108s of rain 
water, soil is frequently hoed and loosened into 
a semblance of ‘ mulch ’, thus reducing evaporation 
[76, p. 11. Underground water increases in salinity 
westwards away from the influence of the Nile sub- 
terranean water [38]. It is tapped by wells and wind 
pumps, but tanks, cisterns and aqueducts have been 
renowned in the area since the Romans. This belt was 
highly prosperous and productive in classical times 
and had excellent vines, olives, orchards and grainland. 
The water system was eventually neglected and deso- 
lation set in. Many cisterns and wells have now been 
put in order and cultivation of barley, vegetables 
and fruit such as melons and tomatoes as well as tree 
fruit (figs, olives, almonds and vine) constitutes the 
basic type of land use. With a very low ‘rain factor’, 
denoting extremely dry climatic and edaphic condi- 
tions, and a high rainfall variability, this marginal 
type of dry farming is precarious. Nor is the under- 
ground supply illimitable : over-pumping induces 
invasion by Eea water. Population is therefore sparse, 
mostly nomadic (AwZad’AZi), with few settled nuclei 
along the coast. With a mixed economy of dry farming, 
horticulture and grazing, this area falls mainly into 
categories 4b-6a. 
The tongue of land between Lake Brullos and the 

Mediterranean in the north of the delta is an extensive 
belt of sand dunes composed of sands most probably 
derived from the river rather than from the sea 
[37, vol. 1, p. 57-61]. Consisting of the finest material 
carried down by the Nile, these diffuse dunes are the 
land continuation of shallow sand bars formed 
parallel to the coast by the action of sea currents. 
The prevailing north-west winds helped drift them 
inland. Some dunes are 10-15 m. high and 100 m. 
long. In an area which is the rainiest in all Egypt, 
these dunes act as the main reservoirs of water on 

which the few inhabitanis rely. It has been estimaicd 
that an average-sized dune would receive 7,000 m.3 of 
water during the rainy season. Water is tapped by 
scooping holes at the foot of the dune and even some- 
times at the top [76, p. 21. The method of agriculture 
is essentially similar to that in Maraeotis. With 
a mean annual rainfall of 24~0 mm. and a mean annual 
temperature of 21’ C., the rain factor is only 11, 
while rainfall variability is very high [14,, p. 1451. 
Water-melons, barley, tomatoes, pomegranates, figs 
and grapes, together with some 200,000 palm trees 
scattered in the low-lying pockets among the sand 
dunes, make up the land use of this isolated ‘island’ 
[78]. The palm tree is especially valuable as a fixing 
agent of the ever-mobile dunes. 
The northern strip of Sinai, the Jeffar, is likewise 

covered with sand dunes. Rainfall is more scanty. 
The coastline has occasional lagoons and wadis, the 
most important of which is Wadi al-Arish, with a 
ramified valley system. This is again a nomad’s land 
with patches of wheat and barley dry farming, 
garden plots and palm groves. Here is gathered the 
greater part of the small population (50,000) of Sinai. 
Sand dune reservoirs again afford many wells, some 
worked by windmills. This type of land use is extended 
inland along the Wadi al-Arish which is dammed at 
intervals to impound water for irrigation of limited 
patches [2]. An interesting technique of direct tapping 
of underground water instead of boring wells is to 
plant trees in hollows dug so deep in the sandy soil 
as to approach the water spring as near as possible 
[9, p. 2021. This original method is reminiscent on 
a minor scale of the jardins d’excavation of the Souf 
of south Algeria. According to Makrizi, the Jeffar of 
Sinai was a fairly rich, arable land [15, p. 581-5821 of 
much horticultural imp0rtance.l Schemes are now being 
considered to extend Nile water to this fringe by 
a syphon under the Suez Canal. 

Li byan Desert oases 
Some five or six major oases dot the face of the north- 
dipping plateau of the Libyan Desert. Situated far 
apart, the four southern oases lie roughly along a line 
parallel to the Nile some 200 km. west. In the desert 
but not of it, they are probably aeolian in origin. They 
lose in altitude northwards, until the northernmost 
two, Siwa and Natrun, are below sea level. Artesian 
wells, fed by underground water originating in the 
Sudan highlands and travelling northwards through 
permeable sandstone strata, form the basis of life 
in these oases. This ‘fossil’ underground water supply 
is probably affected by lateral seepage from the Nile, 
while along the north coast it is unforiunately partly 
invaded by sea water. Hence salinity increases in the 
northern group where a brine crust is found in Wadi 

1. Makrizi, ICliifat, vol. 1. p. 297 et seq. (in Arubic). 
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Natrun while the maximum salinity (ten times the 
other oases) is recorded in Siwa [54]. The depth of the 
aquiferous strata generally decreases northwards, 
the range being between 120 m. in Kharga and 20 m. 
in Siwa. 
Of local origin, soil in the oases differs according to 

the type of underlying rock formation. Standing on the 
limestone plateau, Siwa has a sand-and-lime soil, 
while the Bahriya is mainly sandy. The Dakhla and 
Kharga are situated on the sandstone plateau, but 
enjoy a far richer clayey soil derived from the lacus- 
trine deposits of ancient prehistoric lakes. This good 
soil resembles that of the Nile Valley, with the diffe- 
rence that it is not annually renovated and also there 
is a greater mixture of blown sand. 
The total cultivated area of the oases is only some 

30,000 feddans, but presumably there was more in the 
past. The Libyan oases had a brilliant history under 
the Romans when they were a noteworthy source of 
grain and fruil. Thanks to an excellent system of 
well-kept wells and even underground aqueducts 
of the foggara type, still in existence in Bahariya 
and Farafra [9, p. 2021, they supported a considerable 
population. Exaggerated estimates running into 
millions however, are simply untenable. The water 
system eventually fell into disrepair and many wells 
were left to choke up through neglect. Arable land 
shrank and population dwindled. 
The type of land use prevailing in the oases is $a, 

intensive continual and rotation cropping based 
on well irrigation, with a high proportion of horti- 
culture and tree and perennial crops (categories 2 
and 3). Grains for local consumption and fruit for 
export to the valley (mainly figs, pomegranates and 
olives) are grown as interculture under the shade 
of the date palms. While in the valley the problem 
of land use is soil conservation, here it is water conser- 
vation, as in the northern littoral. The two most 
crucial problems are sand and salt-much the same as 
in the valley but on a maximized scale. The encroach- 
ing sand dunes as well as blown sands from the north 
are met by wind screens of palm groves and long- 
rooted shrubs, especially along the northern margins of 
the oasis. Well pits, canals and even settlements are 
frequently buried. In Kharga, every few years some 
houses have to be relocated in a more southernly 
position [il. Salinization is induced by excessive tempe- 
rature, by overwatering and the absence of adequate 
drainage. The lower parts of the depression are espe- 
cially affected and salt efflorescences steadily accu- 
mulate; because it is easy to sink the wells here it is 
the part most often selected. Such areas soon become 
malarial and derelict, and need surface drains for 
reclamation. Pump drainage from the low-lying parts 
on to the higher fringes, where palms could then be 
grown, is advocated. Heat and evaporation are 
again enemies of water supply, hence the value of 
ancient underground aqueducts and foggaras-now 

better replaced by less costly and more durable 
pipes [69]. This also explains the universal palm-the 
oasis ‘umbrella’-which, as is sometimes said, 
truly makes it the ‘forest of the desert’. 
Water economy is reflected in legislation. Contrary 

to usage in the valley where there is no ‘water tax’, 
land here is State-owned and water is the most 
cherished individual property, alienable, to be hired 
and can be hypothecated-all independent of land 
and of standing crop [9, p. 2021. Most existing wells 
are a revivification of some ancient Roman wells 
rather than entirely new ones. Overpumping in the 
lower-lying tracts of the depression leads to depletion 
of wells in the higher parts-a source of much bitter 
friction. Contrary to the riparian situation in the 
valley, here it is the lower altitude that can endanger 
the water interests of the higher. The over-all 
inadequacy of the water supply in the oasis has, 
however, occasioned an exodus to the valley and 
consequently much land has been abandoned. 

The deserts 

Apart from the littoral margin and the oases, the 
Libyan Desert itself is unproductive (category 9). 
It is perhaps the most desolate part of the Sahara. 
On the other hand, thanks to a high, rugged surface 
and a solid impervious structure, the Eastern Desert 
experiences a modicum of rain-mostly of the torren- 
tial, downpour type. The deeply incised wadis there- 
fore afford some poor grazing to the nomadic tribes 
which range over southern Sinai and the Eastern 
Desert essentially south of Wadi Kena [lo; 16, p. 781. 
These stretches belong thus to category 6a-9. 

A BTOTECHNIC ERA OF LAND USE? 

As an epilogue to the history of Egyptian land use, an 
outline of possible future trends is only an extra- 
polation of past lessons and present problems and 
experience. 
The real challenge to Egyptian land use is to devise a 

system whereby the economic eiñciency of perennial 
irrigation shall be married to the organic soundness 
of basin irrigation. The universalization of the triennial 
crop rotation has been evoked by many as the only 
answer. However, already Egypt has demogra- 
phically and culturally reached the point of no return 
to a lowered productivity. The triennial rotation would 
reduce the area of cotton from one-half to one-third, 
thus allowing soil more repose and cereals an increased 
acreage. But these gains fall short of offsetting the 
serious cash loss entailed in the curtailment of cotton 
cultivation [3, p. 5221. Others envisage the day when 
fallow periods might be imposed by legislation [Zl, 
p. 2411. It has also been suggested to inundate the 
land periodically or to trap, at the fringes of the delta, 
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the silt wasted in the sea in order to create rich, 
new land [Zl, p. 2441. 
The major problem, however, has remained the 

inadequate use of the river water. The pronounced 
variability of the total river supply has resulted in a 
similar variability of agricultural output-parti- 
cularly of rice. It is estimated that agricultural 
production in Egypt fluctuates within 10 units either 
side around its index figure of 100. While the average 
annual discharge of the river at Aswan is roughly 
82 milliard m.3, the maximum recorded reached as 
much as 129 milliard m.3 (1879) and the minimum 
was barely 44 milliard m.3 (1913). Again two-thirds of 
the total discharge goes to waste in the sea during 
the flood seasons [21, p. 2431. Hence the paradox of a 
‘water famine ’ in Egypt. Moreover, its régime renders 
the river particularly parsimonious at the ‘critical 
period’ of the low-stage, as the monthly rainfall 
equivalents (in inches) reveal [26, p, 211 : 

5.8 4.4 4.0 3.6 4.1 5.1 8.8 33.0 39.0 28.4 14.1 7.7 

Thus while the present requirements are 52 mil- 
liard m.3, 22 milliard m.3 are needed during the critical 
period, but the total stored then available is barely 
7.5 milliard m.3. With the increasing water needs 
of Sudan for the proposed Roseires reservoir and the 
Manage1 extension of the Gezira, these supplies could 
no longer guarantee the filling of the Upper Egypt 
basins or the full functioning of the Aswan 
Dam. 
The recent launching of the High D a m  [8] project 

has therefore been most opportune. The most colossal 
d a m  of its type in the world, it will stand 6 km. 
upstream of the Aswan D a m  and will hold up water 
at a height of 180 m. above sea level. The storage 
capacity will be 130 milliard mS3. While the Aswan 
D a m  annually stored only a fraction of the flood 
water, the High D a m  will perennially store the whole 
river supply, i.e., the so-called ‘ century storage’. 
This would mean the maximum of river control: 
not a drop will reach the sea as waste. Nor will there 
be a Nile ‘flood’ any longer; the tamed river will 
simply become a huge feeder canal. On the other hand, 
the silt load will be reduced-a miniature higher 
delta should begin to develop upstream of the dam. 
That the dam will revolutionize the physical and 
human landscape aß never before in the history of 
Egypt is only too obvious. It will provide ample 
waters for all the agricultural needs of Egypt, as 
well as for 2 million feddans of agricultural expansion, 
including the conversion of 700,000 feddans from 
basin to perennial irrigation with an estimated 30 per 
cent net increase in productivity. It will likewise 
annually guarantee a minimum rice area of 700,000 fed- 
dans. Through the related hydro-electric projects, 
agriculture will benefit from the home-produced 
chemical fertilizers and from an improved drainage- 

Jan. Feb. Mar. Apr. May June Jiily Aug. Sept. Oct. Nov. Dec. 

the latter increasing general productivity by nearly 
20 per ccni. 
The final removal of water as the endemic limiting 

factor of Egyptian land use will enable the realization 
of such vital principles as maximum use, optimum 
and multiple use [74] and is likely to have far-reaching 
effects on the traditional structure of land use in 
Egypt.. This may well prove the beginning of a new 
era in the history of our land use-the ‘biotechnic’ 
period. Three aspects may be briefly treated here: 
horizontal expansion, vertical expansion and re- 
patterning the land use complex. 
The forecast of Willcocks in 1902 that ‘ fifty years 

hence the word Berari . . . will have died out of 
Egypt’ [83, p. 7-81 has proved mere wishful thinking. 
Owing to lack of water and to sociological factors 
(land tenure, inertia, etc.), only a few thousand 
feddans on average have annually been reclaimed 
since the thirties.l This situation will be radically 
altered after the completion of the High Dam. It is 
also proposed to reclaim half the total area of the 
northern lakes or nearly 0.3 million feddans leaving 
the other half for fisheries. Since it is estimated 
that the cultivable area within the valley is 7.6 million 
feddans, this would bring up the total cultivable 
to 7.9 million feddarm2 The only shrinkage of area 
due to the dam will be the tail end of the valley in 
Nubia; it will be truncated for good as part of the 
resultant artificial lake that will extend 500 km. 
upstream of the dam. 

Extension of agriculture along the desert margins 
of the valley should also be feasible. Cheap power 
should make lift irrigation an easy proposition and 
it is estimated that a 20-m. lift would add some 
2.1 million feddans to the cultivable area, while a 
40-m. lift would increase this to 4.5 million.3 This, 
however, would naturally mean increasingly marginal 
conditions and output. Outside the valley proper, 
reclamation in the oases, based on a fuller use of their 
subterranean water supplies and along the north 
littoral afford further possibilities for expansion of 
agriculLure and grazing respectively. The realization 
of these schemes would be nothing else than a 
human thrust-a robust, modern case of the old 
phenomenon of ‘marginal vibrancy’ observed earlier. 

Other measures for maximum use and horizontal 
expansion can also be explored. It is perhaps too late 
to save valuable agricultural land from suburbanism, 
particularly metropolitan suburbanism. But sound 
town-planning in the future could conserve much 
land that is now a potential prey to the erosive forces 
of suburbanism. Resiting in the case of marginal 
settlements might be possible [19]. The substitution, 
where soil structure allows, of covered €or open 

1. TJic State Domains Department, Cairo, Ministry of Finance, 1949, p. IC-19 

2. Report of iJro Pcrmuneni Coiincil for the Drrvdopiprnerrt of National Production, 

3. Ibiù. 

(in Arabio). 

Cairo, 1955. 
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drains can be very valuable. Finally, al~hough burial 
habits in Egypt are adapted to soil structure, being 
mostly communal on the black land and individual 
on the marginal sands [70], there are cases where 
the dead chase the living off valuable land and 
there is generally a need for greater economy. Modern 
Egypt cannot afford to be less wise than ancient 
Egypt where the rule was rigidly chemi: the black 
land for the living, sand for the dead [64, p. 561. 
As to vertical expansion, it is evident that, in 

small-sized Egypt, it is quality rather than quan- 
tity that. matters in the final analysis [83, p. 151. 
Despite the present high norms of fertilizers, the 
availability of cheap home-produced fertilizers will 
go a long way to counteract overcropping and the 
effect of the reduced silt coating. Improved techniques 
and selected strains can give greater average yields. 
In this respect the remark of Professor Stamp, that 
it is a contradiction to refer popularly to the poorer 
backward states as ‘underdeveloped’ while they make 
a more intensive use of their lands than do many 
western countries [75, p. 811, may no1 apply particularly 
to Egyptian agriculture, for there is much scope for a 
more efficient and intensive use. Regional planning of 
crops and land use can also be effectively explored. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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T o  realize optimum use, the quesLion of breaking up 
the traditional pattern of the fellah’s farming is difficult 
but should be no deterrent [36, p. 1561. T w o  lines 
of development are often quoted-truck-farming and 
animal production. Some imaginative planners would 
envisage an Egypt turning into a California of Europe. 
They urge that at least some 200,000 feddans should 
be diverted from cotton and wheat io produce fresh 
fruit and vegetables for the European market, espe- 
cially in winter (primeurs) [$3, p. 711. Thanks to 
the High D a m ,  truck farming could expand without 
cotton or wheat having necessarily LO shrink. As to 
developing the animal wealth of the country, some 
recommend a minor repetition of the bold shift by 
Denmark from grain to livestock production [71], 
especially because the potentialities of the Berari are 
not so much in farming as in animal production. 
This would mean more land under bersim, therefore 
the whole system of crop allocation is bound to 
be considerably inff uenced. The criticism levelled 
against bersim and maize in Egyptian land use 
should not be overlooked. Diversification and the 
introduction of new crops (e.g., soya beans, beetroot, 
medicinal plants, etc. [45, p. 45 et seq.] may make for 
optimum and multiple use. 
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INTRODUCTION 

For the purpose of this study the arid zone of India 
and Pakistan has been defined by the isoline of 
4 0  moisture index-an index calculated on the basis 
of Thornthwaite’s formula. This zone is bounded 
on the east by the Aravalli Hills and extends, on the 
west, to the western border of West Pakistan. On 
the south, the desert reaches the coast, whereas on 
the north it runs through the southern part of the 
Punjab. In all, it covers a vast area of nearly 300,000 
square miles with about 24 million inhabitants. 
Thus, while covering nearly one-fifth of the total 
area of the Indian subcontinent, the arid zone supports 
only one-eighteenth of the population of India and 
Pakistan together. The average density of population 
in the whole zone is about 80 persons per square mile. 
However, there are great intraregional variations 
in the actual density. It is as low as 4 in parts of 
Baluchistan and 6 in Jaisalmer and as high as 95 in 
Sind. The average density in the dry area of Rajas- 
than west of the Aravallis is 61 persons per square 
mile. 
The object of this study is to make an evaluation 

of the physical resource base and the agricultural 
land use in the arid zone of India and Pakistan from 
the earliest times. It will bear emphasis that the 
value of the physical resource base changes from 
time to time according to the capabilities of man 
to make use of these resources. 
In the making of such an historical study numerous 

difficulties have been experienced. The information 
available on agricultural land use and climatic 
conditions in the past is both irregular and meagre 
and there are many gaps. In the circumstances it 
becomes very hazardous to attempt to reconstruct the 
past. Even the data for the modern period are far 
from satisfactory. There are many areas within 
the dry zone which were formerly native princely 
states in which no systematic attempt was ever 

made to collect statistical information. Furthermore 
the boundaries of the administrative units have 
changed considerably in the last decade thus making 
the earlier figures non-comparable with those of the 
present. Comparable agricultural data for the dry 
areas in India and Pakistan for a longer period are 
not available. In addition, maps showing district 
and tahsil boundaries for the entire zone do not 
exist so that it becomes impossible to prepare detailed 
distribution maps to serve as the basis of a detailed 
regional analysis. 

T o  make a precise assessment of the economic 
potentialities of the zone, sample surveys of various 
types are urgently needed. The subjects of study 
in such sample surveys should include land forms, 
soils, underground water, climatic elements, agri- 
cultural land use, yields, mineral resources, industrial 
potential and population and their characteristics, etc. 
It must be emphasized that such work cannot fall 
entirely within the scope of one field. Instead, it has 
to be interdisciplinary and teams of workers should 
be available from each field of study. 

GEOLOGY AND LAND FORMS 

The subconiinent of India and Pakistan may be 
divided into three broad geological regions : the stable 
block of peninsular India; the young folded Himalayas 
with their eastern and western continuing ranges; 
and the intervening Indo-Gangetic plain. In the arid 
zone of India and Pakistan all the three divisions 
are represented. Western Rajasthan which has 
resisted all orogenic forces during later geological 
periods is a representative of the peninsular block; 
Suleman, Kirthar and Mekran ranges represent the 
young fold mountains; and the third division is 
represented by the Indus Plain. It is noteworthy, 
however, that whereas western Rajasthan has, on the 
one hand, resisted the orogenic forces like the Deccan 
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Plateau, it has, on the other hand, been subjected 
to Mesozoic and Early Tertiary marine transgressions 
as were the extrapeninsular areas. The Baluchistan 
hills are formed of folded Tertiary rocks. The Indus 
Plain is built up of the alluvial deposits of the rivers 
of the Indus system. In the west the boundary of 
the Indus Plain is sharply defined by the Suleman 
and Kirthar ranges. In the east, on the other hand, 
the plain imperceptibly merges into western Rajas- 
than. 

GEOLOGICAL HISTORY 

The Indus Plain which forms a downwarp has domi- 
nated the palaeogeography of the arid zone from 
Mesozoic times onwards. The sag which it occupies 
is the final position of a trough which oscillated east 
and west from Mesozoic times as is indicated by marine 
transgressions. The varying positions of the marine 
transgressions have been depicted by Dr. K. Jacob 
in five maps. The following paragraphs give a brief 
account of the geological history of the area since 
Archaean times. 

by three types of rock observed in Rajasthan: 
Bundelkhand gneiss, the Aravalli series and the Raialo 
series. The Bundelkhand gneiss is a very old rock and 
forms the uneven floor on which the Aravallis were 
laid down by mature streams. The Aravallis are over- 
laid by the Raialo series which were deposited in the 
eroded channels of the Aravallis. The Raialo series 
is related in point of time to the Eparchaean quies- 
cence during which the Raialos suffered prolonged 
erosion. 
After the Eparchaean interval the Aravalli gcosyn- 

clinal basin seemed to have deepened and in it were 
laid down the Delhi system by torrential streams as 
is indicated by the vast quantity of conglomerate 
and sand with impure calcareous sediments. The 
Aravalli Range was upheaved by orogenic forces 
in pre-Vindhyan times, and thereafter the Vindhyan 
sediments were deposited on either side of it. The 
Vindhyan rocks arc nearly three hundred feet thick 
in western Rajasthan [lo, p. 1041.l The geological 
history of Rajastban is obscure from Vindhyan times 
to Middle Carboniferous times and it is not known 
for certain whether the Aravalli Range underwent 
peneplanation or was slowly upheaved. 
At the close of the Carboniferous period the Ara- 

valli Range was occupied by an ice sheet which 
stretched as far north as the Salt Range via Bap 
[lo, p. 1051. Boulder beds are found in the Salt Range 
with boulders whose sourcc was undoubtedly Rajpu- 
tana in part [13, p. 2771. During Permo-Carboni- 
ferous times a large sea covered the Himalayan area, 
Salt Range, Balucbistan and Sind, and an arm of sea 
stretched from the Punjab area, through Cutch into 

The Archaean period is represented 

the Narhada Valley. It is difficult howevcr to know 
the exact. boundaries and shape of the Permo-carbo- 
nifcrous sea. 
The early Mesozoic period in Rajasthan is marked 

by earth movements which created the great Boun- 
dary Fault and rejuvenated the Aravalli mountains. 
InformaLion about the Triassic period in western 
Rajasthan is very scanty and in Cutch the eruption 
of the Deccan lavas has covered much of the geology 
and it is not known whether there are Triassic rocks 
under the richly developed Jurassics. In the Jurassic 
period western Rajasthan was peneplained and was 
invaded by the sea. The presence of marine Jurassic 
roclrs in Cutch and Kathiawar, western Rajasthan 
and Baluchistan gives clear evidence that in Jurassic 
times most of the present arid zone was under the 
sea. The estuarine facies of the Umia plant beds of 
Cutch, Idar and Barmer indicate that the sea regressed 
from western Rajasthan in early Cretaceous times 
but that Baluehistan was still under water. The 
Umia plant beds are overlaid by marine sediments 
from which it may be inferred that the sea trans- 
gressed again in middle Cretaceous times. A sea 
connexion was established between the arm of the 
Tethys and the Narbada Valley across the north 
of Kathiawar viaBaluchistan during Upper Cretaceous 
times. Cretaceous marine transgression was followed 
by a huge outpouring of Deccan lava which continued 
into the early Tertiary. 
The Eocene period in the arid zone of India and 

Pakistan is marked by an extensive marine trans- 
gression which covered Sind, Baluchistan, south- 
western Pnnjab and western Rajasthan. The 
widespread Eocene transgression was apparently 
connected with the final large-scale foundering of 
Gondwanaland [lo, p. 1111. 
During the Oligocene and Miocene periods a eonti- 

nuous downwarp took place in front of the Himalayas 
and the Suleman and Kirthar ranges owing to com- 
pression [13, p. 231, while the sea withdrew from 
western Rajasthan into the foredeep. An arm of the 
sea may have extended into the Indus and Luni 
valleys. Oligocene-Miocene calcareous rocks deve- 
loped in Sind and Baluchistan are found on the 
eastern side of the Eocene beds and it may be inferred 
that the sea regressed toward the east of Suleman 
and Kirthar ranges. 
In the Pliocene period the sea withdrew into a 

narrow channel occupying the Indus and Luni 
valleys. The Manchher and Mekran series deposited 
in estuarine to marine conditions indicate that the 
sea was becoming shallow in Baluehistan. In Pleis- 
tocene times the sea extended through the Rann of 
Cutch into the Indus, Saraswati and Luni valleys. 
Sedimentation has continued in the Indus basin 
from the Pleistocene to the present day but it is 

1. Thc figures in brockets refer tu the bibliography ut ihe end of the cliupter. 
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not known when the foredecp actually became 
dry land. 

REGIONAL GEOLOGY A N D  L A N D  F O R M S  

As a result of this geological history in the arid zone 
of India and Pakistan Archaean rocks occur mostly 
in Rajasthan; Mesozoic rocks are exposed in a few 
patches in western Rajasthan and in the central 
axes of the Suleman and Kirthar ranges; Tertiary 
rocks are well exhibited in the mountain ranges of 
Baluchistan, as well as being exposed in a few patches 
in Rajasthan near Jaisalmer. All the Indus Valley 
and considerable parts of western Rajasthan are 
covered with recent deposits. 
As there is a very intimate causal relationship 

between relief and geological structure, the land 
forms of the three main geological divisions mentioned 
above are in extreme contrast. The youthful relief 
of the folded Baluchistan hills discloses a compli- 
cated picture of anticlines and synclines. The Indus 
Plain with flat and featureless aggradational surfaces 
contrasts sharply both with the Baluchistan hills 
and western Rajasthan with its peneplained surfaces. 

Western Rajasthan 

Western Rajasthan, delimited by the Aravalli 
Range on the east, forms the norlh-western part of 
the stable block of the Deccan Peninsula. Its under- 
lying geology is complex but most of western Rajas- 
than is covered by sand which has concealed the solid 
geology of this arca. The Aeolian deposits belong to 
Pleistocene and recent times. Wadia thinks that the 
sand in Rajasthan originated from long continued 
aridity, with sand-drifting caused by the south- 
west monsoons which blow with considerable force 
the material derived from atmospheric weathering 
of rocky outcrops. The sand consists predominantly 
of quartz with grains of felspar and hornblende which 
are uniformly rounded by attrition. [30, p. 3951. 
In its land forms western Rajasthan is mostly 

a sand-covered peneplain in which rocky outcrops 
appear locally through the sand. The most striking 
topographic feature is the Aravalli Range which 
extends from the northern Gujarat Plain north- 
eastward to Delhi over a distance of 400 miles. The 
Aravalli Range boldly defines the eastern limit of the 
sand-covered Thar. Probably the range has acted as a 
great check to the advancement of the sand into 
Central India and the Ganges Valley, and it is note- 
worthy that, wherever there are gaps in the range, 
sand has advanced to the east of it. In the heart 
of the sand-covered area, the bare dune-free country 
of Barmer, Jaisalmer and Bikaner presents an ano- 
maly and is a problem that warrants investigation. 
In this central dune-free area, Jurassic to Eocene 
marine deposits are exposed. 

Western Rajasthan m a y  be divided into three 
land form regions : the predominantly sand-covered 
Thar; plains with hills including the central dune- 
free country; and hills. With these interruptions the 
sand-covered Thar stretches from the irrigated Indus 
Plain on the west to the Aravalli Range on the east 
and from the southern Punjab Plain in the north 
to the Rann of Cutch in the south. It is a desolate 
country where sand is piled up into huge wind- 
blown dunes, where human settlements are few 
and agriculture extremely precarious. Three types 
of sand-dune characterize the Thar-longitudinal, 
transverse and barkhans. Longitudinal sand dunes 
which develop where the wind is strong, are confined 
to the southern part of the Thar. Their direction is 
parallel to the prevailing south-west winds. Trans- 
verse sand dunes predominate in eastern and northern 
portions of the Thar. The longitudinal axes of these 
sand dunes are transverse to the direction of thc 
prevailing south-west winds and develop where wind 
strength is less. In central Thar barkhans are deve- 
loped. On the whole, the Thar desert slopes impercep- 
tibly towards the Indus Plain and surface unevenness 
is mainly duc to sand dunes. The dunes in the south 
are higher, rising sometimes to 500 ft., whereas in the 
north they are lower and rise at the most to 50 ft. 
above the local ground. Plains with hills mainly occur 
in the north-eastern and south-eastern parts of 
western Rajasthan. In the northern section the 
Aravalli Range is broken into ridges and encloses 
plains. In this region local relief is large and the rocky 
hills rise steeply from the plain. In the south-east 
of the Thar in Jodhpur the plains are dotted with 
hills. In the south the Aravalli Range is continuous 
and forms a hilly country which culminates in Mount 
Abu rising to over 5,000 feet. All the hilly country 
is most uninviting for agriculture. 

Baluchistan 

The desolate country of Baluchistan with its arid 
basins and hills forms the western part of the arid 
zone. Three zones are recognized in the mountain 
ranges: the zone of calcareous rocks of Triassic to 
Oligocene Age is the outermost zone bordering the 
Indus Plain; the middle zone predominantly formed 
of ‘flysch’ facies of the Oligocene Age; and the lower 
zone to the west consisting of a variety of rocks rang- 
ing in age from Archaean to Tertiary [13, p. 64-65]. 
The outer zone is characterized by a succession of 

sharp anticlinal folds mostly composed of Eocene 
and Oligocene limestones, with sandy Siwalik sedi- 
ments in the intervening synclines and on the outer 
border. The middle zone with flysch’ facies rocks is 
formed of highly folded sandstones, shales and clays 
in close-set parallel ridges. The rocks of the middle 
zone are mostly of Oligocene Age, often hard and less 
subjeci to erosion, the chief exception being the friable 
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clay of the hills near the Mekran coast. The inner zone 
of Baluchistan is formed of ridges of various rocks, 
including volcanics, separated by desert basins. 
Baluchistan . is an uninviting barren and hilly 

country. The hills are rugged, sun-scorched, with 
steep narrow ridges alternating wilh valleys. The 
Suleman and Kirthar ranges rise steeply from the 
Indus Plain and clearly define the Baluchi hill country 
with steep slopes and great local relief, where level 
land is at a premium. The main mountain ranges of 
Baluchistan merge in the Quetta node : north-east 
of the node are the Toba Kakar and Suleman ranges; 
south of it radiate the Kirthar and Siahan ranges; 

towards the west arc the Chagai hills. The parallel 
mountain ranges of Baluchistan enclose valleys whose 
bottoms are covered with recent and sub-recent 
deposits of hill-wash and alluvium derived from the 
adjoining ridges. Because of the prevalence of arid 
conditions degradational forces have not been very 
active in this region. Consequently the ridges of bare 
rock occupy large parts of the whole. 

Indus Plain 

The geology of the Indus Plain is simple : it is formed 
of Pleistocene and recent. alluvial deposits in layers 

FIG. 1, Land form map of the north-western part of the Indian sub-continent. 
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FIG. 2. The groundwater basins of North-West India and 
Pakistan. (Modified from Auden [2].) 

conformable with the flat surface. The deposits vary 
considerably with some massive beds of clay and sand, 
sometimes with calcareous concretions, and silts. 
Blown-sand occupies a considerable part of the Sind 
Sagar Doab and occurs also in a narrow belt along 
the foot of the Suleman and Kirthar ranges. These 
sand deposits are loessic in origin and were deposited 
for the most part after the Pleistocene. 
The Indus Valley remained under sea up to Sub- 

Recent times and the plain originated from the unfill- 
ing of the foredeep. Geodetic surveys have revealed 
that much of the plain is underlain by concealed ridges. 
The Indus Plain slopes imperceptibly towards 

the Arabian Sea. Any unevenness of the surface is 
due to older banks and deserted channels of the rivers; 
otherwise local relief is insignificant. Empirically 
the Indus Plain can be divided into three sub-regions : 
nearly flat land of the Indus Delta; plains predo- 
minantly formed of older alluvium; and plains covered 
with loessic deposits. 
The delta is formed of new alluvium and is charac- 

terized by numerous deserted channels whilst along 
the coast are abandoned creeks and inlets. The 
greater part has long remained a waste land with a 
few patches under cultivation. However, it is now 
being brought under vast new irrigation works. The 

second sub-region of the Indus Plain includes alluvial 
plains along the valleys that are dune-free. In these 
plains older alluvium is predominant away from the 
channels in the higher doabs. Along the channels of the 
rivers there are narrow strips of floodplains which 
are subject to annual flooding. The third sub-region 
of the Indus Plain, which coincides largely with the 
Sind Sagar Doab is covered by a continuous spread 
of sand-dunes. The sand of these dunes is derived 
from the ever-renewed banks of the rivers and the 
barren hills of Baluchistan (see also Figs. 1 and 2). 

CLIMATE THROUGH THE AGES 

Climate has been subject to change since earliest 
geological times. In view of the very meagre infor- 
mation available, however, the reconstruction of 
past climates is a very difficult and hazardous task. 
A perusal of the geological records indicates alter- 
native prevalence of 'normal' and ' glacial' climates in 
the past. The glacial climate is characterized by 
frozen Polar seas and ice-capped land masses. W h e n  
the glacial climate is at its climax ice extends to 
temperate latitudes and high altitudes in the tropics. 
'Normal' climate, on the other hand, comes to prevail 
when ice disappears even from the Poles. During 
normal climates sharp zonal contrasts are absent [26, 
p. 751. 
Although there is a coincidence between crustal 

upheaval and glaciation the two do not provide an 
exclusive causal relationship. Ice caps in the higher 
latitudes were formed when there was north-south 
exchange of air-masses in the general atmospheric 
circulation. The northward thrust of a moist, mild 
air-mass, accompanied by cloud cover, is supposed to 
have created congenial conditions for ice formation. 
It is generally believed that the present arid lands 
experienced pluvial conditions during glacial periods. 
On the other hand, the periods of quiescence expe- 
rienced normal climate which was characterized 
by a rise in temperature. However, the existence of 
arid climates during 'normal' times is a controversial 
matter. It seems likely that rather mild desert condi- 
tions existed in continental interiors and that intense 
aridity was restricted to times of revolutions [26, p. 771. 
The geological record in India suggests several 

alternations of arid and pluvial conditions in pre- 
Cambrian times. In Carboniferous times a glacial 
climate prevailed over what is now the arid zone 
of Indo-Pakistan. The Aravalli Range at this time 
was occupied by an ice-sheet which extended north- 
wards to the Salt Range and the Permian period is 
characterized by Glossopteris flora which flourished 
in a warm humid climate. In the Damodar Valley 
where the best coal seams are found, climate was 
definitely humid; westwards the coal seams occur 
in cycles which were formed in humid and dry condi- 
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tions occurring alternately. It is probable that during 
the Permian period desiccalion started in the area 
under inquiry. That the Permo-Trias also experienced 
a dry climate can be inferred from the presence of 
red tints in rocks and from the remains of reptiles 

fringe of the arid zone and the two studies afford 
evidence on what might have happened in the arid 
zone itself. 
D e  Terra succeeded in correlating the river terraces 

on the Indus and Sohan with moraines of Himalayan 
and amphibians. This dry period was followedby a 
humid period and the Pitophyllum flora developed 
extensively at the close of the Gondwana period. 
During the rest of the Mesozoic period normal climatic 
conditions seem to have prevailed. 

From the Middle Miocene to the close of the Pliocene 
the climate was humid and warm. The rich Siwalik 
fauna which flourished during this time must have 
required a warm and humid climate. The Siwalik 
fauna becomes extremely meagre in the succeeding 
deposits indicating the replacement of the warm 
conditions by Pleistocene glacial climate. 

CLIMATE SINCE T H E  CLOSE OF T H E  PLIOCENE 

Study of the Pleistocene climatic changes is of vital 
significance. It is during this period that man appeared 
on the scene in the Potwar Plateau and was subjected 
to the changes of climate. The warm humid Pliocene 
climate was replaced by distinctly cooler conditions 
in the Pleistocene. The beginning of the Pleistocene 
was heralded by a lowering of temperature and, 
in consequence, the formation of ice in higher tempe- 
rate latitudes and on high mountains in the tropics. 
During Pleistocene times the Himalayas underwent 
glaciation, the effects of which are discernible from 
the glacial features. These features in Kashmir and the 
pluvial river terraces in north-western Punjab (Pakis- 
tan) provide important information with which the 
succession of Pleistocene climate can be reconstructed 
fairly well. During the Pleistocene it is generally believ- 
ed that the westerlies expanded soulhwards extending 
their influence to the arid zone. As a result of the 
extension of the westerlies the winters in the arid 
zone received more precipitation. Because of exten- 
sive glaciation over the Himalayas down to lower 
altitudes the summers in the present arid zone became 
cool and evaporation was less. Under these circums- 
tances, therefore, the possibilities are that lhe arid 
climate was much more restricted in areal extent than 
at present. The existing salt lakes of Rajasthan 
might have been formed in the Pleistocene pluvials 
when precipitation was greater than evaporation. 
T w o  important studies have been made of the 

climatic succession of the Pleistocene in the north- 
western Indian subcontinent : de Terra and Paterson 
investigated the Himalayan glaciation and deduced 
climatic conditions and associated human culture 
in Potwar and Kashmir [7]; Zeuner examined the 
Pleistocene deposits of Sabarmati and Mahi streams 
and reconstructed the climatic succession of northern 
GujaraL [33]. Both Lhe areas investigated lie on Lhe 
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glaciers. It seems clear from his correlation that when 
the ice advanced down the Himalayas, pluvial condi- 
tions were experienced in the region south of the 
Himalayas. But it is not known how far south in the 
present arid zone the pluvial conditions extended. 
Four glacial and three interglacial phases have 

been recorded from the glacial features of the north- 
western Himalayas. The glacial phases are indicated 
by moraines and till-sheets, and interglacial by the 
alluvium and sediments deposited in the lakes. D e  
Terra and Paterson on the basis of the study of allu- 
vium, river terraces, erosion of valleys and human 
culture have recognized a three-fold Pleistocene 
sequence in the Punjab (Table 1) : the Lower Pleis- 
tocene comprising the First Glacial Phase and the 
First Interglacial Phase; the Middle Pleistocene 
with its Second Glacial Phase and the Second Inter- 
glacial Phase; and the Upper Pleistocene consisting 
of the Third Glacial Phase, Third Interglacial Phase 
and the Fourth Glacial Phase. A brief summary of 
the characteristics of each phase in the sequence 
is given below. 

The Lower Pleistocene is divided into two stages 
by de Terra: Tatrot and Pinjor. The Tatrot zone 
is correlated with the First Himalayan Glacial Phase 
and the Pinjor zone with the First Interglacial 
Phase. 

First Glacial Phase (Tatrot stage). I 
over the Himalayas and a pluvial climate was estab- 
lished during this phase. Evidence of pluvial climate 
is found in the sediments of the Tatrot zone which 
are composed of coarse but soft sandstones with 
bands of conglomerate. These sediments must have 
required rapid river deposition to ñll the existing 
lowlands in the Potwar. It dent that such a 
rapid accumulation of almost ousand feet of sand 
must have involved very powerful streams and 
abundant rainfall [7, p. 2601. The sediments of the 
Tatrot zone show a total absence of chemical weather- 
ing which indicates the prevalence of a cool climate 
with glacial conditions. The palaeontological records 
found in the fossil remains of elephants, pigs, hippo- 
potamuses, bovines, turtles and crocodiles also strongly 
indicate a moist climate. 

First Interglaciul Phase. Deposits of the Pinjor 
stage are correlated by de Terra with this phase. 
The Tatrot deposits are grey whereas the Pinjor 
deposits are pink. This change of colour has been 
taken to indicate a change of climate. In this zone 
there is a rich faunal assemblage which indicates 
better climatic conditions. The glaciers are supposed 
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TABLE 1. Pleistocene sequence in Northern Punjah, Pakistan, and Kashmir (according to de Terra and Paterson [?I) 
Northern Punjab (Pakistan) Kashmir 

Stratigraphic units 
Deposito Stone Age Culiurc Climate Glacial sequence 

Chalcolithic 
Mohanjodaro 

Post- Post-glacial silt Neolithic 
Pleistocene Deposition: Terrace 5 

Proto-Neolithic 
Sukkur, Rohi 

Uchali in Potwar Present Post-glacial 
conditions ice advance 

Chitta industry 
Microlithic 
industry 

Pink clay, sand 

Deposition: Terrace 4 
~ and gravel 

Redeposited Potwar silt 
Upper Second loess 

Potwar loess 
Potwar basal gravel 

Pleistocene Erosion: Terrace 3 

Pathan Evolved 
Pindi Sohan 
Dhak Gheb I 

Late Sohan B 

Deposition: Terrace 2 Late Late Sohan A 
Acheuleam 

Cool Fourth Glacial 
temperate Phase 
pluvial 

Interpluvial Third Intergla- 

Cool Third Glacial 
temperate; Phase 
pluvial 

cial Phase 

Redeposited Boulder Abbevillio-Early Sohan Interpluvial; Second Intergla- 
Conglomerate Aeheulean long dry period cia1 Phase 

Middle Erosion: Terrace 1 Hand axe; chopper flakes 
Pleistocene Boulder Conglomerate Pre-Sohan Torrential rains; Second Glacial 

zone, fans and terraces; Worked Bakes pluvial Phase 
gravel with erratics Pre-Abbevillian 

Pinjor zone Warm tempe- First Interglacial 
Pink silt, sand and rate; Phase 
concretionary clay ? Interpluvial 
Tatrot zone Cool temperate; First Glacial 
Grey Conglomerate chemical wea- Phase 
sand and silt ? thering absent; 

Lower 
Pleistocene 

pluvial 

to have retreated thus making the climate warm. 
The Pinjor deposits, like Karewas of Kashmir, 
contain loessic material which must have required 
a climate in which a part of the year was dry. It is 
possible that the monsoonal climate may have been 
established during this phase. There were fluctuations 
of climate; dry periods alternated with rain, as 
is in&cated by wind-blown sand and fluviatile silt 
in the Pinjor zone. 

Second Glacial Phase. This phase corresponds with 
the Boulder Conglomerate zone. Intensive pluvial 
conditions were established in the Punjab plains 
during this phase. It is associated with widespread 
fan formation in the foothill plains with thick deposits 

of Boulder Conglomerate which must have required 
heavy rainfall. The Potwar landscape was dominated 
by wide Aood plains. The plains were sufficiently 
covered with vegetalion to provide abundant grazing 
grounds for elephants, horses and buffaloes. All 
evidence tends to indicate that during this phase 
the climate was moist and cool. It was favourable 
for early m a n  in Potwar, but in Kashmir it was too 
cold for him. 

Second Interglacial Plcase. This phase is correlated 
with Terrace I which is cut into the tilted Boulder 
Conglomerate zone. In this terrace early Palaeolithic 
implements are found which de Terra and Paterson 
named the Sohan culture. It is the only archaeological 
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record and on this basis de Terra believes the climate 
was relatively dry and warm during this phase. 

Third Glacial Phase. This phase is represented by 
Terrace 2 which is aggradational in origin and con- 
tains two stratigraphic horizons : basal gravel; 
and the overlying Potwar loess. The third glaciation 
was weak compared with the first and second. As a 
result the climate was less pluvial during the third 
glaciation. Basal gravel was deposited in humid 
conditions as is substantiated by the presence of 
abundant fossil remains. The fossil remains in the 
Potwar loess, on the other hand, are meagre and 
consist of such animals as horses, bisons, camels and 
wolves. It is probable that when the loess was formed 
in this period the climate was becoming drier. But vege- 
tation must still have been sufficient in the Punjab 
plains on which the animals roamed for ‘Palaeolithic 
man would hardly have left so abundant records of 
his manual skill unless hunting gave him an initiative 
for the manufacture of tools and weapons whereby 
he secured his maintenance ’ [7, p. 2301. 

Third Interglacial Phase. Terrace 3 in Potwar is 
correlated with this period. Over the Himalayas the 
glaciers retreated during this phase and Potwar expe- 
rienced a long erosion. The climate became warm and 
dry as is indicated by the presence of Aeolian deposits 
in Terrace 3. 

Fourth Glacial Phase. This phase in the Potwar is 
represented by Terrace 4. Its advance over the 
Himalayas was the feeblest of all the Pleistocene ice 
advances. During this phase ice remained at 11,000 ft. 
Because of the very feeble nature of this glacial phase, 
the climate could not have been as moist and cool as 
in the earlier glacial phases. Instead it was rather 
dry and warm. The varying stages of terminal mo- 
raines and snouts indicate fluctuations in climatic 
Conditions. During this period dry conditions must 
have spread over wider areas as compared with 
earlier glacial phases. 

PostgZaciaZ Ice Aduanee. Terrace 5 in Potwar is corre- 
lated with a postglacial ice advance. This terrace 
is aggradational in origin, and is formed of silt. 
Climate during this period was warmer and drier 
than the Fourth Glacial Phase but was less dry 
than the interglacial phases. The recession of glaciers 
during the postglacial period over the Himalayas 
points towards increasing aridity. The marks of 
recession-terraces, due to aridity, in the highland 
glacial lakes of Ladakh and western Tibet also indi- 
cate increasing desiccation. 

Out of the four glacial phases of the Himalayas, 
the first and second were intensive, the third and 
fourth being feebler. The progressive decline in the 

intensity of the glacial phases tends to indicate that 
the climate, on the whole, has foilowed a trend toward 
drier and drier conditions in the north-western part of 
the Indian subcontinent. 
The climatic succession of northern Guj arat has 

been reconstructed by Zeuner [34] on the basis of his 
findings in his investigation of the deposits in the 
valleys of Sabarmati and Mahi streams. The deposits 
investigated lie over the Deccan Trap. Zeuner has 
divided the deposits into eleven phases and he infers 
the climatic sequence from the nature of the deposits. 
His results may be summarized as follows : 
(P) Lateritic Phase. During this phase lateritic 
crusts were formed and allitic weathering was 
also present. This supports the contention that 
the climate was more humid than now, because 
laterite formation must have required humid 
conditions. The Lateritic phase may in time be 
correlated with the first glacial advance over the 
Himalayas because during this very period pluvial 
conditions prevailed in northern Gujarat. 

(Q) Lateritic deposits are succeeded by deposits 
of mottled clay in river basins. The absence of 
laterite postulates a drier climate. 

(R) Phase of Cemented Gravel, Coarse pebbles 
deposited in sheets by the rivers dominate this 
phase. This evidence tends to indicate that preci- 
pitation was heavier than at present and seasonal 
floods were common. 

(S) Silt Phase. Continued deposition of sand and silt 
during this phase raised the beds of rivers. Appa- 
rently there was a decrease in run-off and the 
climate was relatively drier. 

(T) Red Soil Phase. A flat surface was formed due to 
continued aggradation. Over the newly formed 
surface red soil was developed which suggests 
that the climate was more humid than that of the 
(S) Silt Phase but the lack of laterite indicates 
that climate during this phase was less humid 
than during the Lateritic Phase. 

(U) Main Dry Phase. Once again aggradation took 
place and rivers raised their beds by deposition 
of silt. In the beginning of this phase wind-blown 
sand derived from the dry surface was deposited 
away from the rivers. In the later part of the phase 
aeolian deposits gradually dominated the river 
deposits. From these evidences it seems as if the 
climate during this phase gradually became dry 
and finally culminated in an arid period. 

(V) After the Main Dry Phase (U) Zeuner thinks 
that climatic conditions were getting humid. 
Zeuner draws his evidence from the Mahi stream 
where the soils are supposed to have been formed 
under humid conditions. 
(W) Dune Phase. During this phase the climate was 
dry and favoured the formation of dunes. The 
dunes were deposited over the surface of (V) phase. 

(X) Pre-Pottery Microlithic Phase. Soil was formed 
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over the dunes of (W) phase. Active soil formation 
indicates the existence of humid climate. 

(Y) Latest Dry Phase. Climate during this period 
became drier. Aeolian deposits dominated the 
landscape. Zeuner thinks that the arid conditions 
were due either to decreasing rainfall or to the 
destruction of natural vegetation by man. 

(Z) Modern Phase. Climate of this period was humid 
as is indicated by soil formation; it resembled 
that of (X) phase. 

The above analysis of the climatic succ,ession in north- 
ern Gujarat reveals alternating phases of damper 
and drier conditions but on the whole suggests a trend 
towards drier and drier conditions as one approaches 
the present day. [34, p. 24.1 It is interesting that 
though the works of de Terra and Zeuner were on dif- 
ferent areas and were based upon different approaches, 
the conclusions of both the authors regarding the 
trends of climate are similar. 
Of all the phases discussed above only the Lateritic 

Phase (P) had humid climate with heavier rainfall 
than the present. ‘It is the only period which could 
legitimately be called pluvial, although it too must 
have had a dry season.’ 134, p. 24.1 In the Himalayas 
also the First Glacial Phase was the most intensive 
during which glaciers descended below 6,000 ft. 
The Lateritic Phase (P) of Sabarmati might be related 
to the Himalayan First Glacial Phase when, because 
of the intensity of glaciation, the belt of cyclonic 
storms of the westerlies is supposed to have been 
pushed southwards. Thus as a result of the prevalence 
of the westerly winds over the present arid zone 
conditions are believed to have become humid. 
Subsequent glaciations became feebler and feebler 
and as a consequence the westerlies again retreated 
northwards so as to occupy only the northern part 
of the arid zone. The southern part of the arid zone 
thus deprived of the influence of westerlies attained 
dry conditions. 

CLIMATE DURING PREHISTORIC TIMES 

Evidence which indicates climatic conditions during 
prehistoric times in the Indus Valley and Baluchistan 
is conflicting and highly controversial. A great 
civilization developed in the Indus and Saraswati 
valleys, and in Baluchistan agriculKura1 villages 
flourished. At present, both of these areas are arid; 
bare, desolate and arid, the Baluchistan hills now 
support a meagre agriculture with nomadic herding 
as the dominant occupation. Numerous high mounds 
of Chalcolithic settlements in the Baluchistan hills 
reveal a different environment during prehistoric 
times. It is thought that the agricultural conditions 
were stable and the settlements permanent during 
that period. The ‘relatively stable’ conditions have 
been taken to imply a moister climate with fairIy 

reliable rainfall and flourishing agriculture. In Balu- 
chistan several ruined stone-dams locally called 
gabarbands are found near many Chalcolithic sites, 
These dams indicate that the rainfall was sufficient 
to store water but, on the other hand, it must have 
been sufficiently precarious and seasonal to necessi- 
tate controlled storage and irrigation. Thus the 
evidence in Baluchistan indicates that during prehis- 
toric times rainfall was somewhat more than at 
present. 
W h e n  we consider the evidence of climatic condi- 

tions in the Indus Valley difficulties accumulate. 
There are some indications of the prevalence of humid 
conditions whereas others suggest dry conditions. 
It is often pointed out that millions of kiln-burnt 
bricks were used in the construction of houses in 
Mohanjodaro, Harappa and Sutkagendor which 
must have required an enormous amount of wood for 
fuel; on this basis it is conjectured that abundant 
forests flourished in the Indus VaUey and that the 
climate was humid. But the available evidence is not 
conclusive; kiln-burnt bricks are used only in those 
sites which were accessible to the rivers. Wood 
might have been floated down the rivers from the 
Himalayan forests to the sites. The sites which were 
away from the rivers had houses only of sun-dried 
bricks or local stones. It is likely that in Chalco- 
lithic times the Indus Valley lacked forests. It is 
also pointed out that kiln-burnt bricks were used for 
durability of buildings in the moist climate of those 
times. But what about the durability of the houses of 
those sites which did not use kiln-burnt bricks at 
all? It is suggested, therefore, that use of kiln-burnt 
bricks may have been only a cultural advancement. 
An elaborate system of drains was developed in 

Harappa-culture cities; it is argued that the drainage 
system must have been constructed because of in- 
creased rainfall. Representation of animals-tiger, 
rhinoceros, buffalo, elephant, etc.-on Harappa seals, 
supported by evidence of actual remains of bones 
discovered, indicate that in the Chalcolithio period 
these marsh or forest animals were present. The exis- 
tence of these animals from a more humid climate 
indicates that the climate was moist. Absence of 
camels also supports the same point. 
The Indus civilization was characterized by large 

cities. These cities must have required a considerable 
agricultural population with surplus production 
accruing from a highly developed agriculture. It is 
argued that such a prosperous agriculture must 
bave required a more dependable and increased 
rainfall than that of the present. However, this 
evidence is not decisive : agriculture could have 
depended on irrigation in Chalcolithic times [21]. 
No traces of the irrigation system are found now, 
although it is possible they were obliterated by recent 
sedimentation. Development of cities in the Indus 
civilization was probably due to large-scale irrigation 
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which was also necessary for agricullure in the dry 
climate. Large-scale irrigation works must have re- 
quired, for their control and management, some sort 
of government agencies, and they must also have 
needed protcetivc works to check the damage by 
floods. Such a complex irrigation system must have 
necessitated a large non-agricultural population 
living in eeiitral places or 'urban centres'. The 
growth of cities in the Indus Valley has, therefore, 
been intimately related to the development of an 
extensive irrigation system. This type of civilization 
has been termed hydraulic by Wittfogel [33]. The 
broken terrain in Baluchistan did not permit the 
development of large-scale irrigation works. Thus, 
due to the hanclicap of environment only small scale 
dam-irrigation developed there during prehistoric 
times. This system of irrigation was handled locally 
by small groups of the agricultural population. 
It is recognized by many that the prosperity of the 
Indus civilization was dependent on irrigation and 
not so much on rainfall. 

The roofs of houses in Harappa and Mohanjodaro 
were flat and were covered with bamboo and rush 
matting coated with mud and earth to form solid 
and waterproof layers. The flat mud roofs suggest that 
the climate was not a wet one, but it m a y  not have 
been as arid as it is today. 'A certain degree of cli- 
matic change is beyond dispute, but how far that 
change is due to natural causes and how far to sheer 
human improvidence. . . is less easy to say.' [31, p. 6.1 
Finally, the causes of deterioration of the Indus 

civilization should be sought partly in the changes 
of river courses damaging the irrigation works and 
thus the entire economy and partly in the attacks 
of the Aryans. 
It is often suggested that the small decrease in 

rainfall that has occurred since the third millennium 

PRESENT CLIMATIC CONDITIONS 1 I 

In dry climates potential evaporation exceeds preci- 
pitation during the course of the year. Several clima- 
tologists have tried to define precisely the arid climates. 
In recent years Thornthwaite [29] has evolved an 
empirical formula with the help of which arid climates 
can be delimited by the moisture index of -40. Follow- 
ing this index, Bhatia [5] delimited Lhe arid zone of 
India and Pakistan by drawing the isoline of -40 mois- 
ture index. The arid zone thus delimited includes 
Sind, Baluchistan, almost all of western Rajasthan 
(west of the Aravallis), the south-western tip of 
Punjab (Inch), south-western 'Punjab (Palustan) 
and the North-West Frontier Province excepting 
its extreme northern part (Fig. 3). 
In the Indo-Pakistan arid zone the moist monsoon 

layer, in which there is no subsidence, is normally 
confined to the lower 2 km. of the atmosphere. 
Ahove this height the air is dry and subsiding as 
elsewhere in comparable latitudes. This fact, together 
with low moisture content of the air and high tempe- 
ratures, are mainly held responsible for the aridity 
of the Indo-Pakistan arid zo The region is thus 
situated below the subtropical high pressure existing 
at an altitude of about 2 km. IL has been observed in 
July and August that over Rajasthan, Sind and 
adjoining parts of the Punjab the monsoon air extends 
only up to 1 km. but east of Bikaner and Jodhpur 
it goes to a height of 3 km. West of Bikaner and 
Jodhpur anticyclonic conditions exist in the upper 
air. This high pressure belt in the upper air suppresses 
the monsoon currents and keeps them from ascending 
beyond 2 km. Thus condensation is retarded and the 
area receives only meagre rainfall. 

B.C. is partly due either to an eastward shift of the 
south-west monsoon or to a northward shift of the" 
belt of western depressions. According to the first 
view, which is supported by Piggot [Zl], the south- 
west monsoon reached Baluchistan and the present 
arid zone received sufficient monsoonal rainfall 
during the Chalcolithic times. However, Piggot 
fails to give any reason for the subsequent eastward'" 
shift of the south-west monsoon and the consequent 
aridity of Baluchistan. The other reason advanced 
to explain the decrease in rainfall and the consequent 
desiccation of the zone suffers from similar uncer- 
tainties. Leighly, however, is inclined to accept the 15 
northward shift of the westerlies as the eause of the 
decrease in rainfall in the present arid areas in 

It is Lhought by many that climatic changes 
within the historic times have been slight, if any. 
There are hislorical evidences which tend to indicate 
that at the time of Alexander's invasion arid conditions 
existed throughout Baluchistan. 

152 

general [15]. e ,;Dfcu;;yb""' COlLREO 

FIG. 3. Arid zone of India and Pakistan. 
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The arid zone of India and Pakistan occurs, as do 
almost all the tropical deserts of the world, in the 
zone between the tropical rainy climates and the 
rainy belt of the westerlies. Only the northern and 
western parts of the arid zone receive an appreciable 
amount of rainfall from the western depressions 
which lose most of their moisture in the long journey 
from the Mediterranean. 

Climographs of various stations of this region pre- 
pared on the grid classification [8, p. 54$] depict the 
intensity of the Indian Desert. A comparison of these 
graphs reveals that complete aridity prevails in 
central Sind which is best exemplified by the climo- 
graph of Jacobabad. This station has an annual 
deficiency of more than 150 cm. As we proceed out- 
ward from thid central region the water deficiency 
decreases. Consequently there is a decrease in the 
intensity of aridity. Jodhpur in central Rajasthan 
has a water deficiency of 114 cm. The climograph 
of this station indicates semi-arid to humid conditions 
during the monsoon period. The intensity of aridity 
in other directions also decreases. Multan has a water 
deficiency of 126.6 cm. and Lahore 83.99 em. These two 
stations also experience humid conditions in the rainy 
season. In the extreme north-west and west, i.e., 
at Peshawar and Quetta, subhumid conditions are 
experienced during the months of western distur- 
bances. Temperatures are high throughout the desert 
and warm to hot conditions prevail for the most part 
of the year. 

Temperature conditions 

Winter is cool and January is the coldest month of the 
year. At some places temperature falls below freezing 
point. On the other hand, scorching, unbearable 
heat is the rule of the summer months. The hottest 
month is June when the day temperatures at many 
places are as high as 120" F. With occasional heat 
waves the day temperature exceeds even this figure. 
The rise of temperature from the coldest to the 
hottest month is not uniform over the whole of the 
desert; instead it varies from area to area within 
the arid zone. It is more or less steady over southern 
Sind and Rajasthan while in the northern tracts the 
rise is irregular. Thus in northern Sind and southern 
Punjab there is a steep rise in February and March, 
somewhat smaller in April but sudden in May. In 
southern Sind the highest temperature is reached 
in Ma y  while in the resi of the region the highest is 
in June. Temperature remains almost constant in 
M a y  and June or until the arrival of the monsoon 
winds. Owing to clear skies, bare ground and low 
humidity insolation is greatest during this season. 
The burning heat coupled with scanty water supply 
makes life very hard. 
The temperature falls slightly with the monsoon 

showers. June temperature in Jodhpur is 95.9" F. 

and drops to 89" F. in July and 85' F. in August. 
The comparable figures for Jacobabad are 99.4," F., 
96.5" F., and 93.2" F. respectively. The monsoon 
winds retreat by mid-September lowering the humi- 
dity of the atmosphere; but the insolation does not 
decrease at the same rate as the humidity. This 
results in another rise of temperature, for example : 
the temperature at Bikaner is 97" F. in August and 
98" F. in September; in Jodhpur it is 91.8" F. in 
August and 94.2" F. in September. The temperature 
again decreases from mid-October, this time steadily 
so as to reach its lowest point in the second half of 
December or the first half of January. 
Due to the clear skies and the low relative humidity 

insolation is greatest in summer so that temperatures 
tend to be very high for the latitude, resulting in a 
great annual as well as a great daily range of tempe- 
rature. Central Sind experiences an annual range of 
mean monthly temperatures of about 40" F. This 
range is, however, narrowed near the coast due to the 
onshore winds. The annual range at Karachi is only 
20" F., but proceeding to the north, the range increases 
to 40" F. at Multan and 45" F. at Jacobabad. 
The same factors-clear sky, small amount of 

water vapour and bare ground-that explain the 
receipt of maximum insolation during the day are 
responsible for the rapid loss of this energy by night 
resulting in a wide diurnal range of temperature 
which is higher than the mean annual range. As in 
the case of the annual range, the diurnal range of 
temperature is much higher in the interior areas than 
on the coast. At Karachi the daily range is 35" F., 
at Hyderabad 40" F. and at Jacobabad it is as high 
as 45" F. 

Rainfall 

The normal annual rainfall over the Indo-Pakistan 
desert nowhere exceeds 15 in. (Fig. 48). It is only 
6 in. in Sind, 10 in. in south-western Punjab and 11 in. 
in western Rajasthan. This rainfall is extremely 
seasonal and more than 90 per cent of it falls during 
the monsoon period which is also a season of high 
evaporation. The upper air anticyclonic conditions 
permit only a shallow current of the monsoon to 
penetrate the arid zone. Furthermore, they effec- 
tively check the rise of the moisture-laden winds so 
that saturation level is seldom reached and rainfall 
remains extremely low. 
The rainfall due to the Arabian Sea branch of the 

monsoon decreases considerably as it proceeds north- 
wards from the tip of the peninsula. It is very meagre 
beyond the gulf of Cambay. Ahmedabad receives 
29 in., Shuj 15 in., Nagar Parak 14 in., Karachi 7 in. 
and Sukkar only 3 in. annually. Except in the coastal 
areas of Mekran, most of the rainfall of the arid zone 
is associated with the Bay of Bengal branch of the 
monsoon. When this air enters the desert it is already 
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FIG. 4. Normal annual rainfall (in inches) of Rajasthan 
and neighbouring tracts (based on records up to 1940). 
(After Ramdas.) 

deprived of most of its moisture because of its long 
journey over the Gangetic plains. Although the 
stream is heated up and rises vertically condensation 
fails to take place because of the presence of high 
temperatures and low humidity up to a considerable 
altitude. During this season the rainfall decreases 
rapidly from east to west over the entire region. 
During the winter months the north-western 

desert area is traversed by feeble cyclones from the 
west. Quetta, on the western fringe of the desert, 
receives 1.94 in. of rainfall in January and 1.98 in. 
in February. Peshawar receives 1.44 in. in January. 
This rainfall decreases rapidly east and south-east- 
wards. Lahore and Multan have 1.04 in. and 0.37 in. 
respectively in the month of January. Jacobabad 
which is in the heart of the desert receives only 0.23 in. 
in January and 0.33 in. in February. 

The Indo-Pakistan desert is not only handicapped 
by the meagreness of rainfall but, like the other 
deserts of the world, the rainfall is also highly variable 
both in space and time. Some stations may have no 
rainfall for a whole year. In another year much more 
than the normal annual total may fall in a few hours 
in sudden downpours. The mean annual rainfall 
at Hyderabad is 7 in. but in August 1865 the rainfall 
of three consecutive days amounted to 13 in. of which 

1. 
35'10 in. occurred in one day. Doorbaji whose mean 

annual rainfall is 5 in. had 34 in. on one occasion. 
A study of rainfall at various stations in Rajasthan 
and adjacent regions reveals that the variability 
is maximum 'between years'; it is considerably higher 
'between stations ' ; but it is smaller 'between the 
days' of the rainiest month i.e., July. Charts of rain- 
fall, prepared by T. S. Govindaswamy, for Sind and 

30.west Rajasthan, show that within the rainy season 
the distribution of rainfall is highly erratic. Some 
weeks of the rainy season may experience either 
floods or severe droughts. The comparison of these 
charts further reveals that the intensity of the droughts 
varies inversely with the amount of total rainfall 
as well as the length of the rainy season, i.e., as we 
proceed from east to west in the desert region the 
amount of rainfall as also the length of the rainy 

25" season decreases. During the normal rainy season 
only 32 per cent of the weeks in Sind have normal 
rainfall. The percentage is 27 for western Rajasthan 
and 4~4 for eastern Rajasthan. The percentage of 
drought weeks in the normal rainy season is 51 in 
Sind, 53 in western Rajasthan and 37 in eastern 
Rajasthan. The percentage of flood weeks is 16, 
20 and 18 in Sind, western Rajasthan and eastern :o' Rajasthan respectively. A chart showing the percen- 
tage departure of rainfall from the normal thus makes 
it clear that the rainfall of western Rajasthan is 
extremely irregular-this is true of the entire desert 
region. In general, droughts are a rule but the floods 
are few and far between. 
Graphs of 5-year and 10-year means of rainfall of 

those stations for which the data of long periods are 
available reveal that there has been no appreciable 
upward or downward trend in the rainfall. However, 
in the case of some stations (Jodhpur, KoLah, Barmer, 
Agra and Neemuch) there has been a definite tendency 
for the rainfall to increase in recent years. It is only 
in the case of three stations (Jacobabad, Ajmer and 
Hissar) that some tendency for decrease in the rainfall 
is noticed. Lower Sind has also shown an increasing 
tendency. 

Cold season 

During the months of December and January a 
comparatively high pressure area is created over 
Kashmir and Punjab and a moderate gradient is 
established between this area and the low pressure 
area which has shifted beyond the equator in this 
season. It is this high pressure which influences the 
direction of the winds. The winds are light and variable 
on the whole, but north-westerly or northerly winds 
are most frequent. The stability of air and its dry- 
ness in the cold season are not favourable factors for 
condensation. The only chance of rainfall is from 
wave disturbances of the strong overlying westerlies, 
which sometimes produce cyclonic circulation at 
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FIG. 5. Arid zone of India and Pakistan. Winter rainfall 
(December to March). (Record up to 1940.) 

low levels over Indo-Pakistan. Their journey east- 
ward from the Mediterranean is accompanied by 
a decrease in the vapour content and any significant 
amount of rainfall is in the extreme north-western 
tip of the desert as revealed by the winter rainfall 
map (Fig. 5). From this area rainfall decreases gra- 
dually to the south. The winter rainfall over southern 
and north-western Baluchistan and most of North 
West Frontier Province ranges between 2.5 in. and 
5 in. Western Sind and Punjab receive 1-2.5 in. 
while over the rest of the desert the amount of rain- 
fall is less than 1 in. 
In Rajasthan, the relative humidity during Decem- 

ber to February is generally 50-60 per cent in mor- 
ning hours and 25-30 per cent in the evening hours. 
These values are, however, higher at those places 
where canal irrigation is provided (Sri Ganganagar 
has 78 per cent in the morning and 42 per cent in the 
evening). The humidity figures are lowest in the 
most arid tracts such as in the areas around Jaco- 
babad and Jodhpur. 
The temperature rises often to 90" F. during the 

day in January while frosts at night are common. 
Fires are lit evening and morning right up to February. 
With the approach of cold waves, which occur on 
many occasions, the night temperature goes below 
the freezing point. 

Hot season 
From January onward the sun continues its north- 
ward journey and the temperature begins to rise. 
This gradual rise of temperature breaks down the 

high pressure of Punjab and by April it entirely 
disappears and its place is taken by a low pressure 
area throughout north-western India. By May there 
is a deep low of 29.6 in. centring around Multan. At 
this time the air circulation, though feeble, is certainly 
cyclonic and the conditions are favourable for local 
thunderstorms. The winds are locally controlled but 
are generally south-west and west over most of 
Rajasthan, and they are hot and dusty except near 
the coast where a sea breeze blows during the day. 
The real hot season begins from early April, but 

March is already so warm that the rabi crop is har- 
vested at the end of this month. The rise of tempe- 
rature from January onward is very steady. Jodhpur, 
for example, records a mean monthly average of 
80' F. in February, 90" F. in March, 99" F. in April 
and 105O F. in May. A similar rise is found over most 
of Rajasthan, Punjab and northern Sind. Jacobabad, 
which has the evil reputation of being the hottest 
station in the Indian subcontinent records a mean 
daily maximum of over 110" F. The heat and glare 
of the sun reflected from the bare ground make man's 
movement in the open fields very difficult. 
Relative humidity decreases with the rise of tempe- 

rature in this season and is the lowest compared 
with the months in other seasons. If w e  exclude 
the values for June, it is in general fsom 35 to 60 per 
cent in morning hours and fsom 10 to 30 per cent 
in the evening. Jodhpur has 35 per cent in the morning 
and 11 per cent in the evening during the month 
of May. This decrease in relative humidity is attri- 
buted to the rise of air temperature which has conse- 
quently increased its vapour-halding capacity. The 
relative humidity along the coastal tracts is higher 
because of the sea breeze. 

FIG. 6. Arid zone of India and Pakistan. Monsoon rainfall 
(June to September). 
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Rainy season 

invade the Indo-Pakistan subcontinent. The monsoon 

Rajasthan by the middle of June and covers the 
whole of the desert within one month of its arrival 
in eastern Rajasthan. As this current proceeds west- 
wards it becomes more and more deficient in water 
content. Moreover, condensation of this ascending 
monsoon, as also of that coming from over the Arabian 

changes in them, is necessary for the understanding 
of the past social and economic conditions of an area 

of the people. one *hing however, be made 

and continuous evolution of any system of land 
tenure. ~ ~ ~ ~ ~ ~ d ,  different periods in the past are 

by important changes in the of the 
land. most cases such ,,hanges have been brought 
about by 

large groups of migrants 

During the month Of June where agriculture has been the main occupation 

current from the of reaches clear at the outset that there has never heen consistent 

monsoon 

and social forces. 
T~~~ after time in the 

Sea, is hampered by the hot and dry air present in 
the upper layers of the troposphere* Figure shows 
the amount Of rainfall from June to September ana 
indicates a decrease in rainfall from east to west. 
The decrease is particularly rapid west of the Aravallis. 
Jaipur receives 24 in., Bikaner 11 in., Jaisalmer 7 in. 
and Jacobabad only 4 in. annualb. A major part Of 
this rainfall occurs during the period of monsoon 
winds. For example, Jodhpur receives 0.65 in. in 

receives 10.23 in. This trend is true of the whole 
desert excepting the extreme western side where the 
winter cyclonic rainfall exceeds the monsoonal rainfall. 
The amount of rainfall over the desert is small; 

nonetheless the air is fairly humid. There is a marked 
humidity Over a period Of 

or invaders have poured into the north-western part 
of the Indian subcontinent, And every time they 
have caused important changes or modifications in the 
prevailing land tenure of the reg;on. Thus the 
of the systems of land tenure existing at present 
in the area under inquiry lie in the remote past. 
Palaeolithic m a n  seems to have inhabited Penin- 

sular India first and then to have mig+aLed to the 
Sohan valley in the punjab [16]. H~ was a hunter 

contemporary fauna and roamed about in search 
of and fruits, as far as the envrronment per- 
mitted him. H~ lived in small family groups and in 
temporary dwellings. ~i~ life was unsettled. It may 
be argued that at this stage of low human intelligence 
no sense of private landed property had developed. 

March, April and Ma?' but in the next three months and a food-gatherer. He hunted and followed the 

e in the 
h. The mean 'ehtive at Jodhpur 

to 4a per cent in June 
A significant change in man's attitude towards pro- 
perty in land occurred when he learnt the a t  of in is 30 Per cent 

and 60 per cent in July. The increase in relative 
humidity is less to the west and north-west. 
There is a slight depression in the crests of the 

curves of temperature when the rain comes: the 

agriculture and became a tiller of the soil 
and the sense of private landed property was deve- 
loped first when men settled in fixed dwellings; 
each family or a (probably the 

mean maximum 
in June and drops to 910 F. in July. This is 

at *jmer is 'Ooo F. of the family cleared a piece of the land in the vicinity 
of the dwelling and started cultivation. After long 

panied by a corresponding increase in the relative 
humidity. As the increase in relative humidity is 
leSS and leSS due west the rate Of the fall in tempe- 
rature also declines. At Quetta there is hardly any 
increase in the relative humidity from June to July, 
with the result that there is no decrease of tempe- 
rature in the month of July. Here the moist heat 
during this season is more oppressive than that of the 
hot season. 
With the retreat of the monsoon in September 

there is a fall in the relative humidity of the atmos- 

association with the cultivated fields, a of 
developed. The waste land around the 

dwellings was probably jointly claimed by the clan. 
The tendency to live in groups and so in dwellings 
grouped around a nucleus probably developed early, 
partly to 
predators and 
Settled 

in Baluchistan a 
nium B.C. ~21, 
us nothing about landed property; one can 

a joint protection of crops a 

communities were esta 
the beginning of the third millen- 
671. Archaeowcal evidence tells 

phere. The fail in relative humidity is accompanied 

The mean maximum temperature at Jaisalmer in 
August is 94' F. and in September it is 99' F. From 
October onward there is again a fall in temperature 
which gradually reaches its minimum in January. 

DEVELOPMENT OF LAND TENURE 

A study of the development of the various types of 
land tenure, and the processes which bring about 

that at &is stage each family the 
by in Thus the in fields which were cleared from the primeval jungle, 

and after long association with the cultivated land is 'lightly higher than that Of August. 
ownership fights in it grew naturally. small darns 
were constructed to impound water for irrigation, 
The individual or family which parLicipated in the 
construction and maintenance of the dams must have 
had rights in the irrigation water. 
A great civilization flourished in the Indus Valley 

during the Chalcolithic period. The Indus civili- 
zation was based on prosperous irrigatioq-agricul- 
ture. Tillers of the land probably had ownership 
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rights in the fields they cultivated. They paid a share 
of the produce as land revenue and water charges 
to the ‘Slate’. The huge granaries uncovered at 
Harappa indicate lhat land revenue was paid in 
kind [21, p. 1701. 
The Aryans conquered the Indus civilization in 

the second millennium B.C., and forcibly acquired 
the land. Ownership of the land was thus vested 
in the conquerors. The Harappa civilization was pure 
Dravidian and matriarchal [1, p. 3261. The Aryans, 
on the other hand, were patriarchal; they met the 
matriarchal societies of the Dravidians in the Punjab. 
M a n  was dominant in the Aryan socieLies and the 
land was owned by him. The Aryans were primarily 
pastoral people, they brought. dairying and cattle 
culture with them that blended and fused with the 
agriculture farming culturc of Harappa; later on 
they took to farming. 
The earliest document giving information on India 

is the Rig Veda which was composed during 1500 to 
1000 B.C. The Rig Vedic Age was one of great land- 
owners, and the king was considered as the supreme 
landowner. This being so, the wealth and prestige 
of Lhe farmer were reckoned in land and cattle. 
Each individual family owned its cultivated land and 
the head of the family was owner of the landed pro- 
perty. The arable land lay around the village and 
each family cultivated land according LO its ability. 
Thc peasants were allowed to make use of the waste 
land for grazing and fuel. The chief was the owne’i’ 
of the waste land and he made grant 
from it. 
In Rajasthan the present land-tenure is modified 

from the ancient Aryan system. Waste or uncul- 
tivated land was held to be the property of the crown 
(raja); the rajas made grants from it to their chiefs. 
Later, the chiefs acquired ownership rights in the 
granted land and became landlords, locally #termed 
Bhumiyas. Thus the land was held eilher as the 
property of the crown or as the estate of the Bhumiyus. 

From ancient times, however, it has been the cus- 
tom in the Khalsaland (land owned by the crown) 
of Ajmer that those who permanently improved 
the land by providing irrigation facilities, by sinking 
wells or construction of embankments for storage 
of water, acquired certain rights in the land. The 
cultivator of the improved land could not be ejected 
so long as he paid land taxes. His successors inherited 
the land and the right of ownership thus gradually 
grew up in permanently improved land. In arid and 
semi-arid areas, such as Ajmer, land has no value 
without irrigation ; consequently water for irrigation 
has greatly influenced the land tenure. This system 
of land tenure created landlords and tenants. The 
landlords took the cultivators as their tenants. 
After the Rig Vedic period the Aryans left the 

Punjab and settled in the Ganges Valley. According 
to Baden-Powell, Jat and Gujar tribes invaded 

north-western India-independently of course [3, 
p. 6111. They came in large number and in sufficient 
force, settled in the north-west of the Indian sub- 
coniinent and formed a large network of villages. 
The chiefs of these tribes forcibly acquired the whole 
of the land and established their rule. The chiefs 
then made land-grants to other members of the clan 
and parlitioncd the land among themselves. Thus the 
chiefs and members of the clans gained the position 
of landlords over the village lands. Later the des- 
cendents of the chiefs and other members of the clan 
multiplied and thus established pattidari village 
communities. The character of the Gujar and Jat 
tribes is important in shaping the system of land 
tenure in which land is jointly held by the peasants 
of the village. They like to maintain independence 
and show unequal sharing of the landed property. 
In the Punjab the present land tenure came into 

being in a manner different from that of the Aryan 
system, and no trace of the Aryan system of land 
tenure has survived. The village community is not 
an aggregate of separate cultivators but the peasants, 
at least theoretically, have a strong joint claim over 
the cultivaLed village land as well as the waste. But it 
should be noted that the holdings are separately 
held by individuals or families. Cultivated land is 
equally divided among the sons who are virtual 
heirs and here the law of pre-emption is strong. 
During later historical periods, neither the Muslim 

nor the Pathan conquerors, nor the later Sikh rulers, 
ever allowed the local chiefs to acquire zumindari 
powers; consequently landlords as a rule are absent 
in the Punjab. Instead almost. all land is now owned 
by small peasant proprietors who cultivate it in part 
or whole ; the institution of peasant proprietors has 
existed since 1000 B.C. It is noteworthy that the 
institution of peasant proprietors is not the result 
of the measures adopted either by the Brilish Govern- 
ment or earlier governments [3]. The prosperous 
agriculture of the Punjab is due in part. at least, to the 
system of peasant ownership and the evils attendant 
elsewhere on a tenancy system are absent. 
Village communities as such did not exist in the 

arid ‘bars’ of southern Punjab (Pakistan) until 
the introduction of canal irrigation during British 
rule. Only in the fertile riverine tracts, which benefit 
from annual flooding, did compact villages with joint 
claims over land develop. Nomadic herding remained 
a dominant occupation in the harsh environment of 
the ‘bars’ of lhe Punjab. The nomads had indefinite 
joint claim over the waste land. Private landed pro- 
perty in Lhc ‘bars’ came into being when a family 
sank a well in the plot where the water level was near 
the ground and cleared the land for cultivation around 
the well. Instead of villages, hamlets grew up, indi- 
vidual families owning patches of the cultivated land. 
The absence of village communities is due to the 
harshness of the arid environment. Irrigation water 
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has played an important part in shaping the land- 
Lenure system of the southern Punjab. Hcre a class 
of proprietors, distinct from landowners, has develo- 
ped. They are owners of wells and sometimes of irri- 
gation channels constructed at their own expense on 
another’s land, possessing hereditary and trans- 
ferable right in them. Either they received a share 
of the produce from the cultivators as water charges 
or they arranged for cultivation and paid a fixed share 
to the owner of the land. 
The North-West Frontier Province was inhabited 

by Muslim tribes who came in large waves along with 
Pathan, Afghan and, in some cases, Mogul conquerors. 
They forcibly acquired the land from the Jats and 
Gujars. In some cases these nomads occupied the 
land for grazing their herds, in others the tillers held 
it and divided it among their families for cultivation. 
The influential man in the clan had the privilege 
of headship for which he was paid a share of the pro- 
duce. But the head man had no claim over the soil. 
Holdings were frequently exchanged among the 

proprietors of the same village and sometimes among 
the proprietors of different villages in the North- 
West Frontier Province. The system of exchange 
of holdings was common, particularly in areas which 
lay along the rivers and were subjected to erosion. 
The character of the land and the tribal sentiments of 
the people induced the exchange of holdings. W h e n  
each family became conscious of the improvement 
in the land it cultivated, objections to the exchange 
of holdings were raised. 
In the arid climate of the North-West Frontier 

Province, as in southern Punjab (Pakistan) and Sind, 
property rights are also held in irrigation water. 
In Baluehistan and the North-West Frontier Province 
one or more families dig Karez and acquire a propor- 
tionate share in the land in return for the supply of 
irrigation water. 
The Hindu Rajput and Jat tribes occupied Sind 

before the Arab conquest. The Hindu tribes had a 
system of chiefs subordinate to the raja. Land in 
Sind was originally allotted in separate holdings for 
every family of the clan. In Sind the zamindars 
had no ownership rights in the soil but their authority 
over the clan was supreme. The zamindar collected 
land revenue for the raja and for his services he was 
entitled to claim a share of the produce. The chief 
had indefinite rights over the waste land. H e  induced 
new settlers to cultivate the waste land by digging 
irrigation channels or sinking wells. ‘In this way a 
privileged class of tenants grew up in Upper Sind. ’ [3.] 
In later historical times the chiefs tempted the Baluchi 
settlers to dig irrigation channels in the waste land. 
The channel diggers supplied water for irrigation and 
in turn were given a share of the produce. The Arab 
and later conquerors found the system of chiefs 
prevalent; they readily adopted it and authorized 
the zamindars to collect land taxes. The authority 

of the zamindar was so firmly established that theore. 
tically he became the owner of the land. In the absence 
of the zamindar, the government was supposed to 
act as zamindar, and to take its share of the produce. 
The zamindars still have fairly definite claims for 
certain dues from the landholders, and they have 
indefinite claims over the waste land. The holdings 
are owned by individuals or families. 
Thus, in conclusion, it m a y  be pointed out that 

the present systems of land tenure are deeply rooted 
in the past history of the region. In addition to physical 
factors, political and social forces brought about 
important changes in the way the land is held and 
cultivated. It is not surprising that the resultant 
systems of land tenure have great social and economic 
implications. 

HISTORY OF THE DEVELOPMENT 
OF IRRIGATION 

The seed-hearths of the old world are located in areas 
where part of the year is dry. Due to the handicap 
of aridity in these regions irrigation is likely to have 
been developed quite early. 
In Rana Ghundai the development of irrigation 

in a very early period seems fairly certain. Without 
the aid of irrigation the arid Baluchi region could 
not have supported such a large population as is 
indicated by the size and number of archaeological 
sites. Bull pottery indicates that cultivation was 
carried on with the help of irrigation works very 
similar to those of the present day [25, p. 3111. 
That the agricultural communities in Baluchistan 
practised irrigation is substantiated by the fact that a 
large series of artificial stone-built dams and terraces 
designed for irrigation was identified by Aure1 Stein 
near the Chalcolithic tills. These dams clearly indi- 
cate that irrigation in Baluchistan was important in 
prehistoric times. 
In the arid climate of Sind, cultivation without 

irrigation was impossible. The Indus civilization 
was thus hydraulic in origin. Great cities like Harappa 
and Mohenjo-daro owe much to irrigation. The irri- 
gation works required a large non-agricultural popu- 
lation for their construction, maintenance and admi- 
nistration, thus giving rise to urban centres, The 
great rivers of the Punjab not only made transport 
easy but also provided water for irrigation. These 
rivers frequently changed their courses in the absence 
of man-made embankments-there are numerous 
deserted channels to prove this-and caused disas- 
trous floods. These frequent changes in river courses 
also interrupted the irrigation systems of the Harappa 
civilization. In Aryan literature too there are frequent 
references to the practices of irrigation. 
Before the introduction of modern canals great 

indigenous systems of irrigation existed in Sind. 
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The Mirs of Sind used to charge an additional tax 
on land irrigated by man-made channels. But no 
proper attention was given to the maintenance of 
these, with the result that many of them went out 
of use. Almost all of them took their water from the 
Indus river, some simply from water spilled over in 
time of flood. In the arid south-western Punjab 
(Pakistan) before the introduction of the modern 
canals, cultivation was possible only in riverine tracts 
where land was inundated by annual floods and where 
irrigation from wells and channels was practised. 
In the ‘bars’ nomads were dominant. They were 
mostly engaged in grazing and Cultivation was prac- 
tised only on favoured plots. During the Sikh rule 
Dewan Sawan Mal, the Governor of Multan, made 
efforts to settle the area and constructed many 
inundation canals in the region. 
The development of the modern perennial canal irri- 

gation system started in 1859 when the Upper Bari 
Doab Canal was constructed from the Ravi River 
with headworks at Madhopur. Another canal, known 
as Sidhnai Canal, was constructed in the Multan 
district in 1861 from the same river. A third canal, 
using water from the Chenab River and known as 
the Lower Chenab Canal, was completed in 1892. 
But the area between the Jhelum and Sutlej rivers 
was still in great need of water. In order to bring this 
area under irrigation and to utilize the waters of the 
rivers in the best possible way the Grand Triple 
project of the Punjab was planned and was completed 
between 1905 and 1917. By this project the water 
of the Jhelum is taken into the Chenab and that of 
the Chenab to the Ravi. In this way none of the 
three Doahs is left deficient in water supply. At 
present the Upper Jhelum and Lower Jhelum Canals 
irrigate the Doab between Jhelum and Chenab, the 

FIG. 7. Arid zone of India and Pakistan. Irrigation 1942-194.3. (Indian Agricultural Statistics, vol. 2.) 
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Upper Chenab and 1,owcr Chenab Canals irrigate the 
area bclween the Chenab and Ravi while the Upper 
Bari Doab and Lower Bari Doab Canals irrigate the 
Doab between the Ravi and Sutlej. Canals taken 
from the Sutlej River irrigate areas of Punjab (India) 
and parts of Rajasthan adjoining Punjab and Baha- 
walpur State. 
In Sind perennial irrigation dates from 1932 when 

the Sukkur (Lloyd) Barrage was constructed on the 
Indus River. From this barrage seven main canals 
command a huge area in the Indus Valley of Sind. 
The main canals and their distributaries total about 
36,000 miles in length and this is the largest project 
of the subcontinent. Later projects, some still under 
construction, have vastly increased the irrigated area. 
Thus a large portion of the arid zone which lies 

in Sind and the Punjab and which was at one time 
thought to be an unpromising land has been changed 
by these canals into one of the best agricultural 
regions of the subcontinent. 
At present the canal-irrigated area in the Punjab, 

Sind and Bahawalpur 1 is about 11 million, 5 million 
and 2 million acres respectively. In addition to this, 
considerable areas in the North-West Frontier Pro- 
vince (Pakistan) and Rajasthan (India) is irrigated 
by canals. The maximum percentage of area under 
irrigation is in the Doabs of the Punjab and Sind 
(Fig. 7). In Sind and southern districts of the Punjab 
almost the whole of the area under cultivation is 
irrigated by canals. Though the intensity of irrigation 
in Dera Gazi Khan, Wazirsthan and Bannu does 
not compare with that of western Punjab it is still 
of considerable importance. 

irrigation is in western Rajasthan, HissaÌ and Mobin- 
dergarh districts of the Punjab and the north-western 
tract of desert extending over Sind Cagar Doab, the 
Potwar Plateau of Punjab and the adjoining dislricts 
of the North-West Frontier Province. The hilly 
nature of the land in the Potwar Plateau and in 
Kohat and Bannu districts has greatly restricted the 
development of canal irrigation. There are a few wells 
near the streams because the water table is fairly 
close to the surface, but in this region less than 30 per 
cent of the cultivated area is irrigated. 
In western Rajasthan the percentage of the irri- 

gated area is also less than 30. In contrast with the 
Potwar region this area is handicapped more by lack 
of water and less by surface configuration. The water 
table is so deep that well irrigation, though not totally 
absent, is little developed. The water table is common- 
ly about 300 ft. below the surface and nowhere less 
than 200 ft. No major canal traverses the region as 
the main rivers lie too far from Rajasthan. Only the 
northern and north-western fringes of Bikaner to- 
gether with the Hissar district of Punjab are canal 
irrigated. Rajasthan Canal and Bhakra-Nangal Canals 
are the future hopes of these regions. 

The minimum percentage of CU 

The maximuin percentage of cultivated arca under 
irrigation is found in a long and wide tract running 
through the arid zone from north-cast to south-west 
(Fig. 7). This region includes the area from Jhelum 
to Sutlej, Ferozepur and Bhatinda districts of Punjab 
(India), Bahawalpur State and the whole of Sind. 
In this large tract the cultivated area under irrigation 
is nowhere less than 60 per cent. In Sind nearly the 
whole of the cultivated area is canal irrigated. In 
Multan, Montgomery, Lyallpur, Lahore and Sheiku- 
pura again most of the cultivated area is canal irri- 
gated. In northern districts well irrigation is also 
practised though its importance as compared to that 
of canal irrigation is small. 
Thus, from the very earliest times the development 

of parts of this arid zone has been closely tied up 
with the development of irrigation. 

HISTORY OF 
AGRICULTURAL LAND USE 

The Pleistocene period in which climate fluctuated 
greatly is characterized by the appearance of man 
in north-west India. H e  witnessed and was subjected 
to those changes of climate. The environment was 
harsh and his intellect was meagre; hunting and food- 
gathering remained the basis of his subsistence 
throughout the Palaeolithic period. H e  depended 
on the environment for his food and shelter and it is 
often argued that he was not far different in his 
habits from his contemporary animals, but he was 
able to hunt those animals and followed them over 
large areas. During the Second Glacial Phase, Palae- 
olithic man inhabited the Potwar Plateau where his 
artifacts have been discovered in the river terraces of 
the Sohan. During this period people lived in small 
and isolated groups; communication of ideas was 
extremely s1Õw. The lack of exchange of ideas and 
the low intelligence of m a n  contributed to the slow- 
ness of his progress in general, and in particular in 
the development of tools. 
Man's skill and intelligence being low, his tools 

were very crude thus making him dependent on 
nature. Consequently his life was precarious. The man- 
made stone tools which have been found embedded 
in the older alluvium are the only evidences of the 
Stone Age culture. In the Second Interglacial Phase, 
when climatic conditions were favourable, Palac- 
olithic man inhabited Potwar in fairly large numbers 
as is indicated by the presence of many stone tools. 
It is in the last part of the Second Glacial Phase that 
first stone tools of Palaeolithic man arc found in the 
river terraces of the north-western Indian subcontinent. 
In Sind at Rohri and Sukkar and near Karachi 

1. It is convenient to refer to these ùivisionu though they have been nboliahcd 
ab administrative uniis. 
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at Draigh Road, remains of a chert industry have 
been found which have been given a very early 
date. The stone sites of Sukkar and Rohri might well 
be representative of an indigenous culture which 
led to the first urban civilization in the Indus Valley. 
During the long Palaeolithic period man gained 

knowledge by experience. It was a sort of prelude 
to the period which followed (fourth or fifth millen- 
nium B.C.) in which agriculture was introduced [Zl, 
p. 251. It is not certain whether the Palaeolithic 
Indian communities which made diminutive stone 
tools were hunters and food-gatherers or practised 
agriculture. Our knowledge is also meagre about the 
stage of human progress in the Neolithic period when 
agriculture and stock breeding were certainly prac- 
tised but metal was not known [21, p. 36-37]. 
Hunting and food-gathering activities probably 

persisted throughout the PleisLocene ice age. It was 
after the final withdrawal of ice that the climate 
changed considerably, in consequence whereof the 
fauna and flora also underwent changes. It is in this 
period that primitive man may have taken to a 
sedentary life, where he could live in a small fixed 
abode which provided security of food and in which 
he was able, in some cases, to store the surplus food 
and found time and opportunity to develop his 
inventive skills. The change over from hunting and 
food-gathering to human control over food produc- 
tion was the first revolutionary step toward the estab- 
lishment of ancient civilizations. 
W e  cannot trace this process in India itself, and 

on the whole it seems improbable that this essential 
transition from food-gathering to food production 
was made independently in India as early as it was 
farther west [Zl, p. 431. In India we have no known 
archaeological evidence to indicate the changing 
economy from hunting and food-gathering to agri- 
culture and herding as exist elsewhere. One site 
in Baluchistan-Rana Ghundai-which affords infor- 
mation on the succession of occupation, has been 
studied by Ross [25, p. 284-3161. The sequence in the 
Rana-Ghundai mound makes us believe that in the 
earliest occupation-as evidenced by the lowest 
stratum of the mound-the people lived a semi- 
nomadic or pastoral life whilst occupying the same 
site for a very long time. Following this period there 
was a sudden introduction of a fully developed culture 
with settled agricultural life-the Bull culture-which 
Ross believes did not evolve at the site. This suggests 
that the development of the art of agriculture in 
north-western India came from the west-from the 
Middle East. Pottery of this period indicates that 
agriculture depended on minor irrigation works similar 
to those of the present day. In this second stage the 
newcomers arrived and built houses over the debris 
of the earlier settlement. They painted their pottery 
with figures of bulls. The period is characterized by 
peaceful agricultural pursuits. Piggot [21] would have 

us believe that this culture was introduced from the 
west. 
According to Carl Sauer’s thesis, which has been 

supported by later students (Wissmann and others), 
the first agriculture was started by fisher folks in the 
areas north of the Bay of Bengal from whence ideas 
of cultivation were passed on towards western India- 
into the wooded steppe and drier regions. In western 
India the spread of agriculture was hindered by 
the prolonged dry period during the course of the 
year. Primitive man here applied the ideas of culti- 
vation to millet plants and thus the cultivation 
of millets was started first of all in the wooded steppe 
of India. From this part of India similar ideas and 
techniques of cultivation seem to have migrated to the 
Middle East where they were applied to the culti- 
vation of bigger-seeded grasses such as wheat and 
barley. Cultivation was carried on without the plough. 
The small seed required only to be covered slightly 
with earth while the harvest needed no special tools. 
The ripe seed heads were broken off or pulled off 
as is still done in north-western India. The hardier 
varieties of seed plants were shifted to new areas 
because of their resistance to a harsher environment. 
Whether the selection and cross-breeding were inten- 
tional or natural, it enabled certain plants to grow 
in regions which earlier did not suit them. The tran- 
sitional areas between the monsoonal forests and the 
wooded steppe of India were significant for the 
sowing and seeding of small grain plants-millets. 
It is surmised that at.the edges of deserts m a n  or 
more probably woman discovered that certain heavy 
grasses yielded seed which could be used as food 
and also stored for future use after the mere process 
of drying. With a more sedentary life the people 
would have the time to think of selecting the seeds. 
According to Carl Sauer and Vavilov, the planting- 
hearth cultivation in the seed-hearths also started 
in areas of diverse relief-a country of bills and 
valIeys-with varied vegetative growth. 
Carl Sauer believes barley to be certainly of ancient 

cultivation in India. It is possible that this superior 
crop replaced some earlier native plants. The local 
diversification of barley may indicate its early use in 
India. Western India is also considered to be the 
first home of the gourd, eggplant, cucumber, radish, 
lettuce and hemp [27, p. 791. Many important vege- 
tables, such as lentils, peas, and grass peas were domes- 
ticated west and north of the Indus. According to 
Vavilov, bread wheat was first grown near the Hima- 
layas in Afghanistan, but Peake would place the first 
cultivation of wheat in Palestine, from whence the 
cultivated wheat migrated to India slowly and gra- 
dually. Beyond Afghanistan wheat cultivation spread 
via the Khyber Pass into the Punjab. The plains of 
the Punjab, then marshy and covered with original 
jungle, would not have attracted the primitive 
agricultural people who must have clung to the foot- 
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FIG. 8. Dispersal of wheat and millets in ancient times in 
South-west Asia. (After H. J. E. Peake.) 

hills-a topography to which they were accustomed. 
From these foothills, people turned eastwards along 
the northern border of the plains or southwards 
along the Baluchi border of the Indus Plain. The site 
at Rupar was probably inhabited by these immigrants. 
Peake is inclined to believe that the early Indus 
civilization was derived from Turkistan [20, p. 531. 
At a slightly earlier date, pottery from Sistan and 
Baluchistan resembling that from Susa II began to 
filter in from the west, The grain found in these sites 
is Triticum sphaerococcum, which is still grown in 
western India and Afghanistan (Fig. 8). 
The techniques of cultivation seem to have deve- 

loped gradually. Land was first only roughly cleared 
with the help of fire. Only such instruments as the 
hoe were used or the land was dug with the big toe 
of the foot. Elsewhere seeds were scattered on the 
virgin soil. 
T w o  types of agriculture are likely to have existed 

in the arid zone of India and Pakistan during the 
Chalcolithic times. In the riverine areas which were 
inundated or irrigated, sedentary agriculturists with 
comparatively large settlements dominated. The 
continuous level surface with rich soils must have 
been a very attractive environment whereon to deve- 
lop large village communities with a good deal of 
surplus grain. On the more difficult environment of the 
‘bars’ with isolated water-points and with no compa- 
rable irrigation facilities only small hamlets deve- 
loped. Cultivation remained confined to small patches 
around the few wells in favourable plots. Cultivation 
remained subsidiary to nomadic herding. 
In Baluchistan, characterized by its diversity of 

relief, few and isolated tracts of arable land and 
restricted irrigation facilities, the agricultural settle- 
ments were small and isolated. The existence of 
virtually self-contained small peasant States in 
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Baluchistan is to a large extent a reflection of the 
physical environment. There was little exchange of 
ideas between different valleys since there were few 
routes from one valley to another and this resulted 
in a heterogeneity of development. Quite in contrast 
was the development of urban and large village 
communities of the Indus Valley. ‘Great cities with 
teeming population like Mohinjo-Dar0 and Harappa 
could never have come into being save in a country 
which was capable of producing food on a large scale 
and where the presence of a great river made transport, 
irrigation and trade easy.’ [17, p. 271.1 In the exca- 
vations of Mohinjo-Dar0 and Harappa carbonized 
wheat and some quantities of barley have been 
unearthed, showing their cultivation during, the 
Chalcolithic period. The varieties of wheat grown 
in the Punjab resembIe those found at Mohinjo-Daro. 
The wheat found from Mohinjo-Daro has been iden- 
tiñed as Triticum compactum or T. sphaerococcum 
while the barley is identified as Hordeum vulgare. 
Date stones have also been found. Apart from the 
two important bread grains, wheat and barley, 
other items of food were beef, mutton, pork, poultry 
and milk. The cotton found there resembles the 
coarser varieties of present Indian cotton and was 
produced from a plant closely related to Gossypium 
arboreum. Whether or not the plough was being 
used in the Indus Valley during those times remains 
a controversial point because of lack of direct evidence. 
Yet it may be argued that such a large population 
with its big urban- centres could scarcely have depen- 
ded upon hoe agriculture; also India at that time had 
commercial contacts with Babylonia where ploughs 
were being used and therefore it m a y  be inferred 
that the plough was being used in the Indus Valley 
too. The huge granary at Harappa indicates the fact 
that revenue was paid in kind and that the Indus 
civilization was based upon a well-developed agri- 
cultural society. The destruction of Harappa was 
probably due to adverse effects of changes in the 
course of the Ravi River rather than to a deterio- 
ration in climate as is often supposed. 

The Aryans during the Rig Veda period were pri- 
marily pastoral people and inhabited the north-western 
Punjab. The latter fact is indicated by the reference 
in Rig Veda to all the five rivers of Punjab but rarely 
to the Jumna. The tiger is nowhere mentioned, nor 
is rice-showing the absence of humid conditions. 
According to another view agriculture among the 
primitive Aryans was as important as pastoralism 
and that tillage had preceded nomadism. The ploughs 
-heavy in many cases-were drawn by bullocks. 
Seed was sown in furrows and harvesting was done 
with a sickle. 
To summarize, the area under investigation was 

the scene of domestication of seed plants from the 
earliest times, with numerous intra-regional variations 
in accordance with the environmental conditions. 



The arid zone of India and Pakistan 

In the Indus Valley the surplus production of many 
crops became the basis of an urban civilization. 

PRESENT AGRICULTURAL LAND USE 

In an arid environment cultivation depends upon the 
availability of water. Areas of extensive irrigation 
are areas of extensive cultivation. Where irrigation 
is lacking, cultivated acreage is small and most of the 
land remains unreclaimed. In the arid zone of India 
and Pakistan the most important source of irrigation 
water is the river system and thus the cultivated land 
is almost restricted to those areas through which 
the rivers flow and where the water of the rivers is 
accessible through canals. 
The maximum percentage of the total area under 

cultivation is in the north-eastern region of the 
desert (Fig. 59.1 From this area the percentage de- 

creases on all sides but more rapidly to the north-west. 
The lowest percentage is found in the Sind Sagar 
Doab and in much of Sind. In Sind Sagar and the 
Potwar Plateau both the uneven surface and the arid 
climate restrict the cultivated acreage. In the Potwar 
small hills and shallow depressions are prevalent. 
Vegetation is thin; the soils are stony and bare. 
Dry stream beds intersecting the pIateau are covered 
with sand. This badland topography in the Potwar 
area is the result of soil erosion due to overgrazing 
and deforestation. In this region less than 50 per cent 
of the total area is cultivated. Further west and to 
the south, from Attock and Kohat to Dera Gazi 
Khan, less than 25 per cent of the total area is culti- 
1. The dirrcussion on the cultivnted nren nnd the crop-acreages in this section 

is hased on the data for 1942-1943. This is the most recent y e a  for which a n  
outlinc m a p  of the entire arid zone showing district boundnries is nvailahle. 
The dnta for more recent years (after 1947) for the areas falling in Pakistan 
and those in India are not comparable as they do not relate to the same year. In 
addition, base mnps showing district boundaries for these later years aie not 
ovnilable, thus making it impossihle to represent the data cartographicnlly. 
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FIG. 9. Arid zone of India and Pakistan. Area under cultivation 1942-1943. (Indian Agricultural Statistics, vol. 2.) 
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FIG. 10. And zone of India and Pakistan. First ranking crops 1942-1943. (Indian Agricultural Statistics, vol. 2.) 

vated. The main hindrance in the north is the broken narrow tract from the Upper Sind Frontier to the 
nature of the land while in the south scarcity of southern limit of Hyderabad the cultivated per- 
water is the major handicap. The fertile alluvial centage is higher because of the availability of canal 
plains of Peshawar and Mardan where irrigation is water. 
also ample have much more land under cultivation In Jodhpur and Jaipur from 25 to 50 per cent of the 
but in the rest of the hilly tract cultivation is res- total area is under the plough. Irrigation facilities 
tricted. are few, and aridity puts a definite limit on the 
Sind is the second major region where the percen- cultivated area. As most of the cultivation is asso- 

tage of the area cultivated still remains small. In ciated with monsoon rainfall a big portion of the 
Dadu and Karachi in the west and from Sukkar to land remains under current fallow. 
Thar Parkar in the east it is less than 25 per cent. The middle north-eastern side of the arid zone, 
Wherever land is irrigated it is cultivated but the from Gujrat to Bikaner and from north-western 
rest is almost a sandy desert. The amount of rainfall Bahawalpur to the eastern limit of Ferozepur, is the 
is so meagre (see Fig. 4) that without irrigation area where the maximum percentage of the total 
reclamation of the land is impossible. In a long and area is cultivated. More than half of the total area 
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FIG. 11. Arid zone of India and Pakistan. Second ranking crops 1942-1943. (Indian Agricultural Statistics, vol. 2.) 
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in the fields provides grazing facilities for millions 
of cattle. 

M A J O R  CROPS 

The crop pattern of the arid zone of India and Pakis- 
tan is a reflection of the availability of water for 
irrigation. Crops change from arca to area in accor- 
dance ,with the amount of water available. The crops 
with greater water requirements are cultivated in 
areas where irrigation facilities are provided; hardier 
and drought-resistant crops become dominant in 
areas of meagre irrigation. Thus wheat, cotton, rice 
and gram are mostly confined to irrigated areas 
whereas bajra, jowar, barley and ‘til’ (an oil seed) 
are the rule in areas of meagre water supply. The 
cultivation of crops in the area under inquiry, is 

thus properly adjusted to environmental conditions. 
Four distinct crop-combination regions can be 

discerned in the arid zone of India and Pakistan 
(Figs. 10-12) : Western Rajasthan and adjoining 
districts, Thar Parkar (Sind) and Hissar (Punjab, 
India); the region between the Jhelum and the Sutlej ; 
North-West Frontier Province and the adjoining 
districts of the Punjab; Sind. 

Western Rajasthan and adjoining districts of Thar 
Parkar (Sind) and Hissar (Punjab, India) 

In this area the winter rainfall is very small com- 
pared to summer rainfall, irrigation facilities are 
meagre, most of the rain comes during the summer. 
Consequently the Kharif harvest far exceeds the Rabi 
(spring) harvest. Bajra ranks first in acreage, jowar 
and gram come second except in Thar Parkar. Til 

MILES 140 105 70 35 0 

- .......-..... District boundurìes. 
-e-. -.-.- Provincia/ and-Provhce 
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FIG. 12. Arid zone of India and Pakistan. Third ranking crops 1942-1943. (Indian Agricultural Statistics, vol. 2.) 
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and barley arc in third position except in Thar 
Parkar where cotton occupies the third place because 
of the .limited irrigation. The dominant position of 
bajra in this region is due to the general absence 
of irrigation, the sandy soils and the precarious 
rainfall. Nowhere else in the arid zone of India does 
bajra attain the first rank among crops. Bajra is 
sown with the advent of the monsoon and is harvested 
a few weeks after the retreat of the monsoon in autumn. 
Jowar is the second ranking crop in Jodhpur and 

Jaipur while gram occupies that position in Bikaner 
and Hissar. The acreage of jowar runs side by side 
with bajra as the physical requirements of both are 
almost the same. The northern porLion of this region 
receives some rainfall in winter which enables the 
cultivation of gram. The gram of Bikaner shows 
that it receives preference over wheat because the 
inadequate winter rainfall does not satisfy the needs 
of wheat. For the same reason barley occupies the 
third position in this area while in Jodhpur til is 
the third crop. The other important crops of the 
region, though covering a small acreage, are wheat 
and pulses. Thus, in this region the crops grown 
are such as require less water and can do well in sandy 
soils. 

The region between the Jhelum and Sutlej 

This is one of the most productive regions of the 
subcontinent. Here the soils are mainly sandy 
loams. Monsoon rainfall, though small in amount, 
is of great help; winter rainfall even smaller in amount 
is of considerable effectiveness. Above all this the 
area has excellent irrigation facilities. Rabi and 
Kharif harvests are of equal importance. Wheat 
occupies the first place in crops grown in the region 
(Fig. 10). The crop is sown following the retreat 
of the monsoon and is harvested in the late spring. 
This is the most important crop of the irrigated areas 
and fits well into their agricultural system. Canal 
irrigation is necessary for sowing but in some years, 
when the monsoon rainfall in late September is more 
than the usual, this crop may be sown by just conserv- 
ing that moisture; such years are, however, infrequent. 
Due to fertile soils and excellent irrigational facilities 
yields are high. 
Cotton holds the second position (in acreage) 

among the crops of the region, which is the most 
important producer of American varieties of cotton 
in the subcontinent of India and Pakistan. Soils are 
excellently suited, water requirements are met by 
canal irrigation and the hot and dry climate is a 
further asset. Cotton is now a major source of income 
in the canal colonies of West Pakistan. Gram is the 
third most important crop of the region (Fig. 12). Next 
to wheat this is the major Rabi crop. The advantage 
of this crop is twofold: in addition to supplying 
seeds used like grain for human and cattle consumption 

this crop helps in maintaining the fertility of the 
soil. Generally it is sown in rotation with cotton and 
wheat. Gram does well even in inferior soils and 
without irrigation. Rice, barley, sugarcane, maize 
and pulses are the other important crops which 
contribute, though to a lesser degree, to the economy 
of this region. 

North- West Frontier Province and adjoining parts 

In this region winter rainfall is relatively greater than 
in the regions discussed above. However, irrigation 
facilities and soil conditions are poor. Wheat remains 
the foremost crop. In the extreme north and north- 
west maize occupies the second place. In submontane 
districts, where summer rainfall is considerable, 
most of this crop is grown without irrigation. But 
in Peshawar and Wazirstan and the adjoining dis- 
tricts it is grown with the help of irrigation. In Muzaf- 
fargarh and Mianwali gram is the second crop and in 
a long tract from Dehra Gazi Khan to Jhelum through 
Dera Ismail Khan, Bannu, Kohat and Attock, 
bajra ranks second to wheat. The amount of rain- 
fall here is small; irrigation facilities are restricted; 
the soils are sandy in the south and stony in the north. 
Under these conditions bajra and gram are more 
successful crops than wheat. In the Potwar and in 
Bannu and Kohat districts maize occupies the third 
place. In the Punjab areas maize is grown without 
irrigation while in the other two districts it is an irri- 
gated crop and is grown in the narrow alluvial plains 
with the help of irrigation. 

Sind 

Canal irrigation has played a very vital role in the 
agriculture of Sind. Here the summer monsoon rain- 
fall is too limited for Kharif crops. The cultivation 
of Rabi crops is also impossible with winter rainfall 
alone. Almost all of the cultivated area is under 
irrigation. In western and southern Sind rice is the 
major crop and is closely followed by wheat in the 
north and bajra in the south. In Sukkar and Nwab- 
shah wheat occupies first place (Fig. 10) and rice 
ranks at third place. The conditions in Thar Parkar 
are like those at Jodhpur so that bajra comes at the 
top but, instead of jowar, wheat is the second crop 
followed by cotton. In a few other parts of Sind 
cotton is also grown but its relative importance is 
not as great as in the Punjab. 

DOMESTICATION OF ANIMALS 

The hearths of many of the domesticated herd- 
animals and of seed agriculture are in the same general 
area of south-west Asia extending to the Indus 
Valley. It is believed that in this area the domes- 
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tication of herd-animals followed sedentary agri- 
culture and not hunting. 
It is from the study of excavations at Rana Ghun- 

dai, Harappa and Mohinjo Dar0 that w e  can recons- 
truct the importance of herd-animals in the Indus 
Valley civilization. At Rana Ghundai for example, 
were excavated the remains of domestic goat, ass, 
sheep and horse. At Harappa the remains of zebu, 
buffalo, sheep, elephant and camel have been un- 
earthed. The remains of the humped Indian bull 
indicate that during the Chalcolithic period the Indus 
Valley had a fine breed of animal stock resembling 
that of Rajasthan, Sind and norLhern Gujarat. 
The goat was probably the earliest domesticated 

animal. The origin of the goat may be placed in the 
cis-Indus country on the high mountains adjoining 
the ancient agricultural valleys. Sheep also probably 
had their original home in the arid zone of India. 
The 0th vigni now living in the area from the Salt 
Range of the Punjab to Baluchistan is the des- 
cendant of the ancient sheep. The representation 
of cattle on terracotta figures at Mohinjo Dar0 and 
Harappa also points to the conclusion that domes- 
tication of cattle had taken place long before the 
Indus Valley civilization had developed. It is doubt- 
ful whether the Indus Valley civilization could have 
attained such grandeur without the domestication 
of herd-animals, particularly cattle for drought pur- 
poses. As with the goat, so with the buffalo and 
humped ox, they were found in wild form on the hills 
* mmediately adjoining the agricultural valleys and 
seem to have been domesticated from there by the 
agricultural people. The camel which today is a useful 
and widespread animal in the arid zone of India had 
definitely been domestica long before and used 
by Harappa people [23]. 

While there is general agreement that domes- 
tication of herd animals came after the establishment 
of sedentary agriculture, there is still a controversy 
as to why at all the ancient agricultural people deve- 
loped herding. It is probable that the growth of 
population in the Indus Valley may have given the 
incentive to the people to engage in activities other 
than agriculture. Close to the river valleys the 
slightly higher bars were available-with meagre 
possibilities for sedentary agriculture, owing to the 
lack of irrigational facilities, but with vast areas 
for grazing, which consequently became a dominant 
occupation. Even today herding remains of impor- 
tance in the ‘bars’ despite the introduction of recent 
irrigational facilities and the consequent develop- 
ment of agriculture. 
In Baluchistan where the agricultural valleys 

were few and isolated, herding may have originally 
developed as a supplement to crop farming. But 
once the herding of sheep and goats did start, it 
resulted in the overgrazing of the scanty vegetation 
cover exposing the soil to the occasional but heavy 

downpours characteristic of the arid areas. This 
must have resulted in large-scale soil erosion in Lhe 
valleys. No longer able to graze the herds close to the 
valleys, persistent search for summer pastures resulted 
in what today is a well-developed transhumance. 
In fact no hard and fast line can be drawn between 
agriculturist and pastoralist in Baluchistan. During 
winter the people move into Sind with their families 
and flocks to escape the winter cold while in summer 
there is a move towards the higher mountainous 
parts in search of pastures and into valleys for prac- 
tising agriculture. The present importance of pastoral 
nomadism may be judged easily from the fact that 
in Baluchistan over 80 per cent of the stock consists 
of goats and fat-tailed sheep. 

PRESENT DISTRIBUTION OF HERD ANIMALS 

Two regions are most important for cattle, where 
the density is more than 30 per hundred acres. 
One is the Jodhpur State area and the other comprises 
Lahore, Lyallpur, Montgomery, Shekupura and Guj- 
ranwala. In the Jodhpur area the cattle are of 
superior quality. Most of them are grazed on current 
fallows where the grasses are rich in salt content and 
there is no leaching of the soil in this area. Both 
milch and draught cattle are important-cows and 
bullocks are much more important than buffaloes. 
This area supplies not only bullocks for draught 
purposes in the local areas but also much of the 
superior young stock which is sent to the other parts 
of the country. 
In the Punjab region most of the cattle are stall-fed 

and fodder crops are grown on an extensive scale. 
In this region cattle and buffaloes are of equal impor- 
tance; both bullocks and male buffaloes are used 
for drawing the ploughs. 
In the rest of the region the density of cattle is not 

more than 20 per hundred acres. The main cause of this 
decrease in density in comparison with that in the 
Punjab is that here the cultivated area is already 
small and it cannot be given over to fodder crops 
in preference to food crops. On the other hand the 
climate and the soils in most parts are such that grass 
does not flourish on which cattle may be reared on 
any extensive scale. 
In the arid zone sheep grazing is mainly for wool 

for which Rajasthan is the most important area. 
In Bikaner and Jodhpur there are more than 20 sheep 
per hundred acres. Most of the sheep are kept by the 
non-cultivators and are reared on waste land and 
occasionally on current fallow. There are 10-20 sheep 
per hundred acres in the area from Bahawalpur to 
Shahpur and due east. In the whole of the western 
tract from lower Sind to the North-West Frontier 
Province the number of sheep per hundred acres is 
less than 10. The grasses are very poor and a larger 
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area is required to support even a small number of 
sheep. Moreover, as the sheep are owned by nomads 
and people who are landless, all the stock depends 
upon grazing the waste land. The quality of the 
grasses in these areas is very poor and therefore the 
resulting flock of sheep is of poor quality and so is 
their wool. 
Goats are found everywhere in the arid zone and 

are used both for their meat and milk; however, they 
are not so important as cattle or sheep. Rajasthan 
has the largest number of goats. Like the sheep, the 
goats are also kept by the non-agriculturists. The 
goat is the only source of milk in this area. In addition, 
the nomads sell the young stock of goats as the 
people prefer goat’s meat to mutton. Camels are 
found throughout the desert, mainly for draught 
purposes. 
The arid zone of India thus seems to be a very 

significant area for the original domestication of 
herd animals. These animals have continued to be 
pari. and parcel of ‘the arid zone agriculture from 
ancient times to the present day. 

PROBLEMS OF SOIL EROSION 
AND SOIL CONSERVATION 

In the arid zone of India and Pakistan, as in many 
other similar areas of the world, the wind works as a 
powerful agent for erosion. Its action in the subconti- 
nent is twofold. At a velocity of over twenty miles 
an hour during May and a somewhat similar velocity 
during the whole of the monsoon season the wind 
is active both in removing and transporting rela- 
tively fertile arable soils and in depositing coarser 
sandier soils over arable lands. The problem is thus 
clearly twofold also: to save the topsoil of arable 
land from erosion, and to prevent the deposition of 
an agriculturally useless sandy cover. In each case 
the problem of wind erosion is of great concern. The 
seriousness of wind action is increased by the fact 
that a large part of the arid zone is comparatively 
flat land where the wind carries on its dismal campaign 
with few obstacles. Most of the irregularities of 
this vast area are the work of the wind itself, However 
man, by disturbing the ecological balance in favour 
of his immediate economic motives, cannot be absolved 
from the responsibility of collaborating with the wind 
in destroying his own fertile tracts. Trampling and 
over-grazing of the sparse vegetative cover by a 
comparatively larger number of animals-parti- 
cularly sheep and goats-has resulted in making the 
already barely coherent soil susceptible to wind 
action. Erosion is not per se a bad phenomenon; 
it is when w e remove the natural cover of soil without 
providing a substantial equivalent that the problem 
arises. This is what has happened in our arid 
zone. While it is true that the disintegration of the 

rocks proceeds at a fairly rapid rate, we do not 
get soil, but simply disintegrated rock material, 
from which soil can only be formed later. The low, 
erratic rainfall, high mineral and low humus content 
of the upper surface are inimical to the development 
of a good soil cover. And even this somewhat poor 
soil is constantly in danger of being overwhelmed 
by wind action. The dominant action of wind should 
not be overstressed, however, for water remains of 
importance as an agent of erosion in the hilly and 
uplifted areas of the arid region particularly in the 
Potwar and Baluchistan. In the Potwar there is an 
extensive development of badland topography. In the 
Jhelum district alone over 65,000 acres have been 
lost by erosion during the last 30 years. 
The domestication of herd animals and the develop- 

ment of pastoral-nomadism started in the arid zone 
of the subcontinent during ancient times. The latter 
practice continues to gain more and more importance. 
In most herding tribes the possession of a large 
number of animals has come to be accepted as a cri- 
terion of wealth. This naturally led, even in the past, 
to competition, which in turn meant a larger number 
of animals being recklessly grazed on the land, 
seriously disturbing the delicate balance between 
soil and wind. Large-scale soil-drifting has therefore 
resulted. In the hilly areas overgrazing has resulted 
in gullying and soil wash. In the arid zone the number 
of herd animals demands that a large area be devoted 
to fodder crops, but it is precisely here that good 
land, even for food crops, is limited. Therefore the 
success of food crops is delicately balanced upon the 
knife’s edge. Selective grazing by animals has resulted 
in an overstrain on the favoured or more nutritious 
species of plants which fail to survive or to establish 
themselves again. The sharp edges of the hoofs of 
the omnivorous goat and sheep and their ability to 
reach even very steep slopes for grazing has created the 
problem of erosion where it is most difficult to combat. 
One good year may tempt the herdsman to keep 
a large flock despite the many bad years-if only 
in the hope of further good years which are only too 
few in these areas of high variability of rainfall. 
There is no doubt that overgrazing has eliminated 
itself in many areas but not before long-term damage 
had occurred to the soil. 

so IL c o NS E RVATI o N 

Man, in an attempt to scratch a liuing in the arid 
and semi-arid areas of India has, through trial and 
error, evolved such techniques of farming as have 
maintained the fertility of the soil and have given 
him fairly satisfactory yields-satisfactory only 
in view of the harshness of the environmental condi- 
tions. Some of these techniques can be further improved 
but in the case of others little improvement is possible. 
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Dry farming is a system of conserving soil moisture, 
of preventing soil erosion and of crop management 
in regions of low and uncertain rainfall. Within the 
arid zone under inquiry dry-farming practices vary 
in accordance with the amount and temporal distri- 
bution of precipitation. In western ‘Rajasthan and 
south-eastern Punjab (India), the farmer through 
his long experience of centuries has developed certain 
techniques which are excellently suited to conserve 
soil moisture and fertility for dry farming. The prac- 
tice of preparatory tillage is widely carried out. 
The farmer ploughs the fields before the advent of 
the monsoons and thus opens the hardened crust 
of the soil to absorb a maximum amount of rain- 
water; the indigenous wooden plough is probably 
the best suited for preparatory tillage. To conserve 
the soil moisture absorbed from monsoon rains, 
the farmer in south-eastern Punjab repeatedly ploughs 
fields to creat soil mulch which checks evaporation 
through capillary action. Almost all the crops are 
sown mixed-particularly kharif. Legumes are sown 
mixed with bajra or jowar. This is probably the best 
system of utilization of soil moisture and it maintains 
soil fertility. The roots of the legumes have nitrogen- 
fixing bacteria and also they are long and get the 
moisture from the lower layers. On the other hand 
bajra and jowar have short roots which make use 
of the moisture in the uppermost layer of the soil. 
Thus there is little competition for moisture among 
the mixed crops. Some leguminous crops spread over 
the ground (mong, moth) and check soil erosion. In 
areas along the foothills of the Aravallis-parti- 
cularly in Gurgaon and Ajmer-there is a unique 
system of conserving monsoon rainwater, especially 
for rabi crops. D a m s  are constructed at the foot 
of hills to impound the water of local torrents. These 
dams have multifarious advantages : they provide 
water for cultivation, check soil erosion and raise the 
spring level of adjoining areas thereby making well 
irrigation possible. 
In addition to these existing practices, contour- 

bunding of fields, contour cultivation, superior 
varieties of crops and manuring should be introduced. 
There is a need for a detailed soil survey to assist 
in the scientific assessment of local requirements 
for soil conservation-a close relation exists between 
the nature of the soil and the techniques for its conser- 
vation. In addition, techniques of soil conservation 
should be devised taking into consideration the 
economic conditions of the peasants. Costlier tech- 
niques, however useful they may be, would not be 
employed by the peasant if they are not within his 
means. 

Contour bunding 

Although the plains of the arid zone under inquiry 
are level on the whole, there are local irregularities 

of the surface. The loca1 uneven configuration of the 
fields does not allow of uniform absorption of rain- 
water and moreover it causes immediate run-off 
of water and soil erosion. Contour bunding and level- 
ling of fields are essential remedial measures. Fortu- 
nately the thickness of the soil and subsoil is conside- 
rable so that quantities of water can be stored safely 
for future use of crops. The dimensions of the bunds 
depend upon the intensity and amount of rainfall, 
the nature of the soil and the slope of the land and 
therefore should be devised according to local require- 
ments. To maintain the fertility of soil, proper crop- 
rotation and fallowing are necessary. It has been 
observed that it is possible to carry over a large part 
of the subsoil moisture conserved in fallow fields from 
one year to another. In the years of scanty rainfall 
the conserved subsoil moisture of the fallow field is 
of considerable importance. But it should be stressed 
that this practice is suited only in those soils which 
have storage capacity. 
The sowing should be done with drills in properly 

spaced rows. Organic and green manuring may also 
prove advantageous. 
Until now no scientific evaluation of the soil 

conservation problem has been made in this vast 
area. Agricultural research stations are needed to 
investigate the problems of soil conservation. 

WATERLOGGING 

Canal irrigation, although vitally important in arid 
areas, is not without its adverse effects. It has led 
to the serious problem of waterlogging. The barren, 
arid areas of India and Pakistan which were made 
productive by canal irrigation, are now being damaged 
by waterlogging and also by the formation of alkaline 
and saline soils. In pre-partition Punjab, in the 
year 1942-1943, more than 700,000 acres of land 
were rendered useless in this way (see Fig. 13). 
In the Punjab the problem of waterlogging was 

first realized as serious in 1915 but it was not until 1926 
that any scientific probe into the problem was made, 
Since then measures have been applied to prevent 
fertile land from becoming waterlogged. Reclamation 
of waterlogged areas has also been carried out on a 
large scale. 
Prior to the introduction of canal irrigation, 

seepage of water in large quantities was mainly res- 
tricted to the areas along the rivers. In the Doabs 
the water table was very deep. The construction 
of canals in the &aid areas of the Doabs increased 
the percolation of water and thus raised the water 
table. Due to the rise of the water table, the areas 
along the canals became waterlogged first. It has 
been noticed that in arid areas a very large proportion 

1. Dhaia (Punjabi)-an upland aren nwny from the floodplain of the rivers. 
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FIG. 13. Total area damaged by salt accumulation (thur) 
in pre-partition Punjab. 

of the increase in the volume of groundwater can be 
attributed to the percolation of canal and river 
water. The groundwater will rise up to a point 
where equilibrium is established between surface 
percolation and disposal of groundwater. Here it 
must be stressed that the sub-alluvial ridges in the 
Indus Valley act as barriers to the Aow of underground 
water, consequently the water table has a tendency 
to rise. Gravity surveys in the Punjab have indicated 
the shallowness of the alluvium in the plains. Under 
these circumstances the rise of the water table is 
bound to be rapid in canal irrigated areas. 
In the submontane districts of the Punjab, where 

subhumid conditions prevail, excessive rainfall in 
recent years has also caused waterlogging. Moreover 
the construction of roads, railways and canals has 
obstructed the natural flow of the watercourses and 
this has aggravated the situation. But in the arid 
areas of India and Pakistan, rainfall, even in abnormal 
years, is not sufficient to cause waterlogging. The 
insignificant slope, the shallowness of the alluvium, 
the existence of underground impervious ridges and 
a dense network of rivers and canals-which are the 
source of percolating water-are significant causal 
factors in the waterlogging of arid areas in India and 
Pakistan. 

Prior to the introduction of canal irrigation the soil 
profiles in the Punjab showed complete salinization 
of the soil. There was an upward movement of the 
salts in the soil in the dry season and a downward 
movement in the wet season. This eliminated the 
accumulation of salts in any well-marked horizon. 
Introduction of canal irrigation resulted in the for- 
mation of a zone of accumulated salts in the soil. 
In the areas where subsoil water rises to the capillary 
zone, salts dissolved in the subsoil water are brought 
to the surface and due to evaporation a fine crust 
of sodium salts is formed at the soil surface. Soils 
thus affected have gone out of cultivation. In the 
areas where groundwater has risen to within 6 ft. of the 
surface the problem of waterlogging is very acute, 
and these are the areas where rapid deierioration of 
cultivated land is taking place. 
Waterlogged areas have shown a constant rise in 

the Punjab since the introduction of canal irrigation. 
A graph prepared for the years 1931-1943 clearly 
depicts the trend of increase in areas damaged by 
waterlogging (Fig. 13). As more water is added 
through percolation to the groundwater, the water 
table rises and in those peripheral areas where the 
water table is near the critical limit the menace of 
waterlogging spreads. Thus valuable cultivated land 
is deteriorating at an increasingly high rate. 
The general flow of groundwater in the Punjab is 

from north-east to south-west along the river valleys. 
The impervious sub-alluvial ridge which runs from 
Delhi to Shahpur checks the flow of groundwater 
and thus accentuates the problem of waterlogging. 
The water table is quite close to the ground surface 
in the districts north-east of the sub-alluvial ridge 
and these are the districts most badly affected by 
waterlogging. T o  the south-west of the sub-alluvial 
ridge the water table is deep. Consequently to the 
north-east of the Delhi-Shahpur ridge there is a zone 
of surplus groundwater and to the south-west of it is 
a scarcity zone. 
Similarly, in Sind, in the western Indus Valley 

the problem of waterlogging is probably accentuated 
by a sub-alluvial ridge. The western Indus Valley, 
which is underlain by the Kohistan-Sukkur-Suleman 
underground warp, is the only acutely waterlogged 
part of Sind. 
Analysis of the data on the waterlogged districts 

of the Punjab clearly indicates that in the districts 
of Shekhupura, Gujranwala and Shahpur the problem 
is acute. There were nearly 500,000 acres of land 
under thur and seml in 19443. Soon after the 
introduction of canal irrigation in these districts 
water appeared at the surface along the canals 
and low-lying areas were turned into swamps. The 
obvious explanation for such acute and rapid 
waterlogging, in these districts, is that the alluvium 

1. The alkaline and saline S d S  are called thur nnd the waterlogged areas 
are called S e m  in the Punjab. 
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Tanm 2. Total area damaged by thur and sem in some 
of the main canal irrigation tracts, 1942-1943. (From : 
Proceedings of thirty-second meeting of the Waterlogging 
Board, Punjab, Lahore, 1944.) 

Acreage under 
thur 

Lower Jhelum Canal 33 948 
Upper Jhelum Canal 9 916 
Lower Bari Doab Canal (except 
Lahore) 43 567 

Lower Chenab Canal 228 039 
Upper Chenab Canal 208 339 
Haveli Canals 24 263 

Acrenge under 
gem 

~ 

5 214 
4 293 

- 
5 100 
2 840 - 

Waterlogged and saline acreage of some major canal 
irrigated tracts of the region are shown in Table 2. 
Several remedial measures have been adopted to 

combat waterlogging and to reclaim waterlogged and 
saline. infected areas. Where waterlogging is severe-as 
in Gujranwala and Shekhupura districts-drains have 
been constructed. In certain cases tube wells and 
percolation wells have been installed to pump out 
the subsoil water. In waterlogged areas the cultivation 
of rice has also been introduced since it acts as an 
agent for decomposing the sodium clay and checks 
the formation of thur soil. Gypsum has also been 
applied to thur affected areas ; it introduces sufficient 
calcium ions in the soils to prevent the base exchange 
reaction between sodium salts and calcium clay. 

YEARS " 
FIG. 14. The rate of increase of salt accumulation (thur) 
in Montgomery. 

is shallow and these districts lie north-east of the 
Delhi-Shahpur sub-alluvial ridge. The districts of 
Shekhupura, Shahpur and Gujranwala showed an 
alarming rise in the .area under thur for the years 
1931-1943, the absolute increases for these years 
being 132,000,20,000 and 40,000 acres respectively. 
In the districts of Montgomery, Lyallpur and 

%N..~L-. / W T - - &  TS-L:..L--.\ +jr ------. _- --A lìL-*:-A- 

Some have suggested that the sub-alluvial ridge be 
cut at suitable sites to allow the passage of under- 
ground water. This would eventually lower the 
water table in the districts lying north-east of the 
ridge. There is need of a gravity survey to determine 
the site for puncturing or cutting the ridge. What 
looks simple and feasible at first sight would not be 
without many complicated and intricate problems. 
The whole of the system of the flow and speed of the 
underground water would undergo a great change 
if the work of cutting the ridge is made possible. 
The change in the rate of the flow of underground 
water might lead to subsidence of certain areas on a 
large scale. This might damage some of the urban 
and rural settlements. 
There is a need of intensive study of the problem, 

to devise suitable methods for balanced, judicious 
and controlled application of canal water, and for 
protecting the valuable land from the ravages of 
waterlogging. In 1952 C. R. Maierhofer, of the United 
States Bureau of Reclamation, visited West Pakistan 
and reported to his Commissioner on 3 October 1952. 
H e  found the evidence conflicting and recommended 
the selection of one doab for intensive study. The 
land use and reconnaissance survey by means of 
aerial photographs carried out for the Pakistan Govern- 
ment in 1954-55 showed clearly the extent of the 
damaged lands. 

iviuiLan I w W L  E anis~aiil, I' GIUIGpUl UUU J U ~ W N ~  

(Punjab, India) the problem of waterlogging is not 
quite so acute, although nearly 100,000 acres were 
under thur and Sem in 1943. These districts lie to the 
south-west of the Delhi-Shahpur sub-alluvial ridge. 
Nevertheless in the years 1931-19413, the waterlogged 
areas increased by 35,000 acres in Lyallpur and by 
58,000 acres in Montgomery (Fig. 14). 
In passing, it needs be made clear that the problem 

of waterlogging is not entirely due to the presence 
of sub-alluvial ridges but they seem to have accen- 
tuated the problem considerably. 
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CONCLUSIONS AND SUGGESTIONS 

The arid zone of India and Pakistan is a very fascina- 
ting area for scientific investigation regarding what 
it has been in the remote past and what it is becoming 
in the present period. Great changes of climate and 
culture have taken place in the arid regions, and the 
dry zone of the Indian subcontinent is no exception. 
Recently it has been contended by many geologists 

that the last phase of the change from humid to the 
dry climate in the north-western section of the Indian 
subcontinent took place with the final retreat of the 
ice to the north. The advance of the ice is rightly 
supposed to have spread moist conditions to all the 
adjoining areas and that with the retreat of the ice 
moist conditions disappeared and aridity stepped in 
instead. It is interesting to note that according to 
many authors the northern limit of the present dry 
region coincides with the southernmost limit of 
glaciation thus indicating a relation between the two. 
The changes during prehistoric and historic times 

have been equally vital and noteworthy. The river 
terraces in Potwar in this dry zone first became the 
home of man in this part of the world. M a n  changed 
over from food-gathering to food-production during 
the early prehistoric times and gradually made further 
advances and improvements in the agricultural land 
use and in the techniques of farming. It must be 
noted that agriculture was entirely confined to the 
river valleys, whilst the upland plains (or the ‘bars’) 
were the scene of a nomadic herding economy during 
this period. It is the advance of irrigation agriculture 
along the valleys which led to surplus production 
which in turn became the basis of an urban civiliza- 
tion. The ruins of cities, the remains of irrigation and 
the drainage works, and the pattern of houses, as 
revealed by recent excavations, all point to the 
development of an advanced civilization in this region. 
The society was matriarchal. The destruction of such 
an advanced urban yet agricultural civilization 
represents one of the most serious turning points in the 
history of this region. The forces which laid the 
civilization in ruins are far from clear and are the 
subject of much controversy. Some believe that 
the axe of destruction was brought by climatic 
changes, whereas others attribute the disaster to 
changes in the courses of rivers which were the life- 
blood of the people. Still others think that the ruina- 
tion of the entire civilization was brought about 
by the invaders from central Asia and the west. 
The invading tribes introauced new values of life, 
changed social and cultural traditions and changed 
the very sources of livelihood. Thus the Aryans, 
after their arrival in this region, gave stimulus to 
pastoralism and introduced a patriarchal society. 
During the British rule the development of canal 

irrigation brought a very significant turning point 
in the life of a large part of the area. The very ‘bars’ 

which were the scene of nomadic herding and sup- 
ported only a sparse population became the granary 
of the subcontinent and the home of prosperous 
farmers. So vital is water to the farmer that in the 
driest parts irrigated land along the river is the only 
cultivated land and there is a sharp knife-edge 
boundary between the irrigated and the unirrigated 
and thus uncultivated barren land. 
Apart from water, another serious problem facing 

large parts of this region is that of wind erosion, 
Because of the consistency and the strong nature 
of the south-west monsoon winds, a large amount 
of fine soil from the cultivated fields is being removed 
every year causing a scarcely perceptible but never- 
theless enormous loss. Also every year these winds 
are drifting tremendous amounts of coarse sand which 
is deposited over fertile fields rendering them useless. 
This problem has become alarming in recent decades. 
In the light of the difficulties and problems experi- 

enced by man at different points in time in this region 
a few suggestions are warranted. The most important 
of all is the extension of irrigation. Not only does 
the extension of irrigation help in bringing new areas 
under the plough but, by supporting plants and crops, 
the soil is saved from the menace of wind erosion. 
Plans are already under way to reclaim many parts 
of Rajasthan by introducing irrigation into them. 
What a great miracle can be worked by irrigation 
is to be seen in the Ferozepur, Hissar and Bikaner 
districts in India and the ‘bars’ in west Pakistan. 
Wind erosion should be checked by setting up 

windbreaks, planting and maintaining more trees 
and shrubs, contour ploughing and contour bunding. 
T o  make better use of the marginal areas of the 

dry zone, experimental farms should be set up where 
new and better techniques of dry farming m a y  be 
evolved and demonstrated to the farmers of the 
local areas. In the spread of such scientific knowledge 
the agricultural extension service department can lend 
great help. On such farms research may be carried out 
not only on evolving new techniques but also on new 
crops for which the conditions may be suitable in such 
areas. This seems to be a very fertile area of research. 
Apart from the research on the agronomic problems 

at the experimental farms, there is a dire need for 
the universities to start research into the socio- 
economic problems of these dry areas. Each university 
may specialize in a particular area and co-ordinate 
with other universities where work on other aspects is 
done. Co-ordination between the various fields of study 
is very essential to get an integrated picture of the 
problems and remedies. Scholars should be encouraged 
to do extensive field work and to collect first-hand 
information which otherwise is so much lacking. 
If close attention is given to this vast area suffering 

from dry conditions, and efforts are made to overcome 
the barriers, there are certainly possibilities of a much 
better utilization of the land. 
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PECULIARITIES OF THE NATURE 
OF THE ARID ZONE OF EURASIA 

Europe and Asia constitute the largest continent 
on our planet, with an area of 51.6 million square 
kilometres. Eurasia and Africa together form, as it 
were, a single giant land mass in the Eastern Hemis- 
phere, with comparatively small inland seas-the 
Mediterranean, Black Sea, Caspian Sea and Aral Sea. 
The continental character and dryness of the climate 
on the mainland is more marked the greater the area 
and the farther away from the shores of seas, where 
the influence of the ocean is least apparent. Europe, 
Asia and Africa constitute about 60 per cent of the 
whole of the dry land on the earth's surface. The 
central parts of Africa and Asia are hundreds and 
thousands of miles away from the shores of the Arctic, 
the Atlantic, the Pacific and the Indian Oceans. 
The moisture circulating in the air over Africa and 

Eurasia, coming from the ocean, falls in the form 
of abundant atmospheric precipitations in the tem- 
perate maritime zones. Inland, the atmospheric pre- 
cipitations progressively decrease. The damp forests 
along the ocean borders give place to forest steppes 
and steppe lands. In those parts of Eurasia farthest 
away from the ocean, along the horizontal axis of the 
continent (latitudes 50'-20') lie the and zone plains, 
with a total annual rainfall of between nil and 400 mm. 
South-westwards from Eurasia, this zone continues 
across Arabia and the whole of North Africa. The 
ultra-arid deserts of Central Asia, the semi-deserts 
and steppes of north-west China, Mongolia, Kazakh- 
stan, Uzbekistan, Turkmenistan and Azerbaijan, 
the Volga region and the Black Sea area constitute 
the main and the greater part of this belt. To the 
south and west, the Afro-Asian desert and steppe- 
belt extends into northern India, Pakistan and 
Arabia, taking in the shores of the Mediterranean Sea 
(both European and African). 
The climate of the arid zone of Eurasia is charac- 

terized by sparse rainfall throughout the year, very 
hot summers and warm dry autumns; but, unlike 
the arid zones of Africa and the Mediterranean area, 
the Eurasian arid zone has cold winters when mini- 
mum temperatures fall as low as 25"-30' below zero, 
the soil freezes to various depths, and there is snow 
which sometimes remains lying on the ground. All 
these cold, winter characteristics of the arid zone of 
Eurasia are most marked in Central Asia, the Volga 
area and Siberia, and less marked in the Turanian 
depression, the Caucasus and the southern Ukraine, 
where the winters are very mild and there is sometimes 
no frost at all. 
The general contours and dimensions of the Eurasian 

continent and its mountain chains were established 
as early as the Tertiary era. It is probable that the 
arid climate of Central Asia, the Aral-Caspian depres- 
sion and the Black Sea area was also established at 
that period, and changed little in its general character 
throughout the Tertiary and Quaternary eras; although 
the structure of the mountains, the epeirogenic rises 
and falls, the ice-gover on the mountains and the 
flooding and migrations of the rivers may have altered 
the area and caused minor changes in the nature 
of the Eurasian deserts and steppes. But there is 
every indication that the'arid belt of Eurasia existed, 
and was characterized by marked accumulation in 
the soils of easily soluble salts-gypsum and calcium 
carbonate-as early as the Tertiary era. Thus the 
development of the arid climate dates back tens of 
millions of years. The great geological age of the 
desert and arid climate in Eurasia explains the pre- 
valence in this area of pure salt deposits of Tertiary 
age; the general salinity and gypsiferous character 
of the Tertiary, Quaternary and contemporary 
geological deposits ; the mineralization of the under- 
ground waters in this region; the salinity of both 
old and new lakes; and' the high salt content of 
fossile and contemporary soils. 
The aridity of the central areas of Eurasia was 
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always accentuated not only by the size of the 
coniincnt, but also by the existence of a network 
of extremely high multi-peaked mountain chains, 
whose slopes intercepted the moisture blown in by 
air currents from the oceans. The Pyrenees, the Alps, 
the Balkan Ranges, the Carpathians, the Black Forest 
Mountains, the Caucasian Mountains, the Urals, the 
I-Iimalayan Ranges, the Tien-Shan Mountains, the 
Kunlun Ranges, the Stanovoi Peaks and the Yablonoi 
Mountains act as a kind of barrier preventing the 
moisture from the oceans from penetrating into the 
central regions of Eurasia. 
The ice which in the Quaternary era covered the 

northern part of Eurasia three or four times (the north- 
western region in particular) also formed glaciers on 
the summits of the mountain ranges, At the same 
time it is generally accepted that the climate of the 
central parts of the Eurasian continent, though 
perhaps becoming colder, remained arid. It is possible 
that the aridity of the climate was even accentuated 
in view of the fact that large masses of water became 
solidified, so being excluded from the moisture cycle. 
The melting of the mountain glaciers in the inter- 

glacial periods was accompanied by a rise in the flow 
of river waters, intensification of mountain erosion, 
and increased accumulation of alluvial deposits in 
the middle and lower reaches of rivers and, in parti- 

cular, in river deltas. The number of terraces (three or 
four) along the banks of rivers such as the Volga, 
Ural, Don, Dnieper, Sir Darya, Amu Darya, Kura, 
Kuban, etc., indicates that there were three or four 
periods of alluvial flooding of the depression, but it is 
hard to say whether these periods were the hot and 
dry (xerothermic) periods or the interglacial ‘pluvial’ 
periods-more probably the former. Nowadays also, 
unusually hot summers in the deserts of Central Asia 
normally cause the melting of larger quantities of ice 
in the mountains, with a consequent rise in the ñow 
of ice-fed rivers. 
The theory that the three or four periods of diluvial, 

alluvial and ‘ proluvial ’ 1 accumulation corresponded 
with a timc of dry, hot climate in the steppes and 
deserts of Eurasia is supported by the fact that all 
these sediments everywhere are calcareous, gypsi- 
ferous or contain easily soluble salts, while the ground- 
waters of the sediments are mineralized. 

The formation of the vast diluvial-alluvial plains 
of Eurasia, begun in the Tertiary era, continued 
intensively during the interglacial periods of the 
Quaternary period, and is still not complete. 
A large proportion of the area of the Eurasian arid 

zone consists of vast alluvial plains, formed by the 
1. The term ‘proluviol’ is used in the USSR for delta fiedjments formed by 

temporary rivers. 

> I 

FIG. 1. Paleographic map of the Chany basin. (1) Limits of the basin towards the end of the 
middle Quaternary period. (2) Limits of the basin in the middle of the late Quaternary 
period. (3) Lake Chany and Lakes Sum and Abyshkan shown on maps drawn up in 1894 
(Yadintsev). (4) Present basin of Lake Chany and Lakes Cheblaky and Sum. 
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deposits of the great ancient rivers. Thus, a very 
large part of the purely alluvial and deltaic-alluvial 
plains was formed by the deposits brought down by 
the Danube, Dniester, Dnieper, Don, Donetz and 
Kuban-in the Black Sea area; by the Volga, Ural, 
Kura, Terek and Emba-in the Caspian area; by the 
O b  and the Irtysh-in western Siberia; by the Amu 
Darya, Sir Darya, Murghab and Zeravsan-in the 
Aral-Caspian depression; by the Turufan, Tarim, 
Ili and Chu-in western China, and by the Hwang H o  
and Hwai H o  in eastern China. 
As we know, a large part of the Eurasian arid zone 

is endoreic, being cut off from the oceans. In periods 
when the level of the river water rises, duc to the 
melting of unusually large volumes of the continental 
or mountain glaciers, there is an increase in the area 
of the inland lakes and seas, such as for instance 
the Chany lakes in western Siberia, and the Aral 
and Caspian ‘seas’ in the Turanian depression. The 
transgressions of the Caspian have been particularly 
marked. Thus, in very early times the Caspian (then 
called the Khvalyn Sea) rose to 75 m. above sea level 
(now -27 m.). 
In the drier periods, the area of the lakes and ‘seas’ 

shrank substantially, and they sometimes changed 
their shape or even disappeared altogether (Figs. 1-3). 
The considerable size of the area, on the Eurasian 

plains, covered by lake, alluvial and deltaic deposits 
is the result of this accumulative action of the rivers. 
Together with the ‘migrations’ of the lakes and seas, 
there were also changes in the position of the river 
deltas, which moved frequently, so shifting the points 
of accumulation of their mechanical and chemical 
deposits. 
The discharge of the waters of many of the giant 

rivers of Eurasia was wholly confined within the 
continent, a fact which played a decisive role in the 
formation of saliferous rocks and saline deposits. 
Such for instance was the case with the Volga, Ural, 
Emba, Kura, Terek, Sir Darya, A m u  Darya, Ili and 
Tarim. Others of the main rivers of Eurasia, such 
as the Irtysh, Ob, Yenisey, Hwang H o  and Hwai H o  
in Asia, and the Don, Kuban, Dnieper and Danube 
in Europe, had an outlet to the ocean, but it was 
hampered by the frequent rise and fall of the level 
of the seas, which also led to the formation along the 
lower reaches of extensive lake-deltaic plains. Research 
by Soviet geologists and soil scientists shows that, 
owing to the rises and falls in the level of the Caspian, 
the Volga Delta shifted from Kamyshin (north of 
Stalingrad) to Baku before moving to its present 
position at Astrakhan (Fig. 2). 
Since the end of the Tertiary period, the delta of the 

Amu Darya has shifted a thousand kilometres, and 
its mouth has moved from Krasnovodsk on the 
Caspian to the Aral Sea (see Fig. 3). Generally speaking, 
the Caspian m a y  be said to have been created by 
the Volga, and the Aral by the Amu Darya. 

FIG. 2. Map of the Caspian Sea in the last part of the Tertiary 
period (after V. P. Baturin, 1947). 

The presence of glaciers damming the ñow of the 
Siberian rivers Ob, Irtysh, Yeniscy, etc., led to the 
formation in Siberia of a large lake area. During that 
period, the waters of the northern rivers flowed first 
into the depression of the Aral Sea, thence into the 
Caspian, and from the Caspian along the bed of the 
Manych, into the Black Sea. Thus towards the end 
of the middle Quaternary period there existed, between 
the Irtysh and Ob in western Siberia, a large lake 
region, which became transformed later into the 
network of shallow, disconnected lakes now known 
as Chany. This explains the presence, in western 
Siberia, of widespread clayey lake deposits, peat- 
bogs, saline soils and salt lakes (Fig. 1). The deltas 
of the Don, Kuban, Dnieper and Danube have also 
shifted considerably. 
The extensive stretches of Late Tertiary and 

Quaternary sands in the arid zone of Asia and Europe 
were formed as a result of the deposits brought down 
by the Amu Darya, Sir Darya, Volga, Urd, Terek, 
Don and Dnieper. The loess-type deposits of Central 
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FIG. 3a. Pre-Amu Darya River in the Recent Glacial Period. 
(USSR Academy of Sciences.) 

FIG. 3b. Amu Darya River in the present time. (USSR 
Academy of Sciences.) 

Asia, the Causasus and the Russian Plain consist of 
resorbed ancient alluvial and diluvial deposits brought 
down by these rivers' predecessors and their tributaries, 
as well as by innumerable small rivers and short- 
lived streams. 

The heavy loams and clays of western Siberia, 
Turania and Sinkiang were deposited in the lakes and 
deltas during the periods of transgressions and of high 
water level. 
The Volga and the Amu Darya played an especially 

important part in the accumulative process. At the 
present day the large rivers of the Aral-Caspian basin 
together bring down about 412 million metric tons 
of solid deposits into the lower reaches annually, 
which amounts, over a 10-year period, to a volume of 
about 3 km.3 During the fifteen to twenty thousand 
years of the Quaternary period, the volume and 
quantity of material brought down by these rivers 
reached an astronomical figure-between 4,500 and 
6,000 km.3-which accounts sufficiently clearly for the 
large number of alluvial-type rocks on the plains of the 
Eurasian arid zone. It is important to note, in this 
connexion, that the most essential factors in the 
formation of the alluvial plains of the Aral-Caspian 
region are the Volga and the Amu Darya, which 
together bring down 60 per cent of the alluvium and 
80 per cent of the soluble salts (Table 1). 
Alluvial and lake deposits are likewise prevalent 

Òn the mountainous, endoreic plains of Central Asia, 
where they are responsible for the typical aspect of 
the arid zone of Central Asia. 
However, the landscape of the Central Asian 

uplands differs substantially from that of the arid 
zones of the Turanian (Aral-Caspian) depression. 
The altitude of the latter is mostly between 50 m. 
and 200 m. above sea level, though in some places it is 
actually below sea level (Caspian and Transcaspian 
plains). 
The mountain plateaux of Mongolia and western 

China on the other hand lie at an altitude of from 
500 m. to 1,000 m. above sea level, and constitute 
a series of local endoreic depressions isolated by high 
mountain chains. The central parts of these mountain 
depressions are covered with saliferous lake alluvial 
deposits, fringed by successive lines of foothills of 
coarse sediments deposited by the waters of short- 
lived streams and rivers which have since disappeared. 
The existence in the past of islands of ice-covered 
mountains in this region was followed by the forma- 
tion of deposits from these rivers. 

TABLE 1. Figures for salts and solid deposits in the Aral-Caspian depression 

Chemical discharge Harmful salts Liquid discharge Solid discharge 

Per Millions of Per Miilions of Per Per Millions of Per Per of aolid Km*' cent metric tons cent metric tons cent metric tons cent discharge 

21 100 6 Annual discharge 355 100 326 100 86 100 26 
Volga 256 72 32 10 50 58 156 9 43 28 
Amu Darya 42 12 1U8 51 18 21 11 5 24 3 
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The arid zone of Eurasia has a complicated moun- 
tain structure, the formation of which dates back 
to the pre-Tertiary times; though some of the rnoun- 
tain ranges, such as the Urals and the Mugodjari, 
are even older. For the most part, the mountain 
chains of Eurasia were renewed at the time of the 
Alpine orogenesis, and in most cases continued to rise 
steadily throughout the Tertiary and Quaternary 
eras. The arid zone of Eurasia, and more particularly 
the Central Asian uplands (Mongolia, TibeL, Pamirs) 
are characterized, on the whole, by mountains and 
epeirogenous elevations. The whole of the Turanian 
depression (Aral-Caspian depression), western Siberia 
and parts of the shores of the Yellow, Azov and Black 
seas are subject to simultaneous sinking of the earth’s 
crust operating in different directions. The existence 
of numerous chains of high mountains which have a 
permanent or periodical cover of ice and snow and 
the slopes of which condense the vapour contained 
in the air has been responsible for the creation, in 
Eurasia, of the specific geographical conditions which, 
in turn, have led to the formation of an extensive 
arid zone traversed by abundant rivers (Ob, Irtysh, 
Hwang Ho, Amur, Tarim, Amu Darya, Sir Darya, 
Zeravshan, Volga, Kama, ICuban, Kura, Don, Dnieper, 
Danube), with catchment basins, in most cases either 
high up in the mountains or in the northern forest 
belt. 
The mountains of Eurasia are characterized by 

marked vertical zoning and a sharp bioclimatical 
asymmetry between the outer and inner slopes. 
The inner slopes are always much drier; the deserts 
and steppes on these slopes extend up to an altitude 
of between 1,000 m. and 1,500 m. before giving place 
to dry meadows, whereas on the outer slopes which 
receive most of the atmospheric precipitations, the 
dry steppe and desert belt gives place, at a much 
lower altitude, first to forest steppe and steppe, and 
then to alpine meadows. 
The mountain steppes, forests and alpine meadows, 

on account of their cool climate, abundant water and 
pleasant pasture land, have always attracted the 
cattle-breeders living in the arid zone of Eurasia. 
The waterless character of the plains of the Central 

Asian arid zone compelled primitive m a n  to settle 
near rivers and river mouths, where the struggle for 
existence was much less grim than on the arid steppes 
or, more particularly, in the desert. 
The valleys and deltas of both the small and more 

particularly the large rivers o€ the Eurasian arid 
zone always constituted the most favourable spots 
for primitive m a n  to settle. The shellfish and fish 
in the rivers, lakes and deltas, the animals, the 
culinary roots and the fruits of the abundant plants 
growing on the deltas and floodplains and terraces 
provided primitive man with a reliable source of 
food. The forests lining water-courses on the deltas 
and valleys, and the reeds growing on the floodplains 

supplied fuel and building malerials, and were, 
moreover, teeming with animal life. Cave settlements 
grew up on the sides of the steep river banks. Pile 
dwellings were built amongst the trees along the 
river valleys. It was in the fresh, damp, fertile allu- 
vium in the floodlands and river deltas that the 
first primitive beginnings of agriculture appeared 
(kair and hoe farming). 
The level of the plains of the Eurasian arid zone 

rose in the second half of the Quaternary period, 
either in absolute terms or in relation to the sea level; 
at the same time, the hydrographical network was 
gradually incised, terraces were formed, and the depth 
of the groundwaters increased. Due to the arid 
climate, the sinking of the groundwaters and the 
cessation of high-water flooding resulted in the 
desiccation of the great alluvial plains and the forma- 
tion of steppe and desert zones (xerophytization). 
The settlements of primitive man, under the pressure 
of these geographical changes, tended increasingly 
to be concentrated along the waterways-on the 
river banks, floodlands and lower terraces, in the 
river deltas and river mouths along the shore where 
fresh water flows into the sea. This accounts, in our 
view, for the fact that the earliest centres of human 
civilization in the arid zone were situated in the 
valleys and deltas of the Nile, the Tigris and the 
Euphrates, the Murghab and the Zeravshan, the 
Kura and the Arax, the Amu Darya and the Sir 
Darya, the Hwang Ho, the Hwai H o  and the Yangtse. 
After the xerophytization of the alluvial plains, 

the ancient sand areas became relatively more 
favourable to human life at the early stages of the 
development of society. Owing to their greater 
permeability to water and low moisture capacity, 
the sands in the arid zone, when atmospheric precipi- 
tations are equal, provide more favourable ecological 
conditions than loams and clays. Sands are seldom 
saline, they accumulate and preserve rainfall and 
groundwater more efficiently; and they have a lower 
wilting ratio. Thanks to this fact, the ancient alluvial 
sand areas in the arid zone always have more abun- 
dant vegetation than deserts of saline, alluvial clay 
plains. Sand acacias, poplars and haloxylons, together 
with other species of bushes, constitute a special type 
of desert ‘forest’ which is to be found to this day 
in the ancient alluvial sand areas of Asia. Together 
with the herbaceous plants growing on the sands, 
there are also bushes which have provided cattle 
fodder since earliest times. As a result of centuries of 
destruction of the primitive vegetation by stock- 
breeders and nomads (using it as fuel, building 
material and cattle fodder) the sands began to shift. 
Subsequently these shifting sands with their dunes 
and sandhills encroaching on human settlements, 
became a typical feature of the arid zone. 
The arid zone of Eurasia has most varied soils 

which are characterized by great natural potential 
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fertility especially when there is sufficient natural 
moisture (atmospheric precipitations, non-saline 
groundwater, river AoodwaLer or melted snow) 
or artificial moisture (irrigation, accumulation of 
snow). 
The great natural fertility of the arid zone soils is 

due to the lack of geochemical run-off (leaching out) 
of the elements of plant nutrilion such as is typical 
of the humid tropics and the damp forest areas of the 
temperate belt. On the contrary, the soils of the arid 
zone usually lie in an area of geochemical accumula- 
tion of mineral substances, salts and, in particular, 
the vital elements of plant nutrition. Hence the soils 
of the arid zone tend to be rich in salts of calcium, 
potassium, magnesium, sodium, phosphorus, nitrogen 
and sulphur. They contain in most cases many 
compounds of micro-elements extremely important 
for the life of plants such as manganese, molybdenum, 
copper, nickel, zinc and iodine. In the driest parts 
of the arid zone, in western China, and in the Caspian, 
Turanian and West Siberian depressions, however, 
especially in the vicinity of groundwaters, the soil is 
full of salts detrimental to plants, such as carbonates, 
chlorides, sulphates (in some cases nitrates), and 
salts of sodium and magnesium. The soils of the 
mountain depressions of Central Asia and of. the 
depressions in the deserts of Kazakhstan, Uzbekistan 
and Turkmenistan are particularly highly saline- 
there are extensive areas where the top layer of the 
soil has a salt content as high as 10-20 per cent. 
Here too, there are many salt lakes and areas of salt 
mud, also accumulations of lake salt deposits form- 
ing strata 0.5-1 m. thick. When the salt content 
exceeds 0.5 per cent, the fertility of soils decreases 
considerably; and when the salt content rises above 
1-2 per cent, the soil usually becomes barren, and 
requires desalination. The salinity of arid zone soils 
has always been an obstacle to irrigated farming, 
and the people of these areas acquired valuable expe- 
rience in dealing with this problem. 
In the steppes of Hungary, Rumania, the Soviet 

Union, (southern Ukraine, Great Russian Plain, 
Caucasus, the Volga Region, Siberia), the prairie 
lands of Manchuria and the forest plains of western 
China and Mongolia, there are extensive areas of 
fertile black soil and chestnut soil where dry farming 
has been carried on since the early Bronze Age. 
Saline soils (usually sodic) are found here in small 
patches in depressions or river valleys, in the vicinity 
of alkaline groundwaters. 
On the chestnut soils of the arid steppes of the 

southern Ukraine, Crimea, the Lower Volga, Central 
Kazakhstan and southern Siberia, dry farming was 
pursued, Logcther with cattle pasturing. In these 
parts, farming was developed most intensively after 
the October Revolution, when the introduction of the 
socialist system of land ownership and new agricultural 
techniques made it possible, during the fifties, to take 

over more than 30 million hectares (ha.) of virgin land 
for grain growing. Amidst the prevailing chestnut 
soil in this area there are a few patches of saline soil, 
mostly located on the river terraces and depressions, 
The arid steppes and deserts of the Central ABian 

uplands and the Aral-Caspian depression are covered 
with light-coloured soil containing little humus, and 
frequently characlerized by residual salinity, known 
in scientific literature as ‘sierozem’, ‘grey soil’ or 
‘brown desert soil’. In these arcas we frequently 
come across solonchaks and crustal, alkaline barren 
soil known as talcyyr.1 Farming is possible on this 
grey and brown desert soil only with artificial irriga- 
tion, the first use of which dates back to between the 
third and fifth millennium B.C. It will be possible 
in future to irrigate up to 100 million ha. in this 
area, but irrigation is so costly and complicated that 
before the October Revolution the actual area of 
irrigated land in Asiatic Russia was not more than 
4 million ha.; while the area of land irrigated in 
western China before the establishment of the People’s 
Government was under 20 million ha. 

NON-IRRIGATED FARMING IN THE 
ARID ZONE STEPPES OF EURASIA 

Soviet archaeologists and historians, e.g. Grekov [17],2 
Kiselev [24], Passek [36], Rybakov [4~0], have esta- 
blished that, in early Neolithic times (in the third 
and second millennia B.C.) there existed in the fields 
and steppes of southern Siberia, the southern parts 
of the Dnieper and Dniester basins, the area between 
the Volga and K a m a  Rivers, and the Kuban plains, 
a primitive form of farming. There is every indication 
that this farming was done under a matriarchal 
community system by tribes living a more or less 
sedentary life and inhabiting permanent communal 
dwellings. 
Judging by the excavations of sites of ancient 

towns and villages of the Palaeolithic period in the 
middle Dnieper basin, the main farming implements 
used for working the black soil meadow land were 
spades and hoes fashioned by hand out of stone, 
bone, horn and wood. This farming was combined 
with hunting and fishing, but domesticated animals 
were not yet used in farming. 
The area cultivated was not large and most of the 

farming was done in gardens. The fact that these 
plots were close to settlements guaranteed a high 
and lasting degree of fertility, maintained by the use 
of local manure (dung, human excrement, refuse, 
ashes). Judging by the relics excavated in the ‘ Tripolye 

1. Takyrs: heavy unstructured claycy soila. In summer time their surfnce 
forms a solid crust underneath which the aoil frequentlyretains an incrensed 
quantity of snlts soluble in wnter. In winter when these takyrs get wet, 
they turn into a marshy bop. As regards physienl relief, takyrs can 
perfectly well be irrigated, but ?hey need structural improvement. 

2. Thc figures in brackets refer to the bibliography at the end of the chapter. 
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culture’ settlements on the Dnieper, the main food 
of these people was the meat of domesticated animals 
(sheep and horses), the meat of wild animals living 
on the steppes, shellfish from the rivers (edentates), 
fish and acorns. 
The Tripolyc-type of ancient farming discovered 

at the end of the nineteenth century by the Russian 
archaeologist, B. V. Khvoiko, and investigated by 
Rlrs. T. S. Passek [36], the Soviet scientist, covered 
a large area stretching from the Lower Danube to 
the middle reaches of the Dnieper and existed for 
over a thousand years, from Neolithic times to the 
early Bronze Age. Judging by the seeds found in the 
burial grounds, wheat, barley, millet and rye were 
already cultivated at that time. In the western 
parts of the Black Sea area, farming began even 
earlier (in the middle of the third millennium B.C.); 
farther to the east, in the Don and Volga steppes, 
it began somewhat later (in the second millennium) 
and was apparently confined to the cultivation of 
more &ought-resistant crops such as millet. 
A study of the abundant statistical data on Lhe 

bones of animals discovered in the excavation of 
tombs and settlements belonging to the steppe 
civilization of Neolithic times shows that st.ock- 
breeding began gradually during the hoe-farming 
period. Small animals (sheep, goats) were the first 
to be domesticated, then large, horned animals and 
finally, horses. Thanks to the discovery of the use 
of metal (first bronze and then iron) and the use of 
strong draught animals such as horses and oxen, 
man was able to embark upon plough farming and 
develop nomad Stockbreeding (Liberov [32]). 
Stockbreeding predominated in the dry eastern 

parts of the Russian Plain, whereas in the north- 
western Black Sea areas, cultivation was obviously 
more important. 
The extension of the areas used for vegetable garden- 

ing in the black earth field steppes of the Dnieper 
area was seriously hampered in Neolithic times by 
primitive farming methods, the abundance and 
thickness of the steppe grass and the unusual depth 
and toughness of the steppe sod, sometimes as much 
as 20-40 cm. thick and impenetrable with wooden hoes. 
The invention of bronze and iron tools in the middle 
of the first millennium B.C. in the northern Black 
Sea area, and the introduction of the use of draught 
animals, facilitated the ploughing-up of the virgin 
black earth steppes and meadows, and led to the 
transition from primitive market gardening in small 
plots to field-crop farming on a relatively extensive 
scale. This transition occurred in the steppes of eastern 
Europe in the same way as elsewhere, accompanied 
by the disintegration of the matriarchal community 
and the formation of a patriarchal community due 
to the fact that men wielded the metal instruments 
and tended the cattle (F. Engels). 
The burning of the steppe grass and sod and turf 

apparently constituted an essential, though naturally 
not very desirable, part of this peculiar system of 
‘burnt earth farming. 
The steppes of eastern Europe, the Black Sea area, 

the Volga area and southern Siberia were inhabited 
by many different trihes known by the general term 
of ‘Scythians’, the direct predecessors of the later 
Antes, Alani and, subsequently, Slavs. 
In the seventh to second centuries B.C., the use of 

iron became general amongst the Scythians. Their 
farming implements were made of iron or of wood 
reinforced by iron-a simple plough without mould- 
board, or ralo (which existed in Ancient Greece 
also), axes, knives and the scythes. These implements, 
together with the use of strong draught animals, 
facilitated the cultivation of the virgin black soil. 
The old Scythian plough is represented on coins of 
that period; and remnants and pictures of yokes 
have been found in excavations. It is clear from 
historical and archaeological sources that the Scythians 
in the southern Russian steppes towards the end of 
the first millennium B.C. went in for extensive stock- 
breeding and farming, and used the long-term fallow 
system. They cultivated hard spring wheat and in 
particular millet-one of the drought-resisting plants 
particularly suitable for growing in virgin land 
only recently cultivated. 
Herodotus and Pliny, describing the life of the 

Scythians and Sarmatians, reported that their chief 
foods were wheat, meat. and milk. Very few traces 
have been found in excavations of ancient Scythian 
towns and villages of either rye or oats, which are 
northern climate crops. 
The fact that Scythian farming dates back to a 

very early period and existed in these areas in the 
Neolithic and Bronze Ages is indicated, in the view 
of Soviet scientists, by the Scythian legend related 
by Herodotus. The legend says that in ancient times 
the Scythians received from the heavens a golden 
plough and yoke, a pole-axe and drinking cups. 
The ‘Paralaty’ (ploughmen), a certain tribe of Scythian 
farmers, were supposed to be the direct descendants 
of the people on whom these gifts of the gods had been 
bestowed. The standard of plough farming amongst 
the Paralaty, who lived along the Bug and Dniester 
Rivers, was higher than that of the Scythians in the 
eastern steppes. The main crops cultivated by the 
Scythians were hard wheat and millet, though they 
also grew barley, hemp and flax, onions and garlic; 
and engaged in horticulture, vine-growing and bee- 
keeping (Herodotus, Theophrastus, Emnan). 
Together with field-crop cultivation, stockbreeding 

was also developed in the Scythian steppes. Judging 
by the bones found in excavations, wild animals 
provided only 30-40 per cent of the Scythians’ meat; 
the largest proportion of bones are those of horned 

1. So named after the villnge of Tripolye, ncnr Kiev, where the first sueh 
settlement w n s  excnvnted in 1096. 
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cattle; horses and slieep occupy second and third 
place respectively. In the area between the Dnieper and 
Don and in particular the area between the Don and the 
Volga, the bones of horses and sheep predominate. 
In the western steppes, at the end of the first millen- 
nium, the Scythians were engaged mainly on field- 
crop cultivation and the breeding of pasture herds; 
whereas in the drier, less fertile steppes towards the 
east nomadic stockbreeding was more common, 
instead of hoe farming. 
The agriculture of the Scythians in the Black Sea 

area was so productive that grain was exported to 
Ancient Greece, thanks to the use of the long-term 
fallow system, and to the natural fertility of the black 
earth soil. 
The Scythian farming system was inherited, in the 

first millennium B.C., by various tribes of eastern 
Slavs, and in particular by Kiev RUS (Grekov [17]). 
Roman authors of the first to the sixth centuries A.D.- 
Pliny the Elder, Tacitus, Jordanes, Procopius of 
Caesarea, etc.-speak about the large tribe of farming 
people called the Wends, the eastern section of which 
were known as Antes, the western, Sklavini. Archaeo- 
logical research by Soviet scholars has shown that 
the Antes were an important sedentary farming 
people. The level of their farming was high and they 
cultivated extensive areas of the black soil belt. 
They worked the land with a ralo with an iron 
mould-board, complete with a device for cutting 
furrows and piling up the earth alongside of them, 
besides merely loosening the soil. This implement was 
not capable of turning over and cutting up the soil, 
but it was the closest predecessor of the plough. 
The main crops cultivated were wheat and millet, 
together with a certain quantity of rye and barley. 
Grain was exported in large quantities to Ancient 
Rome, as shown by the Roman objects and coins 
found in the tombs belonging to these tribes, and 
also by the amazing similarity between the old 
Russian and Roman grain measures (both the Russian 
chetveril and the Roman quadrantal equal 26.24 litres) 
(Rybakov [40]). 
About the fifth-sixth century A.D., the first great 

Slav State-that of the RÜs Antes, the forerunner 
of Kiev Rus-made its appearance. Farming and 
stockbreeding played an important part in the 
economy of this great State. The territory of the 
Antes also included the forest-steppe zone which 
was successfully farmed by the hewing method 
(the forest was cut down and burnt on the spot, the 
soil was then ploughed and broken up, and strewn 
with ashes). 
The second half of the first millennium AD. saw 

the appearance of a more advanced type of plough, 
capable of cutting the soil horizontally, so destroying 
grass and weeds; this plough made it easier to bring 
virgin land under cultivation and considerably 
increased crop harvests. At about this period, the 

patriarchal tribal community disintegrated, and was 
replaced by individual family groups forming a 
farming community. Individual landownership waR 
introduced. 
Kiev RUS, in the eighth-ninth centuries, was a large 

feudal State with an even more highly developed 
system of farming, stockbreeding and vegetable 
cultivation. Here we already find the three-field 
system of farming predominating (winter crops, 
spring crops, fallow). The farmers of Kiev RUS used 
a large plough, complete with ploughshares and 
mould-board, of a very advanced type, and cultivated 
winter and spring wheat, rye, millet, barley, peas, 
hemp, flax, Brassica nupus oleiferu, poppies, buck- 
wheat, lentils, beet, onions and garlic. Owing to the 
use of the plough and the use of fallow farming became 
less vulnerable to drought; since the soil was ploughed 
deeper, the weeds were destroyed and the moisLure 
was able to accumulate in the soil left fallow, the 
grain harvest increased. This enabled the Eastern 
Slavs, during the Kiev Rüs period, to spread field- 
crop cultivation eastwards and southwards into the 
more arid steppe regions. 
The economy of Kiev RUS was destroyed in the 

eighth century by the Mongolian invasion of Genghis 
Khan. The historical centres of the Russian State 
shifted northwards, to Novgorod, Vladimir and 
Moscow. A large part of the population took refuge 
in the forests of the northern part of the Russian Plain; 
many settlements were abandoned altogether and 
cultivated land was left to deteriorate. The remaining 
people maintained the standard of farming already 
reached; but, naturally, nomadic - stockbreeding, 
introduced by the Mongols, began to play a more 
important part in agricultural economy of the steppe 
regions. 

T o  sum up, after 200 years’ stagnation, when the 
country was under the Mongolian yoke, the main 
centres of farming shifted to the forest and forest- 
steppe regions. Farming was not resumed in the 
steppes until long after the expulsion of the Mongols 
under the tsarist serf system in Russia, the Ukraine 
and the bordering lands whither people fled in search 
of freedom. 
The tree-hewing system in the forest areas, and 

the three-field system with fallow strips, and the 
long-term fallow system in the steppes were still in 
the sixteenth, seventeenth and eighteenth centuries, 
as before, the main farming systems. With the small- 
peasant serf-labour economy, no technical progress 
was possible, since peasants were the slaves of feudal 
landowners who were not interested in progress. 
This sysLem was based on the principle of plundering 
the natural fertility of the soil, and during this period 
Russian farming was always characterized by small 
harvests, crop failures and famine. At the same time, 
certain progressive statesmen, owners of model 
estates and agronomic experts strove to raise the level 
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of agriculture, recommending and introducing Lhe use 
of fertilizers, multi-field rotation of crops and grass 
sowing. Thus Russian scientific periodicals in the 
eighteenth century were full of articles and discus- 
sions about improving the productivity of farming. 
The articles by A. T. Bolotov, an agronomic expert, 
published in the proceedings of the Free Economic 
Society and in the periodicals The Villager and 
The Journal of Economics, which he himself founded, 
are of special interest and importance; they discussed 
Russian and foreign experiments in farming, and 
recommended the use of fertilizers, multi-field crop 
rotation and land improvement measures. At the end 
of the eighteenth century landowners began to adopt 
a more or less improved system for the use of local 
manure and grass sowing. 
As capitalism developed in the agricultural economy 

of pre-revolutionary Russia and with the advance of 
technical methods in field-crop cultivation, farming 
spread from the original black earth steppes of the 
Ukraine and central Russia. Into the dry steppes of 
the Crimea, the Caucasus, the Volga area and Siberia 
went thousands of settlers seeking freedom from the 
oppression of the land property system. 
In the eighteenth and nineteenth centuries, large 

tracts of virgin land in the southern Ukraine, northern 
Crimea (Taurus steppes) the Volga area and the 
Orenburg, D o n  and North Caucasian steppes were 
brought under cultivation. In addition to the mighty, 
fertile black earth lands, the southern black earth 
areas and the chestnut soil of the dry steppes also 
began to be cultivated. With the development of 
capitalism in town and country, the growth of industry 
and the entry of Russia into the world grain market, 

of the arable land was substantially extended, 
still with the old technical methods, i.e., 

on the strength of the natural fertility of the soil 
only. N e w  ploughs, horse-drawn harvesters and 
threshers were introduced; but the actual farming 
system remained the same : long-term fallow in 
the south, and in the north the three-field system with 
little grass sowing and scarcely any chemical ferti- 
lizers. In the steppe lands no manure at all was used 
(not even dung). More progress was made in the 
nineteenth century in the matter of sugarbeet 
growing in the Ukraine and northern Caucasus, 
where rational crop rotation and fertilizers were used 
on the large private estates. A large part of the area 
under field-crop cultivation in the eighteenth and 
particularly the nineteenth century was in the arid 
steppes, subject to very frequent drought. Natural 
conditions in the black earth steppes and forest 
steppes deieriorated : the southern border of the 
forests land moved several hundred kilometres 
northwards as a result of tree felling; the forest 
steppes became completely de-forested, turning into 
antropogenous steppe lands ; the forest strips along 
the river terraces and on the sands were cut down; 
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forest groves, and clumps of birches and blackthoriis 
in the steppes disappeared altogether. The ploughed 
slopes of the high right banks of the Don, Dnieper, 
Donetz and Volga suffered from water erosion; the 
plains began to be broken up' by ravines; black dust 
storms began to occur regularly in the south and 
south-east of the country; and the sands of the Volga, 
the Don and the Dnieper basins began to shift, 
constituting a threat to fields, villages and roads 
alike. 
W e  know from the records of chsoniclers and 

travellers that there were 38 major droughts on the 
Russian Plain in the period from 994 to 1774, and 
23 major droughts in the nineteenth and the first 
half of the twentieth century. The frequency of these 
droughts increased in the fifteenth and sixteenth, 
and especially in the nineteenth century. The worst 
were in 1885,1889,1890,1891, 1892, 1897, 1901, 1906, 
1911,1914, 1917, 1920,1921 and 1934 (See Buchinsky 
Es]). The drought frequency increased sharply south- 
east of Moscow towards the Caspian Sea (Fig. 4). 
Thus to the south of the towns of Uralsk and Stalin- 
grad, more than 60 years in 100 might well be drought 
years (A. M. Alpatyev). During drought periods, there 
may be two to three months on end without rain, 
with exceptionnally high temperatures (up to 40' C.) 
and a very low moisture index. The summer rain of 
up to 5 mm. a day which sometimes falls in the steppes 
is completely useless in these conditions. 
In the view of Soviet climatologists, the occurrence 

of drought and the form it t is determined mainly 
by the penetration of anti nes from the Azores 
or of Polar air-masses moving south-east into the 
steppe regions. Thus Evseev [15] plotted diagrams 
of the movements of currents of dry air at various 
altitudes on the basis of observations and figures 
(Fig. 5). These diagrams show that the air-masses 
moving towards the south-east parts of European 
Russia and the Caspian depression come from the 
north, north-west and sometimes the north-east. 
The Russian peasants call a sudden drought accom- 
panied by dry, hot winds laden with fine dust 
sukhovei (dry winds). When these sukhovei blow, 
even if the soil is moist, crops may fade or even be 
destroyed altogether within a few days. The relative 
moisture of the air in dry wind periods sinks as 
low as 4-7 per cent, the wind-speed rises as high 
as 5-8 m. per sec. and Wild's evaporation index rises 
to 5-6-8 mm. per 24 hours. In the arid steppe areas 
the sukhovei m a y  blow for as long as 20-30 days on 
end. 
In the deserts of the Aral-Caspian depression there 

may be as many as 50-80 days sukhovei in the vege- 
tative season (April-September). Soviet experts have 
shown that, south of the 48th parallel towards the 
Turanian depression, the prevalence of the sukhovei 
has increased steadily over the years as indicated in 
Table 2. 
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FIG. 5. Charts showing trajectory of air currents in periods of sukhovei (hot dry winds), prepared by M. K. Evseev: (a) at 
ground level; (b) at an altitude corresponding to 900 millibars above ground level; (c) at an altitude corresponding 
to 700 millibars above sea level. 

TABLE 2. Number of days of sukhovei per 10-year period PRINCIPLES AND METHODS 
in Kazakhstan (after Samohvalov [41]) OF CULTIVATION 

OF ARID ZONE SOIL IN THE USSR 
Number of days 

observed April-September) 
Meteorological station Period (perioù The area covered by arid desert steppes in the USSR 

is about 3 million km.2 or 14 per cent of the total area 
of the country. 

Burnoe 1923-1927 16.5 The peoples of the USSR have important achieve- 
ments to their credit in the cultivation of desert and 

1928-1937 arid steppe regions. Fleeing from the wrath of princes 
1938-1947 27.1 and tzars and the despotism of landowners, Russian 

and Ukrainian peasants in search of freedom and land 
Kazalinsk 1888-1897 6.0 migrated to the Terek and the Don, beyond the 

Volga and the Ural, into the Taurus, Caspian and 1898-1907 2.0 
1908-1917 4.5 Kirghiz steppes; settled on the plains of the Caspian 1918-1927 8.0 
1928-1937 17.6 and Kazakhstan, on the foothills of the Tien Shan 
1938-1947 19.1 mountains ; and penetrated into the Transcaspian 

deserts, Semirechye and the northern parts of Khorezm, 
1888-1897 5.2 taking their knowledge of farming with them. The 
1898-1907 10.0 Uzbek, Tadjik, Turkmen and Azerbaijan peoples have 
1908-1917 17.6 inherited centuries of experience of building irrigation 

canals, and have created irrigated oases in the 1918-1927 56.7 

middle of the deserts. 1928-1937 42.7 
84.1 T'o subjugate and cultivate the deserts and boundless 

sandy, saline plains, bring them moisture and cover 
them with the verdure of gardens, crops and pastures 
-such has been the dream of millions of toilers, 
the ideal of patriotic scientists devoting their lives 

In the middle of the fifteenth century, the Russian 
merchant Afanasia Nikitin, at the head of a group 
of fellow merchants, journeyed to the desert shores 
of the Caspian, whence he proceeded alone to India 
sometime before Vasco de Gama reached that country 

In the period between the middle of the fifteenth 

(experimental station) 
20.2 

1938-1947 

According to data collected by the Turkestan meteor- 
ological station the number of sukhovei days in to the study and conquest of the desert. 
the 10 years 1938-194#7 was twice as high as in the pre- 
vious 10-year period, and 16 times as high as in the 
first 10-year period for which data were collected. At 
Kazalinsk also the number of dry wind days increased 
sharply. Similar results were obtained in most parts 
of southern and south-eastern Kazakhstan, down by the sea route. 
to the line Kazalinek-Zaisan. 

Turkestan 
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century and the middle of the sixteenth, lively diplo- 
matic contacts were established between Russia and 
Bukhara and Khiva. In 1694, from the office of the 
Treasury, a merchant named Semyon Malenkii was 
sent to Persia and India with his servant Andrei 
Semyonov. In 1697, according to data collected by 
functionaries, merchants and envoys, Semyon Reme- 
zov drew a map of ‘the earth and the whole of the 
waterless, impassable stony steppe region’. This m a p  
showed all that was then known about the Aral Sea 
area, the Amu Darya and the Sir Darya basin. 
In the reign of Peter I large expeditions made an 

intensive study of North Kazakhstan, the- Caspian 
Sea area, the territory of Turkmenistan and the Amu 
Darya delta. 
The expedition led by A. Bekovicli-Cherkassky 

which, on instructions from Peter I, investigated the 
possibility of diverting the waters of the Amu Darya 
into the Caspian, met with a tragic fate. This expedi- 
tion was sent to Khiva at the request of the Turkmen 
chief Hadji Nepess; but the Khan of Khiva, who 
enclosed the waters of the Amu Darya in the canals 
running through the Turkmen Plains, treacherously 
murdered Bekovich-Cherkassky. 
A more successful expedition was carried out a 

little later by Florio Beneveni, to Bukhara, Persia 
and Khiva. Expeditions organized by the Russian 
Academy of Sciences in the first half of the eighteenth 
century made a useful contribution to the study of the 
Central Asian desert. The results of these expeditions 
were used in drawing up the ‘General Map of the 
Russian Empire ’, an outstanding achievement at that 
period. 
The famous Russian geographers of the late 

eighteenth and nineteenth centuries, P. S. Pallas, 
N. P. Rychkov, G. S. Karelin, I. I. Lepekhin and 
many others besides also made valuable contribu- 
tions to the study of desert conditions. 
In the second half of the nineteenth century came 

the important expeditions made by the outstanding 
Russian biologist N. A. Severtsov, by I. G. Borshchov, 
by A. I. Konshin, by the eminent Russian geographer, 
P. P. Semyonov-Tien-Shansky, and by the well- 
known traveller N. M. Przhevalsky. Outstanding work 
was done during this period also by A. I. Glukhovsky, 
who was the first to investigate means of diverting 
the waters of the Amu Darya, via the Uzboi, into 
the Caspian Sea. Tzarist Russia was incapable of 
apprecialing the brilliant thinking of Glukhovsky, 
who put forward a plan for linking up the Baltic, 
the Caspian and Aral Seas-tzarist officials regarded 
him as a dreamer and put every obstacle in the way 
of the execution of his plans. The works of this great 
research engineer are of value even in our day. 
The outstanding geographers and geologists are : 

P. P. Semyonov-Tien-Shansky, I. V. Mushketov, 
N. M. Przhevalsky, G. E. Grum-Grzhimailo, M. V. 
Pevtsov, I?. K. Koslov, L. S. Berg, and V. A. Obruchev 

-famous for their tireless research on the deserts 
of Asia, their natural wealth and methods of exploiting 
them. 
After the October Revolution, the eminent hydro- 

technical engineers M. N. Yermolaev, F. P. Morgu- 
nenkov and I. G. Aleksandrov investigated the possi- 
bility of using the waters of the Amii Darya, the 
Sir Darya, the Dnieper and the Volga for irrigating 
the south-eastern steppe regions and the deserts of 
the Aral-Caspian depression. F. P. Morgunenkov and 
I. G. Aleksandrov took part in the hydro-technical 
construction work done in the pre-war five-year plan 
for the industrialization of the USSR. 
The soil scientists and botanists S. S. Neustruev, 

L. I. Prasolov, B. A. Keller, N. A. Dim0 and B. B. Poly- 
nov, and theland reclamation specialists M. M. Bushuev 
and A. N. Kostyakov also made valuable contributions 
to the study of desert and methods of developing and 
bringing them under cultivation as part of the socialist 
reorganization of agriculture. 
The deserts and steppes have always exercised a 

fascination for Russian research workers. The deserts 
preserve as it were in their outward appearance all 
the features of ancient times. A scholar looking at the 
deserts can decipher the history of the past in the 
open, bare stretches, the dried-up beds of former 
rivers, the banks and terraces of ancient seas, the 
nature and structure of the soil, and the well- 
preserved remains of buried plants, shells, etc. 
The limits and dimensions of the ancient Ice Age 

waterways; the numerous changes in the level of the 
Caspian Sea, measured in decades of metres; the 
problem of the discharge of the waters of the north- 
ern Arctic Ocean which in ancient times ran across 
the Turghai steppes into the Aral Sea, thence to the 
Caspian, and via the Manych, into the Black Sea; the 
recent and contemporary processes of mountain 
formation; the problem of the natural ‘ desiccation’ 
of the rivers and lakes of Asia; and the laws of salinity 
of soil and water-all these are evident in the dry 
steppes and deserts which provide vivid evidence 
of processes both past and present. 
But the main reason why Russian scientists were 

drawn to the desert was the desire to study the laws 
of desert formation and devise methods for exploiting 
the desert in the interests of the people. They have 
long worked on the problem of transforming nature 
and raising the yield of agricultural crops. The 
Malthusian doctrine of the ‘ over-population’ of the 
earth with its pessimistic conclusions regarding the 
inevitable decrease of fertility of the soil, and the 
‘limited productiveness’ of the earth were entirely 
alien LO Russian science, and met with implacable 
resistance from the best Russian experts. 
The pioneer Russian physiologist, K. A. Timirya- 

zev, made a careful study of the nature of drought- 
resistan1 plants and of methods for dealing with 
drought ancl revealed the falsity of the Malthusian 

. 
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doctrine. In his famous paper on ‘A hundred years 
study of the physiology of plants’ Timiryazev (1901) 
showed that, during the preceding century (nine- 
teenth), whilst the world’s population had increased 
three-fold, the food production had increased four 
times, but that the increase in the means of produc- 
tion of foodstuffs in the current social system was in 
conflict with the means of distribution of those 
foodstuffs. Timiryazev returned repeatedly to those 
problems. In an article on ‘The main features of the 
history of the development of biology in the nine- 
teenth century’, published in 1907, he wrote that the 
practical application to agriculture of biology and 
chemistry would bring about a complete transforma- 
tion in agronomy. 
The geologist, Academician V. A. Obruchev, who 

spent more than 50 years studying the geology and 
mineral products of Asia, made an important contri- 
bution, by his research on the Kara-Kum sands, 
to the solution of the most important problem of the 
cultivation of the deserts. H e  devised and proposed 
measures for dealing with the shifting of sands. 
These measures, which include preserving the natural 
vegetation of the desert, creating an artificial vege- 
tative cover and erecting different kinds of shields 
to provide protection against sand deposits, are still 
valid to this day. But even earlier, in the first half 
of the nineteenth century, Russian scientists had 
done a considerable amount of research and practical 
work on the problem of sand stabilization. 
The pioneer as regards practical methods for 

dealing with the shifting of sand in the deserts, 
V. A. Paletzky, had introduced sand stabilization 
methods along the Central Asian railway as early 
as 1896, and along the Ryazan-Ural railway in 1905. 
The climatologist, A. I. Voeikov, made a first-hand 

study of the problem of irrigation in the desert. 
H e  pointed out repeatedly that irrigation would give 
man a powerful means of controlling vegetation and 
producing large crops. H e  worked out a number of 
important measures for the development of cotton 
growing in Turkestan, and showed that natural 
conditions in Central Asia and South Kazakhstan were 
exceptionally favourable for the creation of new 
irrigated oases where conditions for cotton growing 
would be better than in Egypt. 
Contrary to the views of his contemporaries, Voeikov 

contended that man can exercise an active influence 
on the climate. In order to improve the climate, he 
recommended building various kinds of reservoirs, 
pools and irrigated areas. H e  stressed the importance 
of reducing the useless evaporation of water from the 
surface of reservoirs and of the soil, and insisted that 
water before evaporating must be made to do useful 
work for man: it must be absorbed by the roots of 
plants and, passing through growing plant organisms, 
enter the atmosphere through the leaves, thus partici- 
pating in the creation of organic substances (raw 

materials, foodstuffs, fuel, eic.). It was for this 
reason that Voeikov insisted on the imporiance of 
using river water for large-scale irrigation and planting 
trees round pools and reservoirs. 
V. V. Dokuchaev-eminent scientist and founder 

of modern soil science-devised a plan for changing 
the natural conditions of the steppe regions of Russia. 
This plan included : regulating the flow of the large 
and small rivers of the Russian P1ain;regulating the 
flow of water in ravines and gulleys by making pools 
surrounded by trees; regulation of the water regime 
of steppe watersheds by using pools and hollows 
and planting trees round them; establishment of 
hedges (forest strips) to help collect the snow and 
spring floodwaters; planting forests on sands and 
hillocks ; using artesian waters for irrigation; regu- 
lation of the use of arable land, meadows and forests, 
with a view to establishing optimal crop correlation; 
improvement of methods of working the soil with 
a view to the preservation and use of moisture. 
Dokuchaev was the first to point out that it was 
essential, in order to develop irrigation, to take 
account of all local natural conditions (hydro-geolo- 
gical conditions, condition and nature of soil, chemical 
composition of irrigation waters). 
A. A. Izmailsky, a contemporary of Dokuchaev, 

made a study of the water régime of the Russian 
steppes, and showed that the private property 
farming system of tzarist Russian was plundering the 
natural wealth of the country and so causing the 
gradual desiccation and exhaustion of the soil. 
In his book How our Steppe has Dried Up he wrote : 
‘If we continue to disregard the continuous change 
occurring in the surface on the Russian steppes and 
the gradual desiccation of the steppe soil, there is no 
doubt that the steppes will be transformed before 
very long into an arid desert.’l 
Izmailsky worked out a series of nation-wide 

measures designed to prevent the desiccation of the 
Russian black earth plains, transform the character 
of the arid steppes and eliminate drought. This plan 
included : building artificial reservoirs ; measures for 
retaining the snow and lessening the surface run-off 
of water; creation of large reserves of groundwater; 
planting of tree strips, etc. But both Dokuchaev 
and Izmailsky were perfectly well aware that the 
political and economic conditions of tzarist Russia 
were not conducive to the execution of the measures 
they recommended. 
The Soviet agronomist and soil scientist, V. P. Wil- 

liams, showed that it was possible, by regulating all 
the conditions governing the life of plants, and 
providing simultaneously all the nutriment, water, 
light and warmth they required, to exclude all 
‘limiting ’ factors and through the gradual increase 
of the fertility of the soil, produce ever-larger crops. 

1. A. A. Izmnilsky, Selecied works, Moscow, 1949. p. 71. 
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With simultaneous control of all the factors govern- 
ing agricultural production, Williams contended that 
the ‘law’ of diminishing productivity after expen- 
diture (decrease of fertility) does not and cannot 
operate. In his doctrine regarding the formation of 
the soil, great importance attaches to the problem 
of the encroachment of deserts and steppes on to 
former black soil and forest regions. Examining the 
geological and biological cycles of minerals, he came 
to the conclusion that the preservation of mineral 
combinations in the biological metabolism sys tem 
slows down the accumulation of salts in oceans and 
continental depressions ; that the best means of 
preserving substances in this rotation system on 
arable lands, of reducing surface discharge and 
preserving moisture in the soils and subsoils of steppe 
watersheds, and of protecting fields from being washed 
or blown away (erosion) was to introduce grassland 
agriculture. The grassland agriculture, recommended 
by Williams for preventing drought, includes features 
proposed by Voeikov, Dokuchaev and Izmailsky 
(forest strips planted round fields and reservoirs, 
forest plantations on watersheds) ; it also includes the 
introduction of crop rotation (planting arable fields 
periodically with cereal and leguminous plants, 
which enrich the soils with organic substances and 
substances required for the mineral nutrition of 
plants, besides giving the soil the capacity to retain 
water and improving the water régime of the region) 
and the rational use of soil and fertilization. 
Another leading Russian agronomist, I). N. Pryanish- 

nikov also laid great emphasis on the important 
changes obtainable in the topsoil by judicious grass 
sowing and use of fertilizers. On the basis of the 
work of Russian soil scientists and of his own classical 
research on the nutrition of plants and the part 
played by fertilizers in increasing their yield, Prya- 
nishnikov worked out a theory for the biological 
improvement of the soil by nitrogen, involving the 
use of leguminous plants in correct crop rotation, 
and a fertilization system applicable to the various 
types of soil and agricultural economy in the USSR. 
H e  showed that the Malthusian doctrine under- 
estimated the importance of agrotechniques and in 
particular of fertilization in producing higher agricul- 
tural productivity. 

Finally, mention must be made of the very impor- 
tant research done by the Soviet soil scientist, physi- 
cist and chemicL, Academician K. K. Gedroits, who 
solved the theoretical problem of transforming the acid 
podsol soils of forest zones by chalking, and so 
increasing their fertility. For the arid zone, he worked 
out a method for improving the alkaline saline soils 
found in many parts of the steppes and semi-deseri 
areas, large tracts of which are now irrigated by the 
waters of the Volga, the Dnicper and the Don. After 
establishing the chemical and physico-chemical cha- 
racter o€ the alkali soils, Gedroits showed that these 

soils could be quickly and radically improved by 
application of gypsum. This is now being done in the 
steppe areas of the Soviet Union. 
The dreams of pre-revolutionary Russian scientists 

are coming true in the Soviet Union. The research 
done by Russian scientists with a view to transform- 
ing natural conditions and increasing the yield of 
plants has been developed and the results obtained 
put into practice on a wide scale, Collective and State 
farms equipped with the latest techniques, as well as 
hundreds of experimental stations and institutes are 
now dealing with the problem of bringing new lands 
under cultivation in the steppes and deserts of the 
USSR. From the very earliest times, in the irrigated 
farming areas of Central Asia, trees were planted 
along the irrigation canals, and the irrigated fields 
were skilfully levelled out so as to distribute the irri- 
gation waters more evenly. For improvement of the 
sandy soils, people in these parts from ancient times 
used clayey, earthy fertilizers, and improved the 
takyrs by the addition of sand. 
M a n  has a centuries-long experience of detecting 

fresh underground water and there are many different 
methods of obtaining such water, building under- 
ground conduits and small irrigation canals, irrigating 
various types of soil, producing good strains of agri- 
cultural plants, building earth works on irrigated lands, 
and improving irrigated solonchaks. Soviet scientists 
are now making a careful study of this local practical 
experience, and striving to make use of all the lessons 
m a n  has learned in his fight against the desert. 
The network of experimental stations set up in 

the Ukraine, the Caucasus, Central Asia, the Black 
earth areas and the Volga area since the revolution, 
work in close co-operation with the State and collec- 
tive farms in these regions. Thanks to this co-opera- 
tion, many practical projects for the transformation 
of steppe and desert lands have been based on and 
developed by the scientific work of the experimental 
stations and scientific research institutes, which, 
in their turn, have had their theories put into practice 
by progressive collective and State farms. The close 
co-operation between theory and practice has resulted 
in the solution of many problems concerning the trans- 
formation of natural conditions and the improvement 
of the vegetative cover of the steppe and desert areas. 
The USSR has now adopted a definite theory on 

the principle of transforming the arid zone in the 
interests of a socialist society. Although the determin- 
ing factor in the development of a society is not the 
geographical environment but the method of produc- 
tion, the geographical environment can affect the 
speed of a society’s development. 
In solving the problem of the general progress 

of the country as a whole, based on Lhe building of 
communism, the Soviet Union is radically changing 
the geographical environment, artificially crealing 
a more favourable climate and more ferlile soils, 
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building new reservoirs and waterways, and introduc- 
ing new types of plants and a new vegetative cover. 
The natural environment, under the influence of 

the transformations brought about by man in a 
socialist society, becomes a factor which accelerates 
the rate of development of the country’s productive 
forces, and leads to the production of an ever-increas- 
ing quantity of material goods, and to the creation of 
universal plenty. 

PRINCIPLES OF A SIMULTANEOUS 
ALL-ROUND ACTION O N  N A T U R A L  CONDITIONS 

The only way in which it is possible to transform 
natural conditions completely and lastingly is by 
carrying out a whole series of measures influencing the 
various natural factors of a region, simultaneously 
and in accordance with a co-ordina.ted, scientific 
programme covering a considerable area. 
The new hydro-technical works, the giant reservoirs 

on the Volga, Dnieper, Amu Darya and Don, the 
irrigation and watering of areas as large as 30 mil- 
lion ha. will exercise an immense and beneficial 
influence on the physical and geographical conditions, 
the geochemical processes and the biological situation 
of a large part of two of the world’s continents- 
Europe and Asia. 

Europe and Asia have an area of 51.6 million km.2. 
The Caspian and Aral Sea basins have a total area 
of about 4 million km.2. If we add to these the basins 
of the Dnieper, the Don and other rivers which it is 
also proposed to use for purposes of irrigation, the 
irrigated area will represent some 5-6 million km.2, 
i.e., over half the total surface of Europe and about 
10 per cent of the surface of Europe and Asia com- 
bined. 

CONTROL OF PROCESSES IN T H E  BIOSPHERE 

Radical and beneficial changes are being brought 
about in the biosphere. Agriculture and forestry are 
based on the exploitation of the biosphere, i.e., 
on the use of the vegetative cover, plants and living 
organisms and microbes for the production of organic 
substances for food and industrial purposes. 
In the extensive measures being taken for the 

radical improvement of natural conditions in the Soviet 
Union great importance is attached to the control 
of processes occurring in the biosphere. In solving 
the problem of transforming and controlling the 
biosphere, Soviet science acknowledges that it is both 
possible and inevitable for living organisms to inherit 
changes brought about by factors in their environ- 
ment. 
Thanks to the Michurin school of agro-biology 

the limits of agriculture in the USSR are being 

extended far to the north and into the dry steppes 
in the south, and making it possible to select and 
create new types of high yield crops capable of deve- 
loping and bearing good crops even in adverse 
envir onment s. 
Thanks to agro technological measures aimed to 

satisfy all the requirements of growing plants, it is 
possible to bring out the best features in various 
types of plants and make them produce maximum 
crops. 
Consequently, Soviet agriculture now possesses 

new types of cotton plants, rice, beet, millet and flax 
with an exceptionally high crop capacity, as well as 
new types of wheat and rye with a crop capacity 
and quality better than ever before. 
It is now possible also to influence the biosphere 

by extensive afforestation transforming natural condi- 
tions. As a result of the planting of eight giant State 
forest belts, carefully distributed over a distance of 
5,320 km. along the watersheds and floodlands of the 
country’s largest rivers, of the planting of forest 
shields round collective farms, and of the stabiliza- 
tion of shifting sands by the creation of a grass and 
tree cover, the local surface microclimate of the 
steppes is being substanlially improved. Green plan- 
tations are being formed along all the large irrigation 
canals, also round the edges of irrigated oases, along 
the sides of roads, around farmsteads, etc. The univer- 
sal introduction of correct crop alternation will 
produce a new unbroken grass cover on the surface 
of arable lands. 
In the dry steppes, formerly uncultivated or 

used as pasture land, 30-32 million ha. have now 
been ploughed and brought under cultivation; a 
snow retention system has been introduced, anti- 
erosion measures are being taken, and wheat crops 
are being grown. 
To sum up, a new vegetative cover is now being 

created in the biosphere of our continent, within the 
borders of the USSR, skilfully planted an sand soils, 
on the river floodlands and terraces and on the slopes 
and plains of watersheds; this vegetative cover is 
producing vast quantities of surface and under- 
ground organic matter, and exercising a far-reaching 
influence on the soil, on the surface and underground 
water discharge, and on the surface microclimate. 

P R E S ER VAT I O N 
OF T H E  UPPER HORIZONS OF T E E  GEOSPHERE 

A N D  TRANS F O R M AT I O N 

All Lhese measures for the transformation of the 
nature of arid zones will have far-reaching effects 
on the upper horizons of the earth’s crust and on the 
soil, With respect to the topsoil, the most important 
and effective means will be anti-erosion measures 
and crop rotation, which will enrich the soil with 
organic substances and bring about the formation 
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of a water-resisting lumpy granular SLructure making 
for greater fertilily. Moreover, the water régime 
of the soil will be improved owing to the elimination 
of useless evaporation of soil moisture, the surface 
run-off of atmospheric waters will be decreased, 
the permeability and moisture capacity of the topsoil 
will be enhanced wiLh a consequent rise in the moisture 
stored in the soil stratum. The now barren saline and 
solonchak soil in the steppes and deserts will, as a 
result of land improvement and irrigation, be trans- 
formed into completely new cultivated, fertile soils 
producing large grain and industrial crops. Extensive 
areas of shifting sands will be stabilized and cultivated. 
As a result of correct fertilization, Lhe reserves of 
valuable nutritional mineral substances will be 
enlarged. The roots left in the soil from the grass 
sown and the use of organic fertilizers will lead to an 
increase of the quantity and effectiveness of useful 
soil micro-organisms. 
The rational utilization of land in collective and 

State farms, the adoption of a correct crop rotation 
system and the planting of forest shields will prevent 
the washing or blowing away of the top fertile arable 
layers of soil (erosion); decrease the run-off of surface 
waters ; decrease the loss of substances dissolved 
in these waters (chemical denudation) ; and protect 
the vegetative cover against the loss of elements 
providing mineral nutrition for plants, which will 
be retained in the tissues of the plants’ roots. 
Besides extending the sphere of action of the 

biological cycle of mineral substances and lessening 
the processes whereby mineral combinations essential 
to plants escape from soils, the extension of the area 
of vegetative cover on arid lands will also provide 
the topsoil with new elements of mineral nutrition. 

CONTROL OF T H E  H Y D R O S P H E R E  
A N D  THE WATER REGIME OF ARID LANDS 

The creation of an extensive new area of vegetative 
cover on dry lands will have important effects on the 
country’s water régime. As a result of the vegetative 
cover on fields, the new forest belts and the improved 
structure of the soil, the moisture of the surface 
water run-off will be retained. The high waters of 
rivers will be reduced and their discharge rate will 
be more regular. 
In the subsoil horizons, thanks to the retention 

of the snow and the reduced water discharge, new 
volumes of fresh groundwaters will be stored, which 
will supply moisture to plants through their roots. 
At the same time, a large network of hydro-geogra- 

phical works is being established. Thousands of 
pools and reservoirs in the higher parts of gorges 
and ravines will serve as sources of moisture for the 
surrounding dry country, as a result of infiltration 
and the formation of groundwaters which will supply 

moisture to strips of trees planted round the reser. 
voirs. 
Large areas of giant new reservoirs have already 

been built on Lhe Volga and the Dnieper, the Amu 
Darya and the Don, above dams and hydrostations; 
and a network of deep water canals (including the 
Kara-Kum, Donets and Volga-Don) combined with 
the large dams and canals constructed in the pre-war 
period (Stalin and Moscow White Sea-Baltic Canals) 
will provide a regular transport system between the 
six seas. In addition, a vast new network of irrigation 
canals has been and is to be built-the Southern 
Ukraine and North Crimea Canal, the Ergeni Canal, 
the Don Canal, the Stavropol Canal, etc. In the steppes 
and deserts where previously there was no natural 
water, there are to be distributory canals tens of 
thousands of kilometres in length. 
The level of two inland seas (Caspian, Aral) will 

be lowered as a result of the drawing-off of large 
quantities of river water for irrigation and watering 
purposes. Since the level of the Caspian Sea has 
already sunk during the last geological period, it 
wiII presumably dry up more quickly than the Aral. 
But Soviet scientists and engineers have already 
worked out various plans for diverting the waters 
of the norlhern rivers (Pechor, Ob, Yenisey) into the 
Aral and Caspian basins. 
The map published by the USSR Academy of 

Sciences in 1958 shows one plan for complete transfor- 
mation of the whole hydro structure of Siberia in 
order to irrigate the Cental Asian desert and regulate 
the level of the Aral and Caspian Seas (Fig. 6). 
These vast hydro projects, which are to be executed 

in the next 20-30 years, will make it possible to irrigate 
a further 20-25 million ha. of land in the deserts of 
Asia. 
Great quantities of irrigation water will flow into 

the parched soil of the semi-deserts and deserts. 
In places where the annual atmospheric precipita- 
tions at present total only 75-250 mm., irrigation 
will add a further 500-700 mm., and up to 100 billion 
m.3 of water annually will flow onto the dry land as a 
result of irrigation. This moisture will then fall again 
repeatedly in the form of rain and dew, bringing 
about important changes in the water régime of the 
arid lands. The old evaporation points of river, lake 
and sea waters will disappear, and be replaced by a 
new and far more evenly distributed network of 
small reservoirs, ponds and canals to exhale moisture 
into the atmosphere. . 
The nature of the processe: of evaporation of water 

on dry land is also to be changed. The predominating 
process of evaporation in the desert and dry steppes, 
serving no purpose for man, is to be replaced by 
evaporation through living organisms, or transpira- 
tion: which is accompanied by the formation of large 

1. Evaporation of wnter through thc Icnvcu of green plnntt;. 
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FIG. 6. Chart of Siberia hydro-projects. (USSR Academy of Sciences.) 

masses of new organic substances providing food, 
or raw materials for industry and fuel. 

TRANSFORMATION OF T H E  G R O U N D  CLIMATE 
IN D R Y  REGIONS 

The transformation of the biosphere, geosphere and 
hydrosphere will give rise to radical changes in the 
local microclimate of the dry regions. The network of 
State forest belts, forest shields planted round collec- 
tive farm fields and along irrigation canals, the 
vegetative cover on sand areas and newly planted 
forests will all have important effects on the ground 
stratum of dry regions. The destructive effects of 
the sukhovei, mists and khamsins which now 
desiccate the unprotected fields and crops will be 
mitigated. Owing to the transpiration of moisture and 
irrigation, the moisture content in the air will increase, 
so improving the resistance of plants during the 
hottest and driest summer period. Important changes, 
though al present difficult to calculate precisely, 
will take place in the country's internal moisture 

cycle characterized by an increase in local atmos- 
pheric precipitations. According to Voeikov, it is 
probable that the eastern Asiatic regions of Soviet 
Russia in particular will receive an increased quantity 
of atmospheric precipitations. The beneficial changes 
in the internal moisture cycle will become more 
marked as the rivers of the Black Sea region and the 
north are more extensively integrated into the irriga- 
tion system. 
The new quantities of moisture passing out through 

the leaves of plants, together with moisture exhaled 
by ñooded fields, canals, new reservoirs and ponds, 
will produce an increase in the moisture content of the 
air at ground level. This will soften the microclimate 
and decrease the effects of drought. 
The changes in the water régime of dry regions 

will affect the heat régime of the topsoil and the air 
stratum at ground level. The surface of irrigated, 
vegetation-covered ground in the former deserts will 
no longer be heated up to lemperatures of 60-70" C. 
as now happens in the case of the denuded surfaces 
of sands and deserts. 
The extent to which local climate can be changed 
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by' irrigation and artificially planted vegetation is 
indicated by the data for the Pakhta-Aral State 
Farm in the 'Hungry Steppe' (see Table 3). 

TABLE 3. Average air temperatures in OC. at 1 p.m. (P. A. 
Vorontsov) 

Altitude in kilometres 
Observation 

point 0.0 0.10 0.20 0.30 0.50 0.57 0.64 0.75 

Hungry Steppe 36.9 34.5 33.4 32.4 30.6 30.0 29.5 28.6 

Difference 4.2 1.8 1.3 1.1 0.8 0.7 0.0 0.0 
Pakhta-Aral 32.7 32.7 32.1 31.3 29.8 29.3 29.5 28.6 

According to P. A. Vorontsov's observations, the 
temperature of the air during the day in July above 
the Hungry Steppe was always higher than at Pakhta- 
Aral. Up to 50 m. the temperature above the Hungry 
Steppe was about 4' C. higher; at 400 m. the difference 
was only 1-15"; and at about 500 m. the temperature, 
at both points was practically identical. 
During the night, the difference between the air 

temperature above the dry steppe and Pakhta-Aral 
was reduced to lo, and this difference existed only 
at less than an altitude of 50 m. 
The creation of a luxuriant vegetative cover over 

a wide area will cause changes in the oxygen and 
carbonic acid contents both of the topsoil and of the 
air at ground level. The quantity of oxygen in the 
atmosphere will increase, and the carbonic acid 
turnover in the synthesization and mineralization of 
organic substances will be accelerated. 

CONTROL OF THE EXCIIANGE PROCESSES 
IN N A T U R E  

Karl Marx, in studying the laws of the development 
of agriculture under capitalism, felt that the main 
cause of the decrease in soil fertility under a capitalist 
system was the destruction of the balance of mineral 
and organic metabolism in nature as a result of the 
widening gap between town and country. '. . . large 
landed property reduces the agricultural population 
to a continually decreasing minimum, and induces 
on the other side a continual increase in the industrial 
population crowded together in large cities. In this 
way it creates conditions, which cause an incurable 
break in the inter-connexions of the social circulation 
of matter prescribed by the natural laws of life. As a 
result the strength of the soil is wasted, and this 
prodigality is carried far beyond the boundaries of a 
certain country by commerce.' 
This 'incurable break' can only be healed if the 

character of society and the means of production are 
changed : '. . . socialized man, the associated produ- 
cers, regulate their interchange with nature rationally, 

bring it under their common control instead of being 
ruled by it as by some blind power . . .'.2 Under a 
socialist system, the conflicts between town and 
country disappear, as do also the causes for the 
destruction of the normal metabolism in nature 
occurring under a capitalist system. The vast expan- 
sion of socialist industry supplies the country's agri- 
culture with the chemical fertilizers it requires and 
brings into the metabolism cycle inexhaustable 
quantities of mineral nutriments for plants which 
have been stored away for millions of years in the 
recesses of the earth's crust. 
Rational farming and forestry also exercise a 

favourable influence on organic and mineral meta- 
bolism, a factor in the -preservation of soil and the 
increase of its fertility. With correct crop rotation and 
afforestation, vast quantities of mineral elements for 
the nutriment of plants are preserved in the biolo- 
gical metabolism cycle by being extracted from the 
geochemical stream bearing them away into the ocean. 
With carefully planned development of all branches 

of agriculture, and rational exploitation of agricul- 
tural by-products, ploughed back into the soil to- 
gether with new fertilizers, the metabolism cycle 
in nature can be regulated as required. 
W e  describe below some technical methods for 

increasing the moisture content of the soil and using 
arid lands for non-irrigated, dry farming. 

Deep autumn ploughing 

It has been proved that the storage of moisture in the 
soil improves with the depth of ploughing, and that 
the amount of moisture lost by evaporation decreases 
accordingly. In pre-revolutionary times horse-drawn 
ploughs were able to plough down to a depth of 
8-12 cm. only. When thus ploughed, the permeability 
of soil to water remains low, weeds grow up more 
quickly, and unabsorbed moisture runs away causing 
erosion, or evaporates quickly. Deep ploughing at the 
beginning of the autumn enables the soil to hold, 
absorb and retain the moisture from the autumn rain, 
winter snow and spring thaw. The universal intro- 
duction of autumn ploughing, with powerful tractor 
ploughs, to a depth of 20-25 cm. in collective and State 
farms throughout the USSR has brought about a 
radical improvement in the water régime of soils. 
In places where, with shallow ploughing, crops died 
of drought, deep ploughing now enables fine crops 
to be harvested (southern Ukraine, Volga area, 
southern Urals). 
During the past decade a number of Soviet scientists 

have been working on the construction of new ploughs 
to enable the soil to be ploughed periodically to a 
depth of 50-70 cm. Dr. G. Chikaliki's many years' 

1. K. Mars, Capital. Translated into English from the first Germnn edition, 

2. Ibid. Vol. III. p. 954. 
1909. Vol. III. p. 945. 
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experience in the Crimea, southern Ukraine and the 
Caucasus showed that super-deep ploughing is -cep- 
tionally effecLive in black earth soil in drought condi- 
tions. Further, the practical experience of T. Maltsev, 
the collective farming expert, in western Siberia, showed 
that deep ploughing (up to 50 cm.) is one of the best 
remedies against drought. In alkaline, saline southern 
steppe soils, deep ploughing, turning over and mixing 
up the soil horizons, destroys salinity and constitutes 
one of the best methods of improving alkaline soils 
so far tried out in the southern Ukraine and the 
Volga area (V. Kovda, A. Antipov-ICarataev, G. Sam- 
bur). 

Snow retention on Jields 

The steppes of the southern and south-eastern Russian 
plains, southern Siberia and Kazakhstan are covered 
in winter with a blanket of snow and the soil freezes 
hard to a considerable depth. Snow and wind storms 
sweep the snow from the flat surface of the fields 
into ravines, valleys and depressions ; snowdrifts form 
against fences and buildings, on the borders of forests, 
in gardens and round trees. The shallower the snow 
blanket, Lhe greater the depth to which the ground 
freezes. D a m p  frozen soils have a low water permea- 
bility with the result that the snow water in spring 
flows away. When the snow carpet is thick, the soil 
absorbs a greater quantity of moisture, which then 
seeps farther into the ground. Winter crops thrive 
better under a blanket of snow. It has been proved 
both in practice and by scientific experiment that 
crops in the arid zones are always better the longer the 
snow is retained on the ground. Soviet farmers and 
agronomists have devised various methods of retain- 
ing snow on the fields. If the earth from autumn 
ploughing is left to form piles, it produces an uneven 
surface conducive to snow-retention. Leaving rows 
of high stubble lying on the fields when ploughing 
up fields of maize, sunflowers and Manchurian millet 
is another very effective way of retaining snow on the 
fields; so is the erection in Gelds, in winter, of shields 
made of straw, branches or planks. Ploughing up the 
snow surface with tractor-drawn snow-ploughs makes 
it uneven so that more snow piles up; and less of the 
melted snow in spring drains off the fields. 

Dead fallow and strip-sown fallow 

Dead fallow, which consists in a repeated loosening 
of the soil, constituhs a well-tried method for des- 
troying weeds and is particularly effective in dry 
farming. Dead fallow not only destroys the weeds, 
which suck up the moisture from the soil, but also 
makes it possible to store up, in fallow periods, the 
moisture from the rain falling during the year and 
place it at the disposal of winter or spring crops. 
Dead fallow fields always produce abundant crops; in 

drought years, crops are always better there than when 
grown on ground used the previous year for other 
crops. The dead fallow system is particularly effective 
against drought when used in conjunction with deep 
ploughing and snow retention. For snow retention, 
fallow ficlds are sown with widely spaced-out strips 
of sunflower, maize, sorghum and Manchurian millet, 
which yield crops and also improve the water régime 
of the soil. The effectiveness of the dead fallow system 
is due not only to the storing-up of moisture but 
also to other factors including the storage of nitrogen 
in the form of nitrates, the thermic processing of the 
earth under the influence of the rays of the sun, and 
the destruction of pests and weeds. 

Forest strips for protection of jîelds 

Even before the October Revolution, Russian scientists 
following the example of the most progressive land- 
owners, and using the results obtained by experi- 
mental stations, discovered that it was possible to 
improve the local microclimate and protect the 
fields from drought by planting forest strips along 
the edges of fields in the steppe areas. Some fifty or 
sixty years ago, Dokuchaev planted forest shield 
strips experimentally in the Stone Steppe (Voronezh 
province). The Dokuchaev Agricultural Institute has 
now been established in this region. The forest strips 
have grown into large patches which have substan- 
tially improved the local ecological conditions. The 
crop harvest on fields protected by these forest strips 
is always larger (especially in drought periods) than 
in the surrounding areas. 
Since the Revolution, Soviet farmers have acquired 

a great deal of new scientific and practical knowledge 
in this field. Forest strips and the fields they protect 
have been discussed and examined by climatologists, 
physiologists, soil scientists, agronomists and forestry 
experts. It has frequently been proved in practice 
and confirmed by minute scientific research that 
forest strips slow down the wind speed at ground 
level over a distance of 15-20-30 m., i.e., 25-30 times 
the height of the trees. Forest strips also cause snow 
to pile up on fields and increase the moisture content 
of the soil and the air above it by several per cent. 
The temperature of the air above fields protected 
by these shields is from loto Z0 C. lower than the sur- 
rounding air. All these are important factors in proteet- 
ing plants against dry winds and ensuring good crops. 
Establishing forest strips is not easy. During the 

first few years the young shoots are vulnerable to 
pests and weeds, they suffer from drought and need 
careful attention. After 4-5 years, however, the posi- 
tion changes. The growing trees already begin to hold 
the snow and thereby create a more favourable micro- 
climate. Year after year more forest strips are being 
planted in the fields of State and collective farms in 
Lhe forest steppe and steppe regions of the Soviet 
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Union. Fine examples of forest shields are to be 
seen in large parts of the arid steppes around Stalin- 
grad and Salsk, in the Volga steppes, in the southern 
Ukraine and in the northern Caucasus. As part of a 
grandiose experimental project, State forest strips 
are being created along the watersheds of the Volga, 
Ural and Don. This is a long-term project. In the arid 
Volga steppes near the village of Djanybek (n0rt.h of 
Lake El’ton) this work has been in progress since 19419 
under the scientific supervision of the USSR Academy 
of Sciences (Soil Institute, Forestry Institute, etc.). 
In these semi-desert steppes remarkable results have 
been obtained. State forests and shield strips have 
been planted, and saline steppes brought under 
cultivation and made to produce crops. The scientific 
works published by the USSR Academy of Sciences 
containing details of these operations deserve careful 
study as exact factual records. The experts of the main 
geophysical observatory of the USSR came to the 
conclusion that forest shields should be sufficiently 
sparse to allow the wind to seep through them rather 
than leap over them. Forest shields on this pattern 
(‘ open-work shields ’) give maximum effectiveness in 
slowing down the wind speed, and do not create 
violent local air currents and funnels, so enabling 
the snow to pile up more evenly (M. I. Yudin). 
Zakiev [52], after studying the experiments in tree- 
shield planting in the Salsk steppe (northern Caucasus- 
Don), came to the following conclusions : ‘ The present 
position as regards forest strips indicates that it is 
essential to carry out the following measures, which 
should be borne in mind in future : (1) the distance 
between forest strips in the Salsk steppe should be 
increased to between 450 and 500 m.; (2) the width 
of the forest strips should be reduced to between 
15 and 20 m.; (3) the number of rows of trees in the 
forest strips should be between 5 and 7 (instead of 9 
and more as at present); (4) the edge of the forest 
strip should be rounded off with bushes; (5) forest 
strips must be systematically cleared; (6) the meteoro- 
logical effects of forest plantations in the Salsk steppe 
could be increased if combined with irrigation of the 
fields between them. ’ These conclusions are of general 
significance. 
On the basis of the experience of the Soviet 

Union, protective forest strips are now being widely 
planted in the steppes of north-western China, the 
plains of Manchuria and western China, Rumania 
and Hungary. 

and transforming them wherever possibIc into small 
reservoirs or pools. It is possible, by leaving the soil 
on the slopes near the top of ravines unploughed and 
planting grass there, by planting young trees on the 
steep slopes of the ravine, and by planting young 
willow shoois in the bottom of the ravine to act as a 
stopper, to prevent the top of the ravine from being 
washed away and turn it into valuable land. Another 
useful measure is to build small dykes in ravines and 
gullies in order to contain and preserve the flowing 
water, and provide drinking water for men and cattle, 
as well as for vehicles-a very important point in the 
desert and steppe areas. Fish and water-fowl can 
be reared in these reservoirs; and the water is used 
for irrigation of fields and small allotments. Lastly, 
these pools feed the underground waters which 
supply water for wells and for the roots of trees. 
Thousands of pools fed by local water sources have 

been and are being built by collective and State 
farms in the steppe regions of the USSR, Hungary 
and Rumania. Extensive work on the afforestation 
of ravines and the building of small reservoirs is being 
done in the north-western forest areas of the People’s 
Republic of China. 

‘Depression farming’ 

The semi-desert dry plains in the south-eastern part 
of the USSR are dotted with flat, oval, shallow 
depressions called by the Russian peasants in the 
past padiny, formed as a result of a ‘subsidence’ 
process (su$ossio). The size of these depressions 
varies between 0.25-0.5 and 10-12 hectares, and their 
total area constitutes 3-5 per cent of the surface of 
the dry steppe region. Snow, rain and the meking 
snow water in spring in the semi-desert collect in these 
depressions; they thus receive an extra 300-500 mm. 
of moisture in addition to the atmospheric precipi- 
tations, which in this area total 250-300 mm. a year. 
For this reason, the soil in these depressions contains 
no salts, has a 6-5 per cent humus content, is 100- 
120 cm. thick and resembles black earth soil. Wells 
sunk in these depressions usually yield good fresh 
water; they are planted with fields and vineyards 
and trees. With the ordinary agrotechnical methods 
they produce excellent crops of wheat, beet, maize 
and melons. The agricultural activities carried on in 
these depressions include cattle-breeding, the main 
agricultural occupation in the dry steppe areas. 

Stabilization of ravines and formation of small pools 

Ravines, besides harming arable areas by washing The experience of depression farming in the arid 
away soils and sub-soils are detrimental to farming zones in the south-east of the USSR gave farmers 
because they dessicate the soil, increase the depth and scientists the idea of attempting to redistribute 
of the groundwater (like drains) and intensify the and regulate the discharge of rain and snow water 
effects of drought. Measures for dealing with drought so as to provide more moisture for arid lands. On the 
must therefore necessarily include stabilizing ravines long gentle slopes, in the Trans-Volga steppes, measures 

‘Liman’ irrigation 

194 



Land use development in the arid regions of the Russian pluin, the Caucasus and Central Asia 

were taken as long as 75-100 years ago to build a 
f system of ramparts, running horizontally along the 

sides of the slopes. These ramparts were 2-2.5 m. 13 
d 

I .? J 
high and about 4-5 m. wide. In some cases they were 
accompanied by a second and a third row of lower, 
narrower ramparts, and they were often equipped 
with drain-holes. The snow and rain water flowing 
down the long slopes is caught and held by these 
ramparts, and gradually distributed over the topmost 
tiers of the field. This system is known as ordinary 
or multi- tier liman irrigation (multi-tier if there 
are several rows of ramparts, one above the other). 
Along each rampart a considerable quantity of water 
collects, seeping deep into the soil and washing away 
noxious salts. Crops on fields irrigated in this way 
are always more abundant than in the surrounding 
areas. This type of irrigation usually produces good 
pasture and hayfields. 
However, since the moisture is unevenly concen- 

trated (large quantities along the ramparts, less 
up the slopes) the crops are not evenly distributed. 
In very dry years when there is no snow, crops on 
these fields naturally yield a smaller harvest; but 
this method or irrigation is, generally speaking, so 
effective and cheap that collective and State farms 
in the south and south-east of the USSR are using 
it over an area covering thousands of hectares, and 
there are plans for applying it to a further 2 million 
hectares of arid land. 
Another variety of depression farming found in 

the desert of Turkmenistan is the so-called khaki 
farming (Dzhumaev [13]). After rain in the mountains, 
streams course down the slopes of the Kopet Dag 
Mountains on to the desert foothills, pouring their 
waters always into the same places, known as khaki. 
When they have dried out a little, these khaki are 
ploughed-up and used for cultivation of crops. 

Trench agriculture 

Up to 80 million ha. of the deserts and dry steppe 
areas of the USSR consist of sand soil. Of this area, 
up to 5 million ha. have fresh groundwaters near 
the surface. In these areas w e  find Lasiagrostis 
splendens, Eragrostis arundinacea, Elymus aralensis 
and other plants growing in the meso-relief depres- 
sions amidst the sand ramparts. The Soviet scientist 
E. Malyugin [33], in 1937-1939, devised and put into 
practice a method for cultivating vegetables (cabbage, 
cucumbers, tomatoes, etc.) in wide trenches (1.5-3 m.) 
and 1.2-1.5 m. deep. Figure 7 shows the preparation 
of these trenches and gives Malyugin's descripton of 
the process. Crops grow and give an excellent yield 
in a very arid climate, sucking up the capillary 
moisture of the water-bearing horizon through their 
roots. 
An even more interesting project is that of growing 

plants on sand along the seashore by using the lens 

FIG. 7. Successive stages in the digging of trenches on meadow 
calcarous soils in sandy areas by the method devised at the 
Aral Experiment Station. (After E. Malyugin, 1939.) 
1. The top humus layer of the soil (0.2-0.3 m. thick) is removed 
from the whole of the trench area and piled up on a narrow 
strip (3-4 m. wide) between the trenches. 
2. The main trench, 0.6-0.7 m. wide (never narrower than 
0.5 m. in any case) and reaching down to the spring level 
of the groundwater is dug out; the subsoil thus removed 
is piled up on a wide strip between the trenches (6-10 m. 
wide) and firmly rammed down; a ledge 0.3 m. wide is left 
between the piled-up subsoil and the edge of the trench. 
3. Slopes (1 : 1 or 1 : 2) are then cut; the subsoil removed 
in this process is likewise placed on a wide strip between 
trenches and rammed down. 
4. The bottom (0.5-0.6 m.) section of each trench is cut 
vertical so that the width of the trench at the bottom is 
1.6 m. ; the subsoil dug out in this process is likewise rammed 
down; the embankment formed by the piled-up subsoil 
is cut out in a 1 : 1 gradient; the height of this embankment 
must not exceed 1 m. 
5. The trench is then filled in with a 50-60-cm. layer, up to 
the level of the vertical section of the trench, of the top 
humus soil which had been piled-up, temporarily, on a 
narrow strip between the trenches. All shoots and roots are 
removed from this layer of soil, and it is levelled out. 
6. The sowing and planting of agricultural crops is done 
3-5 days after this top soil has been damped and levelled 
down; when there is not sufficient earth, the top layer of the 
narrow inter-trench strip is taken; a trench should, when 
properly ñlled, have a top planting layer of dry earth 
2-3 cm. thick. 
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FIG. 8. Section of groundwaters in the seashore belt of the 
eastern Caspian (Elovskaya). 
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FIG. 9. Successive stages in the digging of a trench in seashore 
cockle-shell sand by the method worked out at the Karab- 
gazgol base (E. I. Ralashnikov). 
I. The top layer of sand is removed along the whole length 
of the trench and piled up on the strip between the trenches. 
II. The sand remaining in the trench (not more than 80 em. 
above the level of the water) is spread all over the bottom 
of the trench together with a mineral fertilizer (absolutely 
essential). 
III. Mechanical shields are erected along the embankments 
in order to prevent the trench from being filled up by sand. 

of fresh groundwater usually found as it were ' floating' 
on top of the heavier saline groundwater. The exis- 
tence of a surface layer of fresh water 2-3 cm. deep 
on the top of groundwaters in the sands of the Caspian 
and Aral shores is well known (Fig. 8). Similar fresh- 
water layers are likewise found in the sand along 
the shores of North Africa. The formation of this 
fresh-water film on top of the horizon of salt ground- 
waters may be due both to the condensation of 
vapour and to the infiltration of rainwater. The best 
results are obtained on this sand when the ground- 
water lies at a depth of 1-1.5 m. 
For growing melons, potatoes, tomatoes, onions, 

beet, cabbages, etc., trenches are dug (Fig. 9). Vines, 
figs, berry plants and trees may be cultivated in 
either trenches or deep pits. 
The crop yield in relation to the area of the trenches 

is fairly high : potatoes, 70,000-80,000 kg. per ha.; 
beet, 50,000-80,000 kg. per ha.; cucumbers, 80,000 kg. 
per ha.; onions, 29,000 kg. per ha. 
However, the reserve of fresh water is very small 

and is quickly absorbed by the plants, wiih the 
result that the trenches have to be moved to another 
place in two or three years. Trees, apples, figs and 
vines can be grown for longer periods, provided the 
area is sufficient to provide them with nutrimeni. 

In the sandy deserts of Turkmenistan, water- 
melons and melons, planted in deep holes, grow 
excellently on the shifting sandhills without any 
kind of irrigation. Each plant requires a large intake 
area (75-100 m.2), when this is available they are 
able to make use of the tiny quantities of condensed 
moisture stored in the sand. 

' Kair ' farming 

Since carlies1 times people have cultivated grain 
and vegetable crops on the flood terraces of the large 
rivers which cross the deserts of Central Asia (Amu 
Darya, Sir Darya, Zeravshan, etc.) without any form 
of irrigation. The narrow strips of non-saline alluvial 
soil with fresh groundwaters in the vicinity are called 
kairs. Agricultural crops growing on these kairs 
use the fresh underground water filtering into the 
flood terraces from the river-beds, which they absorb 
through their roots. 
Depression and khaki, farming, estuary irrigation 

and kair farming are in fact primitive forms of irriga- 
tion farming. In the remote past, it was probably these 
types of farming which gave man the idea of trying 
larger scale irrigation. 

DEVELOPMENT OF 30 MILLION HA. 
OF VIRGIN LAND IN THE ARID 
STEPPES OF THE USSR 

In tzarist times, every drought was accompanied 
by famine. It was impossible, with the small peasant 
system to counteract droughi. At the same time, 
practical and scientific experience of dealing with 
drought was gradually being accumulated, but neither 
this experience nor the scientific work of Russian 
agronomists could be put into practice in the backward 
conditions of pre-Revolutionary Russia. The change 
came only after the October Revolution, and in parti- 
cular after the establishment of large collective and 
State farms using technical equipment, fertilizers 
and scientiûc farming knowledge. 
Thus in pre-Revolutionary Russia the southern 

limit of non-irrigation farming roughly followed the 
isohyet for 350 mm. annual rainfall, but after the 
Revolution, during the thirties, the limit was pushed 
farther up into the dry steppes, until it coincided, 
roughly, with the 250-mm. isohyetal line (Makaroff, 
1926; Selyaninov, 1933). During the forties and the 
early fifties, dry farming on sandy soils (which have 
a more favourable water régime) was extended, 
thanks to the work of the scientists and farmers, 
to the 150-mm. isohyet (Fig. lo), and thousands of 
hectares in these areas are now successfully used for 
the cultivation of millet and spring wheat. 
When ploughing virgin sandy loam however, 

attention must be paid to the danger of the deflation 
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FIG. 10. Map of farming in the desert and semi-desert regions of the USSR (Drawn up by I. F. Makaroff and completed 
by E. A. Malyugin.) 

. 

of the arable soils. It is essential to take all measures 
to prevent deflation, including planting forest strips, 
strips of high plants, grass sowing, and leaving stubble 
lying on the ground either over the w-hole of the field 
or on strips of it. 
Extensive areas of virgin and long-disused lands 

were successfully brought under cultivation in the 
Volga, Ural, south Siberian and Kazakhstan steppes 
in the 1954-1951 period. During this very short 
period, the Soviet Union, owing to thorough research 
and preparation, succeeded in ploughing up a vast 
tract (30-32 million ha.) of virgin land and planting 
it with spring wheat and other grain crops. 
Thousands of large, new, mechanized State farms 

were set up throughout the southern black earlh 
and dark chestnut earth belts, and on the brown 
and light chestnut earth areas previously not used 
for field-crop cultivation on account of the dryness 
of the climate and the uncertainty of the harvests. 
Soviet meteorologists proved that there is, in the 

dry steppes of the Asiatic part of the USSR, a very 
definite maximum summer rainfall. Research carried 
out at the agricultural experimental stations in the 
Ural, Siberia, Volga regions and Kazakhstan showed 

that spring wheat can be successfully planted in these 
regions and yield good crops given certain agro- 
technical conditions. In these conditions too, maize 
produces an abundant leaf crop for fodder or grain 
fodder of a milky, waxy consistency; millet also 
produces an excellent crop in these areas. Thecold 
climate in the north of the Asiatic steppes, and the 
aridity and salinity of the soil in the southern steppes, 
of course, make field-crop cultivation more difficult. 
The territory whereon the new 30-32 million ha. 

of virgin land were brought under cultivation has 
been divided up, as regards agro-climatical conditions, 
into six zones (Fig. 11). L. N. Razumova [39] describes 
these zones as follows : 

For each of these zones, details are given of the water 
supply for spring wheat when sown on land ploughed in 
autumn, €allow and spring-ploughed land together with 
an assessment of the water supply for wheat with each 
of these agronomic types 01 soil. Since it is impossible to 
describe the characteristics o€ each zone in detail, w e  shall 
confine ourselves to the main points. 
Zone 1. Very poor water supply-less than 15 per cent 

of optimal supply. The cultivation of spring wheat is possible 
only in depressions or with irrigation. 
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Zone 2. Poor water supply-15-30 per cent of optimal 
supply. The supply of moisture for spring wheat is insuffi- 
cient or barely sufficient even when sown on dead fallow. 
Zone 3. Insufficient water supply-30-35 per cent of 

optimal supply. The moisture supply for spring wheat is 
sufficient when sown on bare fallow fields. 
Zone 4. Water supply satisfactory-45-60 per cent of 

optimal supply. Moisture supply for wheat satisfactory 
when sown on autumn-ploughed land; on bare fallow land, 
sufficient and in some places good; on spring-ploughed land, 
poor and insufficient except in a few places, where it is 
satisfactory. 
Zone 5. Water supply sufficient-60-75 per cent of optimal 

supply. Moisture supply for spring wheat satisfactory and 
sufficient even when sown on spring-ploughed land. 
Zone 6. Water supply good-over 75 per cent of optimal 

supply. Wheat can be sown in all agronomic conditions, so 
that it never has to be grown on bare fallow land. In the 
north and north-eastern parts of this zone however, late 
sowing is impossible as it becomes too cold. 

The most important agro-technological factors for 
improved crops are maximum speed in all farming 
operations, deep autumn ploughing, snow retention 
on fields and the use of dead fallow land. The expe- 
rience of the years from 1955 to 1959 inclusive, 
showed that the newly cultivated lands in the dry 
steppes of the Asiatic part of the USSR are capable 
of providing the Soviet Union with an extra quantity 
of wheat totalling between 0.3 and 0.5 million metric 
tons a year, depending on weather conditions. 
The credit for this extraordinary achievement in 

the history of agriculture-the cultivation of dry 
steppe areas-lies with socialist production methods, 
characterized by an exceptionally high level of 
mechanization, and a scientific approach to farming 
and agro-technology. 

IRRIGATION IN THE DESERTS 
AND STEPPES OF CENTRAL ASIA 
AND THE CAUCASUS 

The irrigation systems along the Amu Darya, Sir 
Darya, Zeravshan, and Murghab rivers are as ancient 
as those used in the deltas of the Nile, the Tigris 
and Euphrates. Owing to the peculiar geomorphology 
and hydrology of these river deltas, they were used 
from very early times for irrigation farming. 
The ancient and contemporary deltas of the Amu 

Darya cover a vast territory, totalling approximately 
50,000 km.2. In the early Quaternary period, the 
waters of the Amu Darya filled the Sary Kamysh 
and Aral hollows. A t  that time, extensive floodplains 
were formed on which primitive man settled. 
The researches of the Soviet archaeologists Kas- 

talsky, Tolstov, Gulyamov and Andrianov show 
that, in the fourth to third millennia B.C., the vast 
ancient delta of the Amu Darya was already being 
used by sedentary tribes engaging in fishing and 

hunting. This was in late Neolithic times. Primitive 
hoe farming on flooded delta land began later, not 
before the third to second millennium B.C. 

The extensive network of naturally formed river 
arms and shallow streams (a formation characteristic 
of all deltas) facilitated artificial flooding of the 
lands used for crop growing. Water flows automatically 
into shallow river arms and channels of the: deltas 
when the water level rises during flood periods; 
it follows the natural streams of the delta, and is then 
distributed through artificially constructed canals. 
In the later stages of the development of delta settle- 
ments, steps were gradually taken to improve the 
natural channels and transform them into large 
artificial canals. Each of these canals was fitted with 
several primitive sluices by means of which the water 
could be distributed through irrigation systems 
when the level of the river water varied (even when 
it sank very low). 

Gulyamov [18] points out that the irrigation builders 
on the Amu Darya, even in remotest times, had 
already discovered the best angle at which to build 
canals in order to give the maximum water supply 
and to protect the irrigation canals against deposits 
of river silt. 
The lower reaches of the Amu Darya delta formed 

the centre of one of the most important ancient 
farming civilizations of Central Asia, the ‘ Khorezm’ 
civilization, part of whose history can n o w  be recons- 
tructed thanks to the research done by Soviet archaeo- 
logists (Tolstov [47-SO] and his followers). Links have 
been established between the ancient peoples inhabit- 
ing the Khorezm area and other ancient peoples 
belonging to civilizations of the East-China, India, 
Arabia, Africa and also peoples of Eastern Europe, 
Siberia and Kazakhstan-that practised irrigation. 
As early as the Bronze Age (the end of the third and 
during the second millennium B.C.) the semi-sedentary 
inhabitants of this area engaged in stockbreeding 
and irrigation hoe farming similar to that pursued 
by the civilizations of the Near East and Central 
Asia. It is possible that the earliest type of farming 
here was the so-called ‘kair’ farming (still used in 
some parts to this day) i.e., cultivation of agricultural 
crops on the non-saline soils along the river floodlands 
in places where fresh groundwater exists near the 
surface. In these conditions no irrigation is necessary, 
and good reliable crops can be grown using the under- 
ground water supply. 
Hecataeus of Miletus and Herodotus, in the fifth 

and sixth centuries B.C., reported that the predecessors 
and ancestors of the Kara-Kalpaks and Khorezm 
Uzbeks now living in the Amu Darya depression 
engaged in nomadic stockbreeding, hunting and 
fishing and had a well-develope& farming system. 
This is further confirmed by some of the Kara- 
Kalpak epics. Thus for instance, w e  know that the 
Kara-Kalpak amazons went in for farming as well 
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as war and hunting (Tolstov). IIowever, the develop- 
ment of irrigation farming in ancient Khorezm dates 
only from the middle of the first millennium B.C., 
one of the earliest names of the Khorezm State, 
‘Konga’, also dates from this period. 
The uneven depositing and accumulation of alluvial 

deltaic silt continually changed the relief and hydro- 
logy of the deltas of the large rivers such as the Amu 
Darya, Sir Darya, Murghab, and Kura. Asa result, 
gradual changes occurred in the hydrographical 
network; some parts of the delta were flooded, whilst 
others suffered desiccation or salinization (Andria- 
nov [il). 

Generally speaking, both the settlements and the 
irrigation canals followed the beds of the delta channels. 
M a n  attempted to preserve the channels by deepening 
them artificially, and by building primitive dams 
and water-distributing devices. Silt and sand are 
deposited in delta channels in such large quantilies 
that they eventually lïll up, so that they no longer 
allow the water to flow through in sufficient quan- 
tities. In order to obtain water, man builds rudimen- 
tary dams and devices to direct the water flow, 
and deepens the channels; but eventually the water 
flows off in another direction, cutting new channels 
in the delta, and the old ones dry up completely. 
The settlements and irrigated fields along the old 
delta channels are abandoned, and the soil dries up 
and salinifies. Such changes occurred regularly and 
repeatedly in the deltas of the Amu Darya, Sir 
Darya, Kura and Hwang Ho. But m a n  gradually 
obtained more control over the hydrology of deltas. 

This is clearly illustrated by Fig. 12, taken from 
Tolstov’s monograph [50]. 
By about the second quarter of the first millennium 

B.C., an extensive, ancient irrigation network already 
existed in the Amu Darya delta (Tolstov); by thai 
time, irrigated oases were even protected to some 
extent against flooding; the irrigation network was 
shaped like the branches of a tree; every large canal 
had several well reinforccd and equipped sluices. 
All the old irrigation works, in parlicular dams and 
sluices and the heads of canals, were carefully protected 
by the population against enemy attack. Fortresses 
were built near them and a garrison of warriors was 
always stationed thcre. 
The chart of the delta soil irrigated in the sixth to 

fourth centuries B.C., prepared under the supervision of 
Tolstov, showed that a very large area was covered 
by these irrigation systems, altough little use was 
made of the agricultural land. As the population grew 
and society developed, the area of irrigated land 
was extended and irriga tion techniques improved. 
The first large irrigation canals of ancient times were 

simply natural arms of the delta (channels), and were 
therefore extremely wide and shallow. 
In mediaeval Khorezm, narrow and relatively deep 

canals were already being built (Tolslov) and fine, 
regular irrigation networks were being used; in the 
ninth and tenth centuries, water-wheels with pails 
(&ir) were already in use. 
The development of irrigation farming along the 

large rivers requires strict, centralized supervision, a 
fact which was largely responsible for the appearance 
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in the Amu Darya delta of a centralized slave- 
owning State, simultaneously with or possibly slightly 
earlier than the birth of the State of Western Iran 
(Tolstov, 1948; Andrianov, 1955). 
The main towns of eastern Iran-Balkh, Samarkand, 

Merv and HeraL-were the centres of the ancient 
civilization of Iran. In the sixth century, the territory 
of eastern Iran included ancient Baetria, ancient 
Murghab (Merv), Sogdiana (along the Zeravshan 
River), and Khorezm along the Amu Darya. In each 
of these States there was, combined with semi-nomad 
settlements, a highly-developed system of irrigation 
farming and a well-organized irrigation system. 
Ancient Khorezm on the Amu Darya with its 

remarkably highly-developed civilization and agri- 
cultural system and its numerous hydro-technical 
works and irrigated lands, had two main periods of 
prosperity, in the fourth century B.C. and the first 
century A.D. 
Alexander the Great's campaigns into Central 

Asia showed his contemporaries that there existed 
in Central Asia, along the Zeravchan, Amu Darya, 
Sir Darya and Murghab rivers, a highly-developed 
system of irrigation farming. For instance, irrigated 
rice was extensively cultivated in these parts. The 
fall of the empire of Alexander the Great was followed 
by the rise of the independent Graeco-Bactrian 
Kingdom, which covered all the same territory, 
together with the basins of the Sir Darya, Zeravshan, 
Murghab and Amu Darya. 
In the fourth to sixth centuries A.D., the area of 

irrigated land was substantially decreased, a fact 
attributed by Tolstov to the disintegration of the 
slave-owning system, the development of a feudal 
economy, and the Hun and Turk invasions. After 
that came another period of prosperity of the farming 
civilization of ancient Kohrezm. 
In the Middle Ages, ancient Khorezm enjoyed two 

periods of prosperity. There were, according to the 
reports of Arab geographers, very large irrigation 
canals in various part of the delta. Along the banks 
of the Amu Darya were extensive oases, where the 
people engaged in irrigalion farming, and the large 
city of Kyat, the capital of Khorezm. The main 
irrigation canals, including the Heri, Kurder and 
Baghdad, were built in the first centuries A.D. 
However, the Arab invasions in the seventh to 
ninth centuries resulted in the destruction of the 
irrigation canals and the abandonment of irrigated 
lands. The Arab conquerors found here an immense- 
ly rich and civilized country, with large cities, 
numerous villages and an extensive irrigation system. 
This civilization subsequently recovered and, accord- 
ing to Kastalsky, an area of up to 200,000 ha. of land 
in Central Asia was irrigated at that period. The 
irrigation systems of ancient Khorezm and Sogdiana 
were entirely destroyed in the thirteenlh century 
by the Mongol invaders; as a result of this, during 

the thirteenth and fourteenth centuries, the position 
of the Amu Darya delta shifted considerably, and the 
Amu Darya again flowed into the Sary Kamysh 
depression, transforming it into a vast reservoir. 
In ancient times the irrigation of the Amu Darya 

delta was combined with that of the Sir Darya delta; 
in the area covered by the two deltas, there were 
channels and arms, the water of which was used for 
irrigation in the Aral Sea area. Archaeological excava- 
tions show that these channels existed, and were 
used for watering the land. The Kara-Kalpaks built 
huge weirs of clay and wood which fed main canals 
hundreds of kilometres long (Tolstov). Thus for 
instance the Zhan-Darya channel in the second half 
of the eighteenth century was fed by large hydro- 
technical works built by the Kara-KaIpaks at that 
period. 

SubsequeiiLly, during several decades of wars and 
in particular as a result of the devastating campaigns 
of Mohammed Rakhim Khan (1809-1811), the Zhan- 
Darya channel ceased to exist, and irrigation farming 
in these parts disappeared. 
The old canals on the Amu Darya and Sir Darya, 

as well as other canals, were equipped with compli- 
cated, carefully designed sluices, constructed of 
brushwood, earth and wood (haloxylon). They required 
constant attention to keep them in working condition. 
In wartime, of course, the destruction of this eyuip- 
ment ruined the entire irrigation system. The alluvial 
and irrigation deposits which raised the level of Lhe 
land in deltas also, of course, had important efiects 
on the disiribution of the water flowing into the 
canals. Military and purely political events some times 
led to unexpected, major disasters involving the 
destruction of the canals and of the irrigation system. 
Thus on orders from the Khan of Khiva, who was 
striving to terrorize the Turkmens living on the 
channels branching out from the left bank of the 
Amu Darya, these channels were in some periods 
closed completely, depriving the population of water. 
As a result of this, large stretches of cultivated land 
in Turkmenia (border region) were completely aban- 
doned. 
Apart from this, serious floods sometimes occurred, 

caused by allowing the waters of the Amu Darya 
to pour uncontrolled into the irrigation canals which 
were thus washed away. 
After many years of archaeological research, 

Professor Tolstov and his pupils prepared a master 
map showing the history of irrigation in the Amu 
Darya delta. The results of this research were published 
by the USSR Academy of Sciences (1950-1956). 
The gist of this information is given on the archaeolo- 
gical map (Fig. 13). 
The history of irrigation on other CentraI'Asian 

rivers-the Murghab and the Tedzhen-goes: back 
even farther. 
There is a theory, based on the archaeological 
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research OP Pompelli (1904,) at Anau (near Ashkabad) 
that farming began on the foothills of the Kopet Dag 
Mountains in the seventh LO ninth millennia B.C. 
Though this theory is disputed by many experts, 
it must be admitted that farming has been carried 
on in this area since very early times. On the foothills 
of the Kopet Dag Mountains, where the ancient 
Turkmenian irrigation systems are located, w e  now 
find wild cereals, the predecessors of modern agricul- 
tural crops such as wild wheat and wild barley. 
Apparently ancient man way back in the Stone Age 
used to gather the crops of these wild grain plants 
on the alluvial cones and dry deltas of the mountain 
streams and rivers that irrigated the land along 
their lower reaches. (Dzhumaev [14].) 
Archaeological monuments and the remains of 

ancient irrigation farming have been found in the 
foothills of the Kopet Dag Mountains along the Kelt- 
Chenar, Anau, Ashkhabad, Ak-Tepe and Kassgan 
Chai rivers. This type of primitive irrigation obviously 
needed neither hydro-technical devices nor canals ; 
it was based on the use of rainwater streams flowing 
down from the hills and exists to this day in some 
hilly parts of Turkmenistan. 
In connexion with the Kopet Dag Mountains, 

special mention should be made of the now non- 
existent ‘Parthian Oasis’ which belonged to the 
ancient Parthian Kingdom, possibly being its main 
centre. Excavations which have been carried out 
here for more than 50 years by various experts have 
revealed the ancient capital of Parthia, Nissa (not far 
from Ashkhabad) and the remains of irrigation 
farming dating back to the fourth millennium B.C. 
The Parthian Oasis, with its rich agriculture, is 
mentioned in the notes of King Darius, in the writings 
of Herodotus and the historians of Alexander the 
Great, who conquered Parthia. 
In the third to second millennium B.C., in the 

Bronze Age, came Lhe development of irrigation 
farming in the dry deltas of large rivers such as the 
Murghab and the Tedzhen. At that period, primitive 
canals were built on the ancient arms of these river 
deltas. Herodotus noted that there existed on the 
Akess (Tedzhen) in the fifth to fourth centuries B.C., 
extensive reservoirs equipped with sluices which 
distributed the irrigation waters in the lower reaches 
of the river. 
About the end of the B.C. period and the beginning 

of the A.D. period, vines, gardens, cereals, rice, cotton, 
water-melons and melons were cultivated along the 
Murghab River. Despite various wars and distur- 
bances resulting in the destruction of part of the 
irrigation system, irrigation farming continued to 
develop. The ancient Persians and Greeks called the 
Marysk Oasis ‘Margiana’ (from the Greek name for 
the Murghab River-the Marg). AL that time (in the 
first millennium and more pariicularly the third 
century B.C.) Margiana ranked in prosperity with 

Egypt and Mesopotamia. This continued right up to 
the thirteenth century A.D. after which came several 
centuries of eclipse due to the Mongol invasion and 
the destruction of the irrigation system. 
The dams and irrigation works on the Murghab 

were partially restored in the fifteenth century, 
but the standard of irrigation never again reached 
the same level as before the Mongol invasion. In 
south-wes t Turkmenia the people had since earliest 
times used a special form of temporary irrigation 
based on the use of the flow of mountain rainwater 
into various kinds of flat depressions. Thus we find 
in south-west Turkmenia what the Turkmens called 
Urochische Bugdaily-the ‘ granary ’ or simply ‘ wheat ’. 
Here we find thousands of hectares of land where 
wheat is grown using the moisture of the rainwater 
flowing down from the mountains. 
An interesting point is that the thickness of the 

fertile soil layer deposited by irrigation on the ancient 
irrigated foothills of the Kopet Dag is up to 7 m., 
which indicates the antiquity of irrigation in these 
parts. 
In addition to the large rivers, the inhabitants 

of Central Asia (Uzbeks, Tadjiks, Turkmens, Kir- 
ghizes) also made use of the shallow streams and rivers 
fiowing down the hills, by means of primitive works. 
There are large numbers of examples of ancient and 
modern primitive hydro-technical constructions, some 
of it now forgotten and partially destroyed, on the 
hill plains along the crests of the Nur-Ata and Kopet 
Dag Mountains. 
According to the findings of geographers, soil 

scientists and archaeologists, this area was much 
better watered than others. W e  find here long strips 
of solonchak depressions which, according to popular 
legend, are sections of the ancient river of Sir Darya. 
Relics of the late Bronze Age indicate that this area 
was thickly populated in the past; and the name of 
these depressions-Kolgan-Sir (the channel of the 
Sir Darya)-indicates, as Gulyamov points out, that 
the people still had memories of the time when this 
area was well watered. 
Geographical and archaeological research alike 

show that the main reason for the destruction of the 
ancient irrigation systems on the main rivers of 
Central Asia and Transcaucasia was the Mongol 
invasion in the thirteenth century and the campaigns 
of Tamerlane, which also resulted in the destruction 
of numerous towns and irrigation works in Turkestan, 
the Middle and Near East, and the Caucasus. The 
ancient regions of Khorezm and Merv suffered parti- 
cularly; the Mongol conquerors not only conquered 
these countries and sacked their capitals, but also 
completely destroyed their irriga tion systems. 
Lands formerly irrigated and fer Lile were transform- 

ed into deserts and became salinified. Parts of them 
were buried by shifting sands; extensive areas were 
transformed inLo Lakyry. The irrigation system on the 
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Amu Darya was gradually reconstructed; but in the 
fourteenth and fifteenth centuries, repeated invasions 
by Tamerlane destroyed the ancient irrigation system 
in Khorezm completely. There exist, on the territories 
of the States destroyed first by the Mongols and later 
by the Seljuks, numerous ancient architectural 
monuments, remains of aqueducts and beds of old 
irrigation canals sanded over. It was only in the 
seventeenth, eighteenth and nineteenth centuries 
that the Kara-Kalpaks, Turkmens and Uzbeks began 
to build irrigation canals again and restore the irrigated 
lands. 

Irrigation has also been practiced from earliest 
times in the arid steppes of Siberia and Kazakhstan. 
Archaeological research has revealed, in the steppe 
region of Khakass, the remains of ancient irrigation 
systems which existed in the middle of the third millen- 
nium B.C.; and archaeological data and Chinese 
written sources alike show that the ancestors of the 
present inhabitants of Khakass cultivated barley, 
millet and other crops. Granite weirs were built to 
feed the canals, some of which were 30 lcm. and more 
in length (Tanzybaev [46]). 

The Mongol conquerors in the thirteenth century 
destroyed these irrigation systems, and farming in 
Khakass revived only in the eighteenth and nine- 
teenlh centuries with the arrival in the area of Russian 
migrants. 
Irrigation farming in Transcaucasia, along the Kura, 

Arake and small mountain rivers also dates back to 
ancient times. Thus in the ninth to eighth centuries B.C. 
there existed in Transcaucasia the Urartu State, 
where water reservoirs and canals were built and 
artificial irrigation was extensively practised. 
If we take the archaeological data and compare 

the irrigation methods used in various regions, the 
development of irrigation techniques may be summed 
up as follows : (a) Use of the natural floodwaters of 
rivers in deltas and floodlands; (b) artificial diversion 
of high floodwaters into hollows and depressions; 
(c) hydro-technical engineering works and irrigation 
by regular flooding of fields; (a) application of narrow 
streams of water by means of channels or furrows; 
(e) sprinkling irrigation. The method most commonly 
used at present is irrigation by means of furrows. 
At the time when the Central Asian territories 

were joined to Russia (at the end of the nineteenth 
century) there were about 3 million ha. of irrigated 
land in those territories, and about 800,000 ha. in the 
Caucasus. Since tzarist Russia was interested in the 
nineteenth century in acquiring its own cotton 
growing area, the government organized measures 
for irrigating the territory. In 1894 a special sec- 
tion for agricultural reclamation was set up in the 
Department of Agriculture to deal with the develop- 
ment of irrigation; but political and economic con- 
ditions in pre-Revolutionary Russia slowed down the 
development of irrigation, and by 1917 the toLa1 

increase of irrigated land in the country was only 260- 
280 thousand ha. 
At the time of the entry of the Central Asian 

territories into the Russian Empire, the marked 
social inequality in regard to irrigation farming was 
maintained. Thus in 1914 the irrigated land in 
Turkmenia was distributed as follows amongst the 
various social groups : 

Proportion of Proportion of irrigated 
population land owned 

% % 
Farm labourers 10.8 0.0 
Poor peasants 50.0 26.0 
Middle peasants 27.9 4,O.O 
Rich landowners 11.3 34.0 

The poor peasants rented land from the rich 
landowners on very disadvantageous terms, receiving 
only one-third to one-tenth of the harvest. N o  real 
revival of farming occurred in Central Asia until 
after the great reforms following the October Revo- 
lution. From the moment of its access to power, the 
Soviet Government carried out extensive irrigation 
works designed to abolish drought and its conse- 
quences. 
In the troubled period of the Civil W a r  in 1918, 

the Council of People’s Commissars passed a resolu- 
tion allocating 50 million roubles for irrigation 
measures in Turkestan and for the development of 
irrigation over an area of a million hectares. 
In the period from 1924 to 1942, approximately 

6 milliard roubles were spent on land improvement 
and irrigation works in the USSR; whereas in pre- 
Revolutionary Russia, in the period 1867 to 1917, 
the s u m  spent on this work totalled only 100 million 
roubles. 
Under the Soviet régime, vast new irrigation sys- 

tems have been established in Uzbekistan, Kazakhstan, 
Tadjikstan, Azerbaijan, Armenia, the Volga area, 
the Terek area, southern Siberia, southern Ukraine, 
Crimea and the northern Caucasus. 
The wealthy collective farms of the Ferghana 

Valley, the Tashkent Oasis, Samarkand, Vakhsh 
and Azerbaijan, and such State farms as the Pakhta- 
Aral, Bayaut, and Kara-Chala are famous all over 
the Soviet Union for their traditional crops of vines, 
cotton, rice, sesame, and fruits, amply repaying the 
work of the farmers. 
Shortly before the last war, the USSR had become 

a great cotton producing country; at the present 
time, the USSR produces 4 million metric tons of 
raw cotton every year. 
The huge hydro-electric power stations constructed 

on the Volga, the Dnieper, the Amu Darya and the 
Don in 1950-1958 provided a further 22.5 milliard 
kWh. electric energy per year. At the same time, 
new irrigation and water works were being constructed 
over an area of about 30 million ha. in the arid and 
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desert regions of the Volga, Don, southern Ukraine, experience in dealing with salinization acquired by 
northern Crimea; and in the deserts of Caspian, the Uzbek, Turkmen and Tadjik peoples in Ferghana, 
Turkmen and Kara-Kalpak. The increase in the Bukhara, Khorezm and Tadjikistan. 
area of irrigated land in the Soviet Union in the The farmers of Ferghana, Bukhara and Khorezm 
post-revolutionary period is indicated in Table 4,. 

TABLE 4. Development of irrigated farming in the USSR 

Year 1917 1929 1937 1940 1958 

Irrigated area 
(thousands of ha.) 4080 4470 5 620 6 150 12 O00 

Irrigation was then extended from desert and semi- 
desert zones into the steppes and forest steppes of 
the Volga area, Ukraine, Crimea, northern Caucasus 
and central black earth belts. The irrigated areas 
produce exceptionally good crops as the following 
figures indicate (the production is given in kilo- 
grammes per hectare) : cotton, 4~,000-6,000; wheal, 
4~,000-4~,500; alfalfa, 25,000-30,000; rice, 6,000-8,000; 
sugar beet, 50,000-100,000. 
As w e  know, irrigation farming sometimes has the 

unfortunate consequence of causing salinization of 
the irrigated soil, which ruins its fertility and destroys 
the crops. Before the October Revolution, the farmers 
of Central Asia and Transcaucasia were incapable of 
dealing with this problem; and with private ownership 
of land and water it was difficult to carry out extensive 
land improvement schemes. Irrigation farming was 
not pursued on rational lines; the Khans and rich 
landowners strove to gain possession of larger quan- 
tities of waters, and drew them away from the land 
owned by the peasants; the surplus water infiltered 
into the soil, with the result that the saline ground- 
waters rose to the surface and made the soil salty 
through vigorous evaporation. Drainage was not 
installed on a sufficient scale. As a result there were 
in the ancient irrigated areas of Ferghana, Bukhara 
and Khorezm many large patches of secondary 
solonchaks, found in places that were formerly fertile 
watered soils. 
After the October Revolution, facilities for the 

carrying out of extensive land improvement measures 
were created. As a result of the work undertaken in 
the Caucasus, the Volga area and Central Asia, 
scientists, agronomists and engineers were faced 
with the task of preventing the salinization of irrigated 
soils and applying extensive land improvement 
measures,to saline soils. 
All kinds of field and theoretical research was done 

had from earliest times been accustomed to washing 
saline soils and constructing drainage canals to draw 
off saline groundwaters, called zuury, zeikeshi, etc. 
The experience of the peoples of Central Asia, deve- 
loped in the new land improvement centres, was 
incorporated in the land improvement measures for 
treatment of solonchaks. A measure of special 
interest was the growing of rice crops on drainage 
beds in order to improve particularly bad solonchaks 
on belts remote from the main irrigated territories. 
Measures for eliminating the causes of the salinization 

of irrigated soils in the USSR were devised and applied. 
The first step was to rationalize the use of water, 
replacing the faulty old methods (flooding) by more 
economical furrow watering. At the same time crop 
rotation, intensive mechanization, improved agricul- 
tural methods, widespread fertilization and new 
crops were introduced in collective and State farms. 
In the irrigated oases of the Soviet Union, subject 

to secondary salinization, an extensive State network 
of deep collector drains (3-4 m. deep) was installed, 
to draw off the salts from the soil and groundwalers 
in subsoil horizons into the lakes and rivers. 
Meantime a deep network of drains of uniform 

depth (2-3 m. over distances of 500-800 m.) is steadily 
being built. After drainage, saline soils are washed 
for purposes of desalinization; forest strips are being 
planted along canals everywhere. 
The above anti-salinization measures have resulted 

in a general lowering of the level of groundwaters 
and reduction of the salinization of irrigated soils. 
In many cases, these phenomena have been completely 
eliminated. The 30 years’ experience of the giant 
State cotton-producing farm Pakhta-Aral in the 
Hungry Steppe has shown that it is possible to elimi- 
nate the salinization of irrigated soil. This collective 
farm set up in the desert produces up to 3,000- 
4,000 kg. per ha. of cotton. The experience acquired 
by the Pakhta-Aral State Farm has been widely 
applied in the construction of new irrigation systems 
elsewhere. 
The many years’ work of the Mughan Experimental 

Station in Azerbaijan confirms that it is possible, 
with deep drainage combined with soil washing, 
skilful irrigation and correct agro-technical methods 
to make even the worst solonchaks, containing as 
much as 3-5 Der cent of harmful chlorous and suluhale 

on saline soils and methods of improving them. salts, fit for cultivation in the space of 2-3 years and 
An imporlant contribution in this field was made by use them, subsequently, for producing abundant, 
the vast network of land improvement institutes and reliable crops of grain (4,000-4,500 kg. per ha.) and 
laboratories organized under the Soviet régime, and cotton (3,500-4,000 kg. per ha.). Similar results have 
in particular by the experimental stations set up in been obtained by the experimental land-improvement 
Azerbaijan, Uzbekistan, Tadjikistan, Turkmenia and stations for growing cotton and beet on solonchaks 
Kirghizia. A study was also made of the age-old set up in the Hungry Steppe (Golden Horde Experi- 
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mental Station), in the Ferghana Valley (Phedchenkov 
Experimental Station) and in ihe Kirghiz SSR 
(Kantsk Station). 
The work of developing the deserts must not however 

be confined to farming : huge deposiis of mineral 
products are located in these areas. For inslance, 
a large proportion of ihe world’s oil deposits are 
to be found in and around the steppe and desert 
belts; so are the raw materials of many branches 
of the chemical indusiry, including in particular 
deposits of natural soda, saltpetre, sulphate, sulphur, 
iodine, boron and bromine. Large deposits of ferrous 
and non-ferrous metals, eoal and phosphorites are 
also located in waterless desert areas. 
The irrigation and water supply of desert and 

steppe areas make it possible to develop industry 
in the arid zone, and the Soviet Union has done a 
great deal to industrialize the desert. The prosperous 
oil industry at Nebit-Dag and Emba; the coal mines 
in Karaganda; the chemical industry at Kara-Bogaz- 
Gola; the non-ferrous metallurgical works ai Pri- 
balkhash and Dzheskazgan; and the Kara-Kum 
sulphur works-such are only a few of the major 
industrial undertakings constructed by the Soviei 
people in the desert. 
A general picture of the irrigation system already 

existing in the arid zone of the Asiatic part of the 
USSR and of projects for the next few years has 
been published by the USSR Academy of Sciences 
(Zvonkov [53]) and the following information is 
quoted from that publication which contains the 
relevant maps. 

Central Asia and the southern part of the Kazakh SSR 

The main water resources in this region are provided 
by three rivers, the Sir Darya, Amu Darya and I1 
and their tributaries which are used mainly for irriga- 
tion and hydro-electric projects and also to some extent 
(in their middle and lower reaches) for navigation. 
The irrigated area in these regions at present totals 
6.1 million ha., and there are plans for more than 
doubling this area. 
The main hydro-electric works in the Sir Darya 

basin are concentrated along the upper reaches of 
the river-in the Ferghana Valley and the valleys 
of its tributaries, the Chirehik, Angren and Keless; 
there are also hydro-electric works in the Hungry 
Steppe. 
The main multi-purpose hydro-electric works are 

as follows: The Pharkhad dam on the Sir Darya 
which provides water for the surrounding countries 
by means of a supply channel, supplies electrical 
power and is equipped with a sluice €or irrigation 
of the Dalverzin and Hungry Steppes; the Kairak- 
Kum dam on the Sir Darya, feeding the largest water 
reservoir in Central Asia, with a capacity of 5.6 m.3 
for irrigation and electric power; the Kamyr-Ravat 

dani on the Kara-Darya, which supplies water for the 
irrigation system and the hydro-electric power plants 
of the Ferghana Valley; the Gazalkent dam on the 
Chirchik River, providing water €or the hydro- 
electric power station on the Chirchik Cataract, and 
equipped with a sluice for irrigating the lands and 
valleys of the Chirchik, Angien and Keless and sup- 
plying water for the towns and industries in the region. 
During the past few years, large irrigation canals 

have been construcied in the Sir Darya basin for 
irrigation of new lands and improvement of the water 
supply for poorly irrigated regions by drawing on 
other water sources in times of drought. These works, 
which also include the great Ferghana Canal (350 km.), 
the North Ferghana Canal (160 km.), the South 
Ferghana Canal (108 km.), etc., enable effective use 
to be made of the waters of various tributaries of the 
Sir Darya. 
In addition to the above, a dam has been built 

in the Sir Darya basin on the lower reaches of the 
river; a second darn in the Kzyl-Orda region to feed 
the irrigation canals; and the Urta-Tokai watcr 
reservoir on the Kassan-Sai River together with 
a dam to control the water discharge; besides various 
other works for irrigation and the supply of hydro- 
electric power. 
The most important event in the field of irrigation 

during the past few years in the Sir Darya basin 
has been the development of irrigation in the Hungry 
Steppe, made possible by the building of the Pharkhad 
dam and hydro-electric power station, and by ihe 
construction of the Kairak-Kum water reservoir. 
The works constructed for the irrigation of the 

Hungry Steppe include three main canals : the 
reconstructed Kirov Canal and two new canals, the 
Central Canal and the Southern Canal; electrified 
pumping stations ; hydro-electric power stations at 
the point where the waters of the main canal fall 
into the Sir Darya; and a network of irrigation and 
drainage canals. It will be possible to extend the 
area of irrigated land in the Hungry Steppe to 
800,000 ha. 
Various hydro-electric works have been constructed 

in the Amu-Darya basin also, designed mainly for 
irrigation of land in the Tadjik, Uzbek and Turkmen 
Republics. 
In the Turkmen SSR, the 500-km. long Kara-Kum 

Canal is being constructed, with its head sluice on the 
Amu Darya, at the village of Bassago. By means of 
this sluice, water is already being diverted into the 
Murghab River basin, not for the irrigation of new 
land only, but also for improving existing irrigation 
systems at present with an inadeqiiaie water supply. 
In the Tadjik SSR, work is to be continued on the 

construction of the large hydro projects in the Bakhsh 
and Beshkent valleys, using the water supply of the 
Bakhsh and Kaphirnigan. In this area, a network of 
canals for natural and mechanized irrigation is being 
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built, in addition to two large hydro-eleclric power 
stations, one on the Bakhsh, the oLher on the main 
canal of the Bakhsh irrigation system. 
Extensive water works for irrigation and hydro- 

electric power are being constructed in the Surkhan- 
Darya, Kashka-Darya and Zeravshan river valleys. 

One of the largest multi-purpose water plants is 
to be a hydro-electric station on the Amu Darya 
for the irrigation and water supply of large areas 
on both banks of the Amu Darya in Turkmenistan 
and Uzbekistan, and the supply of hydro-electric 
power along the middle reaches of the river. This 
station can also serve for the irrigation and water 
supply of the paslurelands in Afghanistan, and for 
the supply of electric power. 

Subsequently, in connexion with the major irriga- 
tion projects in Central Asia, hydro-electrical power 
resources with a total potential capacity of 600 mil- 
liard kWh. will be used. 
At the same time, measures are being taken to 

improve the navigability of the Amu Darya and Sir 
Darya. The shortage of water in Central Asia and 
the deslruction of the water balance of the Caspian 
Sea made it imperative to consider the possibility of 
diverting the waters of the Ob and even the Yenisey, 
which now flow into the Karsk Sea, into this area. 
Investigations are being made regarding the possi- 

bility of building large dams on the Ob in order to 
direct its waters along the Irtysh and Tobol, through 
a canal linking the two basins (the Turgai Gates) 
into the Aral Sea and thence by canal to the 
Caspian Sea. (See also Fig. 6.) This water is to be used 
for the supply and irrigation of arid lands in western 
Siberia-between the Turgai Hollow and the Aral 
Sea-and the lands in Central Kazakhstan. 
It is possible too that the diversion of the waters 

of the Siberian rivers into the Aral-Caspian basin 
will also solve the problem of exploiting hydro-electric 
power resources and constructing a large inland 
waterway system to cross the central part of the 
USSR from the Karsk to the Caspian Sea. 
Thorough technical and economic research will be 

necessary in order to solve the problem of the construc- 
tion of the proposed new giant waterway system. 

The Northern Caucasus 

A centre for the growing of grain and rice (Kuban); 
it is also a large stockbreeding centre, supplying fine 
fleece wool (Stavropol region). 
In order to guarantee the water supply of the vast 

waterless Stavropol and Nogai steppes, and provide 
stable cattle fodder, major water and irrigation 
works are being constructed in this area : the Kuban- 
Egorlyk, Kuban-Kalausk and Terek-Kum water works 
whose canals are to extend over a vast area. 
The western and north-western arid regions of Lhe 

Stavropol plateau (5.5 million ha.) at present obtain 

their water supply and irrigation water from the 
Kuban-Egorlyk waterworks, fed by the Kuban at 
Nevinnomyssk (at the rate of 75 me3 per sec.). 
Work is shortly to begin on the construction of the 

Kuban-Kalausk waterworks designed to supply thc 
central parts of the Stavropol region. 
The Nogai Steppe covers an area of 2.5 million ha. 

between the Terek and Kum (north-eastern part of 
the Checheno-Ingush Antonomous Soviet Socialist 
Republic). The main water resources for this area 
come from the Terek-Kum Canal, 150 km. in length 
(completed in 1957) and three main irrigation channels. 
At the beginning and end of the canal, on the Terek 
(near the town of Mozdok) and the Kum are two 
dams designed to raise the level of the water; the 
water flows out of the Terek into the Terek-Kum 
Canal at the rate of 200 m.3 per second. 
The Terek-Kum Canal is to be prolonged, beyond 

the Kum dam, by the Kum-Manych Canal at the 
end of which is the Chograi storage lake, supplied 
by the Manych reservoirs. 

These works will make it possible to irrigate and 
supply water to vast parts of the Nogai steppes, the 
Stavropol region and the Caspian depression, which 
are at present waterless, and turn them into a mighty 
agricultural region. 

Transcaucasia (Azerbaijan, Georgian and Armenian 
Soviet Socialist Republics) 

This area has potential hydro-electric power resources 
totalling 145 milliard kWh.; the size of the area of 
agricultura Iland at present irrigated is 1.7 million ha. 
The most important irrigation works in Transcau- 

casia are those at Mingechaursk (Azerbaijan Republic) 
where there is a large multi-purpose hydro-electrical 
station which supplies power and water for land 
improvement, and makes navigation possible. On the 
River Kura, near Mingechaursk, is the highest earth 
d a m  in Europe (77 m.) forming a storage lake with 
a capacity of 16 milliard m.3; and a hydro-electric 
station with a capacity of 357,000 kw. with an annual 
electric power output of 1.4 milliard kWh. The 
power produced by this hydro-electric station supplies 
the oil industry at Baku, the Transcaucasian metal- 
lurgical indusLry, and the pumping stations for 
irrigation. This dam is also an important factor in 
the prevention of flooding. 

From the storage lake at Mingechaursk run Iwo 
canals, one along the right bank, the Verkhne- 
Karabakh Canal (discharge 140 m3 per sec.), and 
one along the left bank, the Verkhne-Shirvansk Canal 
(discharge 50 m3 per sec.). There is another network 
of canals running along the Kura and Arax. 
A dam has also been constructed on another river, 

the Samur, which flows into Lhe Caspian Sea; from 
this dam runs the Samur-Divichinsk Canal, running 
almost parallel with the shores of the Caspian Sea. 
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This canal, besides improving the water supply of the 
inadequate irrigation system in this region, supplies 
water to ihe Apsheron Peninsula, which is now 
being transformed into a food-growing arca €or Baku. 
The most important hydro-electric works in the 

Armenian SSR are the seven hydro-electric stations 
on the Sevan-Razdan Cataract, using the waters 
of the mountain lake of Sevan with a fall of over 
900 m. The works on the Sevan-Razdan Cataract 
have a capacity of 575,000 kw. with an average 
annual output of 2.5 milliard kWh. A large proporlion 
of the hydro-electric stations on the cataract are 
already completed. The Sevan-Razdan Cataract 
also makes an important contribution to irrigation, 
since its waters are used, by way of canals, for irriga- 
tion of the Ararat Valley. 
In the Georgian SSR the main water problem is 

the irrigation of the Samgor steppes (near Tbilisi). 
The main irrigation water here is provided by the 
Yuri River on which the Sion reservoir, to store up 
the summer floodwaters, is now being built; below 
this reservoir is a dam for raising the level of the water, 
from which runs the main Verkhe-Samgor Canal 
with three hydro-electric stations in operatioo. The 
water collects in the Tbilisi water reservoir, from 
which runs the Nizhne Samgor Canal. Both these 
canals are to be used for irrigating gardens, vineyards 
and vegetable plots in the Tbilisi area. 
In addition to major hydro-electric plants the 

USSR is also building hydro-electric works, mostly 
multi-purpose ones, on the vast network of so-called 
small rivers. The tributaries of the main rivers serve 
as approach waterways leading to the main national 
canals, and are used for providing electric power, 
irrigation, water supply and fisheries. 
Serious efforts are being made in the USSR to 

introduce automation, remote control and telecontrol 
in hyclro-electric plants. 
Some large hydro-electric plants are already 

automated : they are fitted with remote-control 
apparatus operating over large distances, and auto- 
matic ‘recorders ’ which, when questioned by telephone, 
indicate the factors needed for the operation of the 
system. 

IRRIGATION IN CHINA 

According to Chinese legend, over 4*,000 years ago 
the River Hwang-Ho, which rises in the mountains 
of Kwanlung, burst its banks and began to rush 
across its delta like a wild animal. The river was 
tamed by a man called Wei thereafter surnamed the 
Great. For nine years, under his supervision, men 
worked to clear up the silt and river channels; they 
cleaned the river and led it into the sea, and gave 
over the reclaimed land to farmers. 
In centuries of struggle to tame the Hwang-Ho, 

the Chinese learned LO build hydro-electric works 
and produced slulful irrigation specialists who used 
genuinely scientific methods in their construction 
works. In 1360 a syslematic account of methods 
of hydro-technical works in China was given in a book 
by Sian-Suan called Notes on Methods of Controlling 
High Flood Waters (Chi Chen ho fan tsi). 
The first large irrigation sysLcm in China, in ihe 

Province of Szechwan (Dutzyanan) was constructed 
about 2,200 years ago on the River Ming Tsiang 
(a tributary of the Yangtse). TWO other large irriga- 
tion systems-on the Tsintsui and the Khangtsui 
in the Province of Kansu belong to the same period 
(Fu Tso-I, 1957). The Dutzyanan system played an 
important part in the development of irrigation 
systems in Asia, serving as the prototype for other 
systems. However, the total area of irrigated land 
in China in the past was very small. Major irriga- 
tion systems measuring 700 ha. and more covered 
about 2.2 million ha. ihroughout the country, i.e. 
only 7 per cent of the total watered area of the 
country (Voronin, 1955; Budarin, 1957). 
In the North Chinese Plain and in the deltas of the 

YangLse, the Chuchiang (Pearl River) and other 
rivers, the groundwaters lie fairly near the surface- 
3 m., 5 m. and 10 m. In most cases the ground- 
waters are fresh (non-saline) with the result that 
the Chinese peasants from time immemorial, with 
shallow wells and the simplest of water-raising 
equipment, used artificial irrigation to supplement 
the natural moisture provided by atmospheric preci- 
pitations. There are millions of these wells in China. 
Extensive use was also made of very shallow reservoirs 
constructed by the Chinese people with consummate 
skill; also of the areas round shallow lakes, fenced off 
with a special kind of dyke (‘water-gates’). The skill 
shown by the Chinese in the building of small low- 
pressure dams is indicated by the fact that there 
still exist, in the province of Hunan, small reservoirs 
constructed four to five hundred years ago (Hu 
Tsi-Lu, 1957). 
Since the distribution of atmospheric precipitations 

in the monsoon areas of China is unfavourablefor the 
cultivation of winter crops, the introduction of irriga- 
tion results in a great increase in the size of the crops 
(Table 5). 

TABLE 5. Effects of irrigation on the increase of agricultural 
crops in China (Voronin, 1955) 

Harveet in hunhcdfi of 
kg. per ha. Increase of crops 

a5 a result .. 

Type of crop 
On irrigated On non-irrigated p ~ ~ ~ ~ ~ f i  

land land 

Wheat 10-22.5 6-12.9 38-150 
Maize 15-20.4 7.5-14.2 44-100 
Setaria italica 18.8-19.5 8.3-10.2 91-127 
(var. maxima) 
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The crop capacity of cotton plants, when irrigaled, 
increases from 1.5 to 3 times (Offengenden, 1957). 
West and north-west China (Sinkiang, Inner Mon- 

golia) belong to the semi-desert and desert zone, 
with saline soils. Agriculture here is only possible with 
irrigation and the area of irrigated land in these parts 
is at present not large. There are however extensive 
tracts of bare land and reserves of river and under- 
ground waters which could be used for irrigation. 
In the People’s Republic of China, important research 
and construction work has been started for the 
establishment of new irrigation systems for the 
cultivation of cotton plants in the western regions 
of the country. 
The vast irrigation works of China include the 

famous Sinkiang kanats (underground tunnels, 
Icyagrizy ditches). 
Western China, remote from the sea, consists of a 

desert with a sharply continental climate and low 
rainfall. The mountains in this region, however, 
have a permanent snow blanket which in melting 
produces surface arid underground waters; a large 
part of the snow water filters into the soil and collects 
in aquifers at the foot of the mountains in the form 
of streams of groundwater. This water is captured 
and distributed over the fields by means of the cave 
wells. The Chinese, locating these aquifers, dig deep 
wells; then establish the upper and lower level of the 
aquifer, and proceed to sink a whole series of vertical 
shafts-at iniervals of 80-100 m. apart-in the top 
of the aquifer and in the bottom, 10-20 m. apart. 
They then dig a gently sloping tunnel, about 2 m. 
high and 1 m. wide to link up all the vertical shafts, 
and the water collected in the tunnel rises to the 
surface into an open canal. All that is usually visible 
on the surface of the desert is a row of open wells 
descending a slope, and a stream of water flowing 
out of the bottom-most well. The tunnels in this 
system are sometimes as much as 10-15 km. in length. 
No one knows exactly who first devised this clever 

system for the collection of groundwaters, or when. 
Chinese historical documents relate that a system 
of this kind was already operating in the basin of the 
Wei H o  River (the largest tributary of the Hwang 
Ho) in the Shansi Province in the Han epoch. The 
network of these kanats in western China (Sinkiang) 
is very extensive. According to the geologist Huan 
Chi Tsin, who investigated this system, these hori- 
zontal shafts total 2,500 km. in the Turfan depression 
alone. In his view, this system ranks in importance 
with the Great Wall of China and the Great Canal. 
Even now, the kanat system is still the most impor- 
tant irrigation system in Sinkiang, where there are 
as many as 1,500 underground iunnels, irrigating a 
total area of 20,000 ha. 
Icanats are also widely used in Turkmenia and 

Azerbaijan where, too, they were built from earliest 
times in order to capture the underground waters 

coursing down the slopes of the Kopet Dag and 
Caucasian mountains, and use them for irrigation 
purposes. 
The average life of a system of cavc wells is between 

100 and 150 years. The underground tunnels gradually 
become silied up, and the water channels blocked by 
ferric oxide, calcium carbonate, or gypsum. The 
flow of water into the wells becomes so small that 
a new line o€ wells has to be dug alongside the old 
one-in some places there are as many as six or 
seven lines of old wells which gives some indication 
of the age of irrigation in these parts of the world. 
At the present time, China possesses Lhe largest 

area of irrigated land in the world. In 1958, the total 
area of irrigated land in the People’s Republic of 
China was 53.37 million ha. constituting 48 per cent 
of the country’s total 112 million ha. of arable land 
(Table 6). 

TAELZ 6. Increase in the area of irrigated land in China 
(in thousands of ha.) 

Year Incrcase Total area 

1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

- 
520 

1 O00 
1600 
660 

1300 
8 500 
3 510 
1550 

780 

20 O00 
20 520 
21 520 
23 120 
23 780 
24 560 

34 360 
37 870 
53 370 

25 a60 

At the present e, irrigation systems are being 
constructed over an area of approximately 5 million ha. ; 
9,000 new electric pumps for distributing water 
over the fields have been installed, caiering for an 
area approximaiely 370,000 ha.; and there is the 
vast new Inhwan irrigation system on the River 
Hwang-Ho (50,000 ha.). In the Shantung Province, 
the Tao Kiang irrigation system caters for 220,000 ha. 
Large irrigaLion systems have also been constructed 
in western China. 
This great increase in the area of iriigated land in 

China is made possible by the vast State hydro- 
electric power stations built on the rivers, and by the 
active work of the Chinese peasanis. Since 1949, 
the Kwangtung, the Panvang, the Fuzilin, the 
Meihsien, the Baishai reservoirs have been built in 
China; the large sluices built include the Sanhochi, 
Dienheitze, Sheliho and Chenhotze; large irrigation 
and transport canals have also been conslructed. 
Thanks to government support, approximately 

300 major irrigation plants have been built or recon- 
structed in various parts of the country during recent 
years (Pu Tso-i, 1957). 
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During the past few years also, thanks to the efforts 
of co-operative and State farms, over ten million 
small dams, canals and other installations have been 
built or reconstructed in various parts of China 
(Fu Tso-i, 1957). In this period too, over five million 
new wells and vasi. numbers of shallow reservoirs and 
pools for irrigation have been constructed (Budarin, 
1957). 
The area of irrigation farming is to be further 

greatly increased-to a total of about 100 million ha. 
Research is being carried out and plans made for 

the construction of major irrigation systems on the 
Yangtse, on the middle and lower reaches of the 
Hwang Ho, on the lower reaches of the Hwai Ho; 
and on the Sungari and Nonni. Irrigation is the most 
important measure for dealing with erosion, flooding 
and drought. 
Together with new irrigation systems, China’s 

hydro-electric installations are being developed and 
the country is being electrified. Thus in the Hwang 
H o  basin, as part of the measures for the prevention 
of flooding, a cataract is being constructed out of 
46 reservoirs, to supply power for the hydro-electrical 
plants and irrigation water for approximately 8 mil- 
lion ha. of land. The scheme for exploiting the resources 
of the Hwang H o  includes the production of 23 mil- 
lion kWh. of electric energy, the irrigation of large 
areas and the navigation of about 1,800 km. of the 
river (Fu Tso-i, 1957). 
In the Yangtse Basin, it is planned to increase 

the irrigated area by about 18-20 million ha. The 
Dutzyanan irrigation sys tem is eventually to cater 
for an area of 340,000 ha. (Malinovsky, 1956). 
The Chinese Government is carrying out a vast 

scheme for the development of cotton growing. 
Cotton plants are cultivated in a wide geographal 
zone stretching from the 46th to the 17th parallel. 
The main cotton-growing area in China is the Hwang 
H o  basin, about 56 per cent of which is now sown 
with cotton plants. The main obstacles to the deve- 
lopment of cotton growing are the irregular distri- 
bution of the atmospheric precipitations, the spring 
drought and the soaking and fattening of the cotton 
plants in autumn. Over 37 per cent of the whole 
cotton-growing area is in the Yangtse basin. Cotton 
plants are grown in conjunction with wheat, beans 
or rape as secondary crops. Here too, excess of rain 
soaks the cotton plants in autumn whereas summer 
drought often leads to shedding of the bolls. 
In the tropical parts of China perennial cotton plants 

are often cultivated together with annual cotton 
plants, but the cotton-growing area in this zone is not 
large. Cotton growing is being developed in the lower 
parts of the Lia0 H o  Basin, but, since the frost free 
period here is short (150-170 dzys) only early-ripening 
types of cotton plants can be cultivated. 
Cotton has been grown in China for about 1,300 

years. In the past, the crop was small-150-200 kg. 

per ha. only. Nowadays, the average crop is 230- 
260 kg. per ha., and the gross yield of cotton yarn 
has increased from 849,000 metric tons in 1936 to 
2.5 million tons in recent years. In places where 
sufficient mineral and organic fertilizers are used, 
the crop capacity is as high as 3,700-1,600 kg. per ha. 
or even, in some places, 10,000 kg. per ha. 
Thanks to improved agro-technical methods, ade- 

quate fertilization, correct irrigation, measures for 
destruction of pests and abolition of plant diseases, 
together with the introduction of improved strains 
of cotton plants, it will be possible to raise the average 
crop capacity of cotton plants by 1967 to 300, 500, 
or 750 kg. per ha. in different parts of China (Yan 
Siang Tun, 1957). 
The cotton-growing area in western China is at 

present small, only about 3 per cent of the whole 
cotton-growing area of the Republic. But, in view 
of the relatively long frost-free period (up to 200 days), 
the abundant sunshine and the dryness of the atmos- 
phere it will be possible, with skilful irrigation and 
treatment of saline soils, to make this the second great 
cotton-growing area of China. 

USING ARID ZONES 
FOR STOCK BREEDING 

As indicated above, man has used the arid land of 
Eurasia from very earliest times not only for farming 
but also for nomaclic stockbreeding, an essential part 
of every primitive civilization. 
Stockbreeding in the arid zone played an exeep- 

tionally important part in the history of the develop- 
ment of mankind at the dawn of civilization. 
The domestication and use of camels, horses, 

horned cattle and sheep was every bit as important, 
at the time, as the invention of steam engines, and 
led to great progress in man’s fight against the desert. 
Man’s dependence on nature was greatly decreased, 
although it assumed new forms. In the dry steppes 
and waterless deserts where man could not otherwise 
exist, animals, subsisting on xerophytic and halo- 
phytic vegetation and saline water provided an 
excellent means of transport, milk for drinking, 
proteins and fats of various kinds, and raw materials 
for clothing, shoes and domestic purposes. The most 
valuable in this respect are camels and sheep, which 
can eat xerophytic vegetation that is apparently 
totally unsuitable as fodder, can go without water 
for long periods on end and can drink saline water 
which neither men nor horses can touch. And it is 
these animals which are most useful and productive 
in arid zones. 
In possession of a herd of sheep and camels, men 

can exist in steppe and desert zones hitherto regarded 
as uninhabitable. The art of nomadic stockbreeding 
was developed by dint of centuries of experience. 

c 
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The inhabitants of the arid zones of Asia and south- 
eastern Europe acquired great skill in exploiting the 
ability of steppe animals to adapt themselves to life 
in dry, waterless areas. Herds moved from one 
pasture to another with the changing seasons, some- 
times travelling thousands of kilometres between 
mountains and sands, floodlands and river deltas, 
ranging far to the north or south. 
In spring, when feeding on the fresh juicy spring 

pastures, cattle are able to go without water com- 
pletely for two to three weeks on end, a fact which 
cattle-breeders used very skilfully to great advantage; 
and herds can be pastured without water in winter 
if the dry autumn grass is damped by seasonal rains. 
Water-supply places for sheep located at intervals 
of one, two or three days' distance apart are used 
extensively all through the year, making it possible 
to move herds round the country in search of pasture. 
An example of this is the experience of the collective 
farm ' Erbent' in Kara-Kum (Yarov, 1949; Nechaeva, 
1944; Minervin, 1949). 

'During the fhst year of its existence (August 1941) the 
Erbent State Farm used the same water-supply places daily 
all the year round; as a result, by the summer of 1942, 
all pastures within a day's march of the water-supply 
places were bare although there were only half as many 
sheep as the size of the territory and the amount of fodder 
could, theoretically, support. During the second half of the 
summer extra fodder had therefore to be provided for 
the sheep. . . . In 1943 another system was adopted, with 
spaced-out water-supply places; and the State Farm began 
to function much better. In 1945 it was at the top of success; 
and it now possesses twice as many sheep as in 1942. All 
difficulties regarding lack of sufficient pastureland have 
been completely overcome despite the fact that the size 
of the herds has increased.' 

Nevertheless, the main factor governing the success 
of stockbreeding in arid zones is the water supply-the 
existence and the quality of water. From a study of the 
practical experience of the people living in the deserts 
of Asia, V. N. Eunin (1944) gave the following 
figures for the assessment of drinking water for 
human consumption, according to salt content 
(Table 7). 

TABLE 7. Salt contents in drinking water for man (Kunin) 

Maximum salt content (mg. per litre) ~~~d~~~~ 
Qunlity (in 
of water German r:iyue Na Ca Mg cl degrees) 

Good 1500 4'00 150 75 600 600 30 
Satisfactory 2 O00 500 250 125 700 805 45 
Passable 2 500 700 300 125 800 900 60 
Verypoor 3 O00 800 350 150 900 1000 80 

per litre) is not always available. In desert areas, 
lake waters and groundwaters always contain a 
much higher concentration o€ salts (10, 20, 100 gr. 
per litre). Local experience shows that water with 
a salt content of 5-6 gr. per litre can only be used 
for drinking in emergencies; after a few days of 
drinking such water, people are liable to fallill. Ani- 
mals are able to adapt themselves much more easily 
to drinking the salt water found in the deserts-they 
can very well drink water with a salt content of 
5-7 gr. per litre, or in emergency even as much as 
15-20 gr. per litre, particularly in the winter. Young 
unweaned animals cannot of course stand such a 
high concentration of salt, a fact which stockbreeders 
always take into account. 
The following table, drawn up by Kunin, gives 

figures for the salt contents of water used for drinking 
by herds in the deserts of Turkmenia (Table 8). 

TABLE 8. Salt contents in drinking water for cattle (Kunin) 

Maximum snit content (mg. per litre) Hardness 
(in 

q'Y German 
residue Ca Mg "4 degrees) 

Quality of water 

Good 
Satisfactory 
Passable 
Passable in 
emergency dur- 
ing spring and 
summer 
Passable in 
emergency dur- 
ing autumn 
and winter 

3 O00 800 
5 O00 1500 
7 O00 2000 

10 O00 2500 

15 O00 4000 

350 150 900 
700 350 2000 
800 500 3000 

900 600 4000 

1000 700 6000 

1 O00 
2 500 
3 O00 

80 
150 
200 

4 O00 250 

6 O00 250 

During the winter, camels or sheep can sometimes 
be seen drinking the water of the Caspian Sea, 
which has a salt content of 12-13 gr. per litre. An 
interesting example of this is the Ust Urt desert 
plateau lying between the Caspian and Aral seas. 
Stockbreeding has existed in this area since time 
immemorial, using as watering places the pools of 
rainwater (in spring) and in particular the ground- 
waters. There are also hundreds of wells of 5-10 m. 
or more often 15-25 m. deep, sometimes as much as 
30-60 m., containing water with a high salt concen- 
tration (5-10 gr. per litre), suitable for cattle but not 
for humans. In a few places the salt concentration 
in the well-water is only 1-3 gr. per litre, making it 
suitable for humans (Fig. 14). The Ust Urt pasturelands 
provide pasture for up to 2 million animals, mainly 
sheep producing Persian l a d  (astrakhan) fur. 
The Soviet scientists N. N. Pelt and V. F. Cher- 

vinsky are of the opinion that, by constructing a 
further 950 deep wells on the Ust Urt plateau and 

satisfactory drinking water (salt content, 1-2 gr. improving winter conditions, it would be possible to 
In dry steppes and semi-desert areas, a supply of 
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FIG. 14. Map showing the depth of the groundwater strata on the Ust Urt plateau, and their mineralization. (N. N. Pelt, 
V. F. Chervinsky.) 
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raise the number of animals pastured here to 3.3 mil- 
lion. This is now being done. 

The original inhabitants of the Ust Urt Desert 
(Kazakhs, Kara-Kalpaks) are past masters in the art 
of finding water supplies. They are able to judge 
where water may exist from ihc topography and the 
vegetation (Alhagi camelorum, Peganum harmah). 
They dig wells to a great depth (as much as 50-70 m.) 
reinforcing them with stone or wood (haloxylon). 
In order to increase the water capacity of the wells, 
they dig 4-6 supplementary underground collector- 
shafts alongside each other, and bring the water up 
to the surface by. a simple mechanism operated by 
camels. 
Nowadays the water of wells in the steppes and 

deserts of the USSR is raised by a highly perfected 
type of wind turbine. The wind power specialist 
N. V. Krassovsky (1934, 1939) calculated that, with 
an average wind speed in the desert of 6-7 m. per sec., 
the annual total of electric power produced in the 
deserts of the USSR could easily be brought up to 
6.5 trillion kWh. 

This quantity of electric power would fully cover 
the needs not only of water supply and irrigation 
equipment in the desert, but also of industry, trans- 
port and domestic usage. The power specialists and 
industry of the USSR now design and manufacture 
wind turbines of various types (A. V. Vinter and 
N. M. Tikhomirov). SLeps are being taken every- 
where to provide water for pasturelands in the arid 
zones of the USSR, China and Mongolia. Wells and 
pools are being built and deep borings made. Thus, 
for example, at the beginning of 1958 there existed 
on the pastureland of Kazakhstan over 27,000 shaft 
wells, over 3,000 pools and pits and 2,740 deep 
borings, fully watering 61 million ha., and partially 
watering a further 21 million ha. of pasture lands 

Thanks to the deep borings, vast quantities of 
fresh artesian waters have been discovered in the 
sandy pasturelands of Kazal-Kum and Kara-Kum. 
Large irrigation works have been installed also in the 
Caspian steppes, into which the waters of the Kuban 
and the Terek have been diverted by means of a 
canal system. 
A very important factor for the development of 

pasture stockbreeding is the temperature régime of 
the area [il]. Camels (and Persian and fat-tailed 
sheep to a slightly lesser extent) thrive excel- 
lently in the high temperatures of the desert area 
(+ 40" C. to + 45' C.). Fine-fleeced sheep already 
begin to flag at temperatures between + 25" C. and 
+ 30" C.; large-horned cattle are also bad at adapting 
themselves to high temperatures. The animals which 
thrive best in the cold winters in the deserts are 
horses and fine-fleeced sheep. 

Pasture cattle-breeding plays an extremely impor- 
tant 'part in the economy of the arid regions of the 

[111- 

USSR, the People's Republic of China and the 
Mongolian People's Republic. The total area of 
natural pastureland in the arid regions of the USSR 
is about 225 million ha. 

The yearly stock of natural cheap fodder in this 
area runs into several million metric tons; the cheapest 
of all is pasturable fodder. According to the calcula- 
tions of Academician I. V. Larin, one unit of pas- 
turable fodder is several times cheaper than one unit 
of grass, grain, silus or root crop fodder. Kazakhstan 
m a y  be taken as an example of the special charac- 
teristics of stockbreeding in arid zones. According to 
the data given by Chervinsky, the pasturelands of 
the Razak SSR, with an area of 130 million ha., 
produce approximately 17 million units of fodder, 
which is equivalent, in nutritive value, to 25 million 
metric tons of grain. Used rationally, this fodder 
will suffice for 50 million sheep, producing up to 
500,000 metric tons of meat and 150,000 metric 
tons of wool per year. It will subsequently be possible 
to increase the number of cattle in this area to 
75 million. 
The natural fodder growing in the arid steppes and 

deserts of Asia is entirely different from that growing 
in humid zones. One of the best and most important 
plants is wormwood (in particular Artemisia terrae 
alba and A. herba alba). Cattle eat wormwood all the 
year round, and it contains large quantities of carbo- 
hydrates, fats and proteins. Another important plant 
is the saltwort, Salsola laricqolia, which grows in 
the deserts of Central Asia; cattle eat the leaves and 
young shoots of this bush which grows nearly all 
the year round. Another plant, eaten in autumn and 
winter only is the Salsola gemmascens, which contains 
large quantities of salt in the dry matter, and is less 
rich in fats; its nutritive value improves, naturally, 
after the autumn and winter rains which wash away 
some of the salts it contains. The Anabasis SUESU, 
of which there are large quantities, is not good for 
fodder and is used only in the autumn and winter 
seasons. Extremely useful fodder, on the other hand, 
especially in wet years, is provided by the winter 
and spring ephemerals found in large quantities in the 
southern, warmer parts of the Central Asian deserts 
(the cereal Eremophyrum orientale the sedge Carex 
physodes, Malcolmia africana etc.). 

The seasonal availability of natural pasture differs 
very much in different parts of the arid zone. In the 
coldest steppe regions of the arid zone, provision 
has to be made, in winter, for 150-180 days when 
cattle have to be provided with rudimentary shelter 
and fed with specially prepared fodder. 
In the semi-desert zones of Kazakhslan and Mongo- 

lia, there are only about 80-90 days when cattle 
cannot be put out to pasture; in the deserts of Central 
Asia the number of non-pasturing days is even 
smaller, i.e., 30-4CO. In the southernmost, hottest 
parts of the deserts of Tadjikistan, Uzbekistan and 

. 
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Turkmenia there may possibly be, during some winters, 
5-15 days when cattle have to be taken into heated 
shelters and fed with special fodder. But in the hot 
deserts of Asia and south-eafit Europe cattle as a rule 
feed on winter ephemerals, wormwood and saltwort, 
including the pulpy halophytes and the shoots of 
haloxylons. 
In spring and summer the most common fodders 

are wormwood and wormwood-grass associations. 
In the autumn cattle eat wormwood, xerophytes and 
halophytes (dry and pulpy saltworts) of various 
types. 
In sand deserts, cattle and wild herds have always 

eaten all kinds of desert grasses, and the leaves and 
shoots of bushes and trees (Haloxylon persicum, 
Haloxylon aphyllum, Calligonum, etc.) as fodder. 
The pasturing period in the southern sand deserts 
constitutes 11-12 months of the year. The sand 
pastures are particularly valuable during the autumn 
and winter, when there is little natural fodder avail- 
able on the flat clayey deserts. It is easier in the 
desert to find shelter from hard frosts, and pasturage 
is always available. This explains why huge herds 
of antelopes and gazelles (dzhairany) are always 
to be found even now in the Haloxylon thickets in the 
sand deserts. 
In order to give an idea of the typical vegetation 

of the Kara-Kum sand desert in Turkmenia, the 
following data have been taken from N. Nechaeva’s 
report 6351 : 

The vegetation here consists of large shrubs, semi- 
shrubs and annual and perennial grasses. 
Most of the large shrubs are 1-2 m. high and they 

form the first layer of shrubs. There are a few tree- 
type shrubs as much as 5-7 m. in height. 
The arboreous-shrub layer is formed on white 

haloxylons or ‘ sasak’ (Haloxylon persicum) inter- 
spersed with black haloxylons (Haloxylon aphyllum), 
various types of ‘ kandym’ (Calligonum setosum, 
c. densum, C. caput medusai) and ‘Cerkez’ (Salsola 
richteri); in the shifting-sand areas, Paletsky ‘ Eerkez’ 
(Salsola paletzkiana) and ‘ bordiok’ (Ephedra 

. strobilacea); on the sand hills, sand acacia or ‘ syuzen’ 
(Ammodendron conollyi). 
Semi-shrubs are much rarer as regards both quantity 

and type. The most common are two types of astragal : 
the Astragalus unìjoliolatus on Gxed sands and on 
shifting sands the Astragalus paucijugus. 
The most prevalent types of large grass plants 

growing on the fixed sands are ‘uroCki-selin’ (Aristida 
pennata var. minor), ‘ kert ’ (Convulvulus divaricatus) 
and ‘ ketgen’ (Salsola pellucida); round the edges 
of the takyrs, and also sometimes near patches of 
bushes, pulpy saltwort are found (S. lunata, S. tran- 
soxana, S. turcomanica). Large grasses and semi- 
shrubs constitute the second layer of vegetation 
in the sand. The main vegetative cover of the sand 

is however formed by the third, grassy layer, of 
small grasses consisting of perennial sand sedge or 
‘ilak’ (Carex physodes)-the most prevalent type of 
vegetation, highly important from the economic 
standpoint-and a whole series of spring annuals, 
frequently called ephemerals on account of their 
brief flowering period. Of the spring annuals the 
most prevalent are as follows : cereals-Eremopyrum 
orientale, E. honapartis, Bromus tectorum ; miscella- 
neous grasses-Hypecoum paruiflorum, Arnebia cor- 
nuta, Nonea picta, Malcolmia grandifZora, Streptoloma 
desertorum, Isatis emarginata, I, minima, Meniocus 
linìjolius, Ceratocephalus falcatus, etc. 
Pasturage, including areas where shrub pasturage 

predominates, covers over 50 per cent of the total 
area of Turkmenistan, measuring approximately 
25 million hectares. The distribution into biological 
groups (totalling 71 species) observed on given ex- 
perimental plots, is as follows : 
Perennials : shrubs 5; semi-shrubs 1; grasses, spring 
(ephemeroids) 11, summer-spring (long-growing 
period) 7. 24 species. 

Annuals : spring (ephemeroids) 43; summer 4. 
47 species. 

Economically speaking, the most important plants 
from the pasturage point of view are spring perennials, 
ephemeroids, including ‘ilak’ or sand sedge (Carex 
physodes) after which come the spring annuals and 
finally, shrubs. 

The local population, being fully familiar with the 
geographical and botanical features of their pasturage, 
moved their herds round continually year by year 
in order to take advantage of the cool and better 
pasturage in summer, and provided grass pasturage 
and protection against cold in winter. In the case of 
deserts in the vicinity of mountains, the herds grazed‘ 
in the mountains in late spring and in summer they 
went up to the alpine zone meadows (Caucasus, Tien 
Shan); in winter they grazed in the valleys, in the 
foothills and on the sand. 
In the flat desert plains w e  find a meridional type 

of nomadism, with the herds kept in the warm southern 
parts and on the sands in winter and in summer 
migrating northwards, to return again to the south 
at the end of the summer, descending from the plateau 
into the depressions. A point to be borne in mind is 
that the fertility of the pasturage in the arid zones 
varies greatly from year to year, being much decreased 
in drought years. For this reason, stockbreeding must 
be combined with farming so that supplementary, 
concentrated fodder can be produced. 
The probable frequency of fodder shortage in the 

Kazak SSR, for example, is indicated by the following 
figures: steppe zone, 10-20 years out of 100; semi- 
desert zone, 20-30 years out of 100; desert zone, 
50-70 years out of 100. 
Pasturing stockbreeding is much better adapted 
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TABLE 9. Proportion (in millions of ha.) of arable and pastureland in Kazakhstan (Chervimky [il]) 

Zone 

- 
Divided into 

Others Totnl 
oren 

Arable land I h y  Pnature 

Steppe and arid steppe 
Semi-desert 
Desert 
Foothills 
Total 

% % % % 
78.9 25.0 (31.6) 3.8 (4,8) 33.6 (42.6) 16.6 (21.0) 
96.4, 2.7 (2.8) 3.5 (3.6) 64.9 (67.3) 25.3 (26.3) 
77.3 1.1 (1.3) 1.1 (1.4) 51.4 (66.7) 23.7 (30.6) 
23.3 2.9 (12.5) 0.9 (4.0) 15.8 (68.0) 3.6 (15.5) 
275.9 31.7 (11.5) 9.3 (3.4) 165.8 (60.1) 69.1 (25.0) 

to arid zone conditions than dry farming. Hence, 
as the climate gets drier stockbreeding becomes more 
prevalent and dry farming less prevalent, with a 
corresponding increase in the importance of irrigated 
farming. This is clearly illustrated by the following 
figures for types of farming in the Kazak SSR (Table 9). 
Chervinsky divided the pasturage of the semi- 

desert and desert zones of Kazakhstan into seven main 
types, according to the vegetation : (i) grasses (on non- 
saline light-chestnut soils); (ii) grass-wormwood asso- 
ciation; (U;) grass-wormwood-saltwort association 
(on stony and flinty soils); (iv) wormwood-saltwort 
association; (v) ephemerals-wormwood-saltwort asso- 
ciation (semi-turfed sands and lighz grey soils); 
(vi) wormwood (on saline soils); (Yu) ephemeral- 
wormwood-saltwort association (with haloxylon). 
Wormwood-saltwort and saltwort associations cover 
as much as 55 per cent of the pasture lands of 
Kazakhstan. 
On the basis of the analysis of the natural features 

governing the use of the territory and the possibilities 
of development, Kazakhstan may be divided into the 
following zones : 
Steppe : dairy and beef-cattle breeding, breeding of 
fine-fleeced sheep and farming as the basis of the 
agricultural economy. 

Dry steppe : dairy and beef-cattle breeding, sheep- 
breeding for meat and wool, and dry farming. 

Semi-desert : breeding of sheep for wool, breeding 
of horseherds, and irrigated farming. 

Desert : sheep-breeding for wool and fur, and irrigated 
farming as the basis of the agricultural economy. 

Foothills : dairy and beef-cattle breeding, sheep- 
breeding for meat and wool, dry farming. 

Despite many centuries' experience, nomadic stock- 

breeding in the past, productive though it was, had 
many weaknesses. After a thousand years of unplanned 
exploitation of pasturages, the natural vegetation 
was largely destroyed and impoverished as a result 
of excessive use, besides which the vegetation had 
been taken by m a n  for use as fuel. The sands had 
begun to shift. Dust storms were frequent on the 
pasturelands; and in winter millions of cattle died 
as a result of lack of water, ice crusting of the ground, 
snowstorms and shortage of fodder. 
The people engaging in nomadic stockbreeding 

were cut off from the amenities of society. All this 
has now been changed, thanks to the introduction 
of socialistic principles of economy and the achieve- 
ments of science. Through the use of the radio, cars 
and aeroplanes, stockbreeders are provided with food 
and with technical and cultural amenities. The water 
supply has been improved by a network of canals, 
wells and borings. Bases are being established, 
containing concentrated fodders and shelters. Vast 
areas are planted with haloxylon, Emgropyrum and 
other vegetation by aerial sowing for ' phytoameliora- 
tion' of the sands and improvement of the grass crops 
on pasturages. A network of new settlements is being 
established, complete with schools, medical services 
and irrigation systems; also a series of scientific 
institutes and a zoo-veterinary service with regional 
teams of zoo-technicians. The cattle strains are being 
improved; and pasturelands and herds are now 
owned either by collective farms or by the State 
farms. As a general rule, pasture cattle-breeding is 
systematically planned, and combined with field crop 
cultivation in collective and State farms. All these 
measures have resulted in a substantial increase in 
the productivity of desert-steppe stockbreeding. 
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APPENDIX 

List of the most common plants found on the Ust Urt Plateau Desert and the Kara-Kum Desert 
with their local names (N. N. Pelt, V. F. Chervinslcy) 

LATIN NAME 

dcanthophyllum olatius Bge. 
deluropus Zitoralis (Gauan.) Parl. 
Agriophyllum latifolium F. et M. 
Agropyrum sibiricum (Willd.) P.B. 
Alhagi pseudoalhagi (M.B.) Desv. 

Alyssum minimum Willd. 
Amberboa turkestanica L. 

Ammodendron conollyi Bge 
Ammodendron karelirzi F. et M. 

Anabusis aphylla L. 
Anabasis brachiato: F. et M. 

Anabasis eriopoda (Schreak) Benth. 
Anabasis ranosissirna Minkw. 

Anabasis salsa (C.A.M.) Benth. 
Anabasis truncata (Schrenk) Bge. 

Aristida karelini (Trin. et Rupr.) Roshev. 
dristida pennata var. minor Litw. 
Arnebia decumbens Fisch. et Mey. 
Arnebia orientalis (Pall.) Lipsky 

Arnebia turanica M. Pop. 
Artemisia dimoana M. Pop. 
Artemisia eriocarpa Bge. 

Artemisia herbu-alba Asso. 
Artemisia karelini Krasch. 
Artemisia majkara N. Pav. 

Artemisia santolina Schrenk 
Artemisia taurica Willd. 

Artemisia terrae albae Krasch. 
Asparagus breslerianus Schult. 
Astragalus breslerianus N. Pav. 
Astragalus erioceras F. et M. 
Astragalus Jilicaulis F. et M. 
Astragalus macrotsopis Bge. 

Astragalus paucijugus C.A.M. 
Atraphaxis spinosa L. 
Atriplex cana C.A.M. 

Bromus tectorum L. 
Calligonum aphyllum (Pal.) Gürke 

Calligonum sp. L. 
Caragana grandiflora (M.B.) DC. 

Carex physodes M.B. 
Ceratocarpus arenasius L. 

Ceratocarpus turlcestanicus Sav. Rycz. 
Ceratocephalus falcatus Pers. 

Convolvulus divaricatus Bge. et Schmalh. 
Convolvulus frutícosus Pall. 
Cousinia bipinnata Boiss. 

Cutandia memphitica (Spreng.) Richter 
Delphinium camptocarpurn F. et M. 

Delphinium rugulosurn Boiss. 
Descurainia sophia (L.) Schur. 
Diptychocarpus strictus Trautv. 

Dorema sabulosum Litw. 
Elymus giganteus Vahl. 

LOCAL NAME 

Ak-tken' 
cair 
Zaruk 
Erkek 
Jantak 
Majadane 

Sjuzen 
Kujan-suek 
Ul'druk 
Kyrk-bugun 
Kyrk-bojun 
Kyrk-bojun 
Bijurgun 
Kyrk-bugun 
Erkek-selin 
UrkaCi-selin 

J ~ P Y ~  

Porsy-bozogon 

EGan 

EvSan 
Bozogon 
AdZ-evHan 
Evgan 

Nah-hotak 
EvSan 
Singren 
Tue-sygar 
Kokpek 
Epelek 
Kandym 
Kandym 

Ilak 
At-da-mak 
At-da-mak 
Cerryk 
Ak-kert 

Derne-davan 

Ag-gjdi 

S ygyr-kuirjuk 

Iljan , 

Kij ak 

LATIN NAME 

Ephedra strobilacea Bge. 
Epilasia hemilasia Bge. 

qremopyrum buonapartis (Spreng.) 
Nevski 

Eremopyrum distans (C. Koch) Nevski 
Eremopyrum orientale (L.) Jaub. et Spach 
Eremurus anisopterus (Kar. et Kir.) Rgl. 

Erodium cicutarium (L.) L'Hérit. 
Euphorbia turcraninowii Kar. et Kir. 

Eurotia ceratoides (L.) C.A.M. 
Ferula fmtida (Bge.) Rgl. 

Ferula karelini Bge. 
Gagea reticulata R. et Sch. 

Goldbachia laevigata (M.B.) DC. 
Halirnocnemis karelini Moq. 

Halimocnemis uillosa Kar. et Kir. 
Halocnemum strobilaceum M.B 

Haloxylon aphyllum (Minkw.) Iljin 
Haloxylon persicum Bge. 

Haplophyllum bungei Trautv. 
Haplophyllum obtusijoliurn Lab. 

Heliotropiurn argusioides K. et K. 
Horaninowia ulicina F. et M. 
Hypecoum trilo bum Trautv. 

Isatis minima Bge. 
Isatis violascens Bge. 

Kalidium caspieum (L.) Ung.-Sternb. 
Kochia prostrata (L.) Schrad. 

Kcelpinia linearis Pall. 
Lachnoloma lehmannii Bge. 

Lallemantia royleana (Wahl.) Benth. 
Lappula echinophora (Pall.) Ktze. 

Launea korovini Bge. 
Leontice incerta Pall. 

Lepidium perfoliatum L. 
Leptaleum filifolium (Willd.) DC. 
Malcolmia africana (L.) R. Br. 

Malcomia scorpioides Bge. 
Matricaria lamellata Bge. 

Matthiola chenopodiifolia F. et M. 
Nanophyton erinaceum (Pall.) Bge. 

Nitraria schoeberi L. 
Peganum harmala L. 

Petrosimonia glauca (Pall.) Bge. 
Plantago lagocephala Bge. 

Pou bulbosa var. vivipara Koeler 
Polygonum aviculare L. 

Psammogeton setifolium Boiss. 

Hemsl. 
Reaumuria fruticosa Bge. 

Reaumuria oxiana (ldb.) Boiss. 
Rheum turkestanicum Janisch. 
Rhinopetalzcm karelini Fisch. 

Ranunculus leptorrhynchus Aitch et 

LOCAL NAME 

Bordiok 

Arpagan 
Arpagan 
Arpagan 
Sirjag 
Cduk 
Suttegen 
Teresken 
Cornu6 
Kosjuk 
It-adiuva 
Kekre 
Jarmanlyk 
Tomalatba 
Sorotan 
Kara-sazak 
Ak-sazak 

Gjunoik 
Sary-tken 

+tyr 

I~~~~ 

Cetyr ' 

Tjube-sorang 

Pigik-derne 

Narpyzyk 
Mavi-gulli 

Cetyr 
Buinuz 
Kizyl-kizylok 

Tat-baSi 

Tas-bijurgun 
Ak-tken' 
Adraspan 
Koj dieljuk 

KyrtyC 
Kzyl-tomar 

Issek 

Eshen 
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LOCAL NAME LATIN NAME LOCAL NAME LATIN NAME 

Roemeria hybrida (L.) DC. Smirnovia turkestana Bge. Patlak 

Salsola carinata C.A.M. Pciimek Stipa hohenackeriana Trin. et Rupr. Dele 
Salsola chivcnsis M. Pop. Stipa holosericea Trin. Dele 
Salsola gemmascens Pall. Tetyr Stipa sareptana Becker. Dele 

Salsola lunata Pall. Kuii-gezy Stipa szowitsiana Trin. Dele 

Salsola praecox Litw. Ketgen Tetracme quadricornis (Steph.) Bge. Cemyr 

Salsola arbuscula Pall. Bojalyt Statice suffruticosa L. Kokpekte 

Salsola laricifolia (Turcz.) Litw. Bojalyt Tamarix sp. Ilgyn 

Salsola richteri Karel. cerkez Tortula dosertorum Broth. Kara-harsang 
Salsola rigida Pall. Kevryik Tragopogon krascheninnikowii Gmel. 

Salsola subaphylla C.A.M. Cogon Tulipa sogdiana Bge. Cigil’de 
Schismus arabicus Nees. Cair-epelek Veronica campylopoda Boiss. Kujan-iin 

Senecio coronopifolius Desv. Japyr Zygophyllum macropterum C.A.M. 
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DEVELOPMENT OF LAND USE 
IN NORTHERN AFRICA 

With references to Spain 
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NATURAL C O ND IT I O N S 

North Africa, or the Maghrib, which includes Morocco, 
Algeria and Tunisia, is adjacent to the Sahara, 
which is the largest and driest of the world’s hot 
deserts [21].1 While it is not itself desert land, four- 
fifths of its area lie in the more or less arid zone, 
and it marks the transition to the countries with 
a definitely Mediterranean climate. It will be recalled 
that these countries have a temperate climate, charac- 
terized by the fact that the dry season coincides 
with the hot months (summer) and the rainy season 
with the comparatively cool months (autumn, winter 
and spring); but precipitation, which varies in quan- 
tity from region to region, also fluctuates from season 
to season and from year to year [U, 131. 
In North Africa, there is only one humid and 

subhumid zone (roughly distinguished by having a 
mean annual rainfall of more than 600 mm.) which 
is completely free from aridity, with a number of 
isolated uplands surrounded by dry regions, like the 
High Atlas in Morocco, and the Aurès. It represents 
only one-fifth of the total area, and covers the north 
of Morocco, on the Atlantic coast with the slopes of the 
Middle Atlas facing the Atlantic, and the northern 
side of the Algerian and Tunisian Tell Atlas mountains 
from Algiers to Bizerta. For the most part, it is made 
up of mountainous regions covered with thick forests 
of holm-oak or cork-oak, and sometimes of sea pines 
or cedars, which have often degenerated into scrub; 
deciduous trees are also characteristic of the region. 
The best land is to be found where the wild olive and 
the mastic tree both grow. Soil scientists find that 
unsaturated soils predominate and there is a tendency 
to podsolization. This zone will not be dealt with in 
this study, except for occasional references to it. 
Between this small zone, which is definitely Medi- 

terranean, and the Sahara, an arid desert region which 
is dealt with in another chapter, lie four-fifths of the 
area of North Africa, regions with modified Mediter- 

ranean characteristics, which are already more or 
less dry; some may be called ‘semi-arid’, and others 
‘non-desert arid lands’. 
The former, which cover a comparatively small area, 

have an annual rainfall averaging between 350-400 mm. 
and 550-600 mm. and are Mediterranean rather than 
arid [52]. The soil is yellowish brown, and usually 
calcareous or chalky. In the low-lying plains of Oran 
the river deposits become saline [Z, 44, 94, 981. The 
main forest vegetation is the holm-oak and the 
Aleppo pine, and sometimes the thuja. Where this 
deteriorates, it is succeeded by thin scrub. The dis- 
tinctive vegetation of the plains is one of scattered 
jujube trees (Zizyphus lotus) rather than of mastic 
and wild olive trees [46, 671. Saline depressions are 
marked by the halophilous plants of the shotts and the 
clay of the sebkhas (solonchak), which sparkles with 
salt. In general, this area covers the non-humid 
regions (and those which are not even subhumid) 
of the areas known as the ‘Tell’ in Algeria and Tunisia, 
and half of the plains on the Atlantic coast of Morocco. 
Included in it are some southern groups of moun- 
tains like the High Atlas and the Aurès. 
It would be more correct to call the ‘non-desert 

arid lands ’ sub-arid or sub-Saharan-the important 
point is to bring out the difference. They form a zone 
with a low and erratic rainfall-ranging from 150- 
200 mm. to 350-400 mm.-a light-coloured soil and 
scant, scattered vegetation. The soil is mainly chalky 
and, owing to the fact that the fall of the water has 
been only partly towards the sea since the middle 
of the Tertiary period, it is largely composed of 
continental sediments, often encrusted, and of recent 
alluvial deposits, which as they become saline result 
in the formation of shotts and sebkhas. The degree 
of aridity is such that the wind can affect the contour 
of the soil and bring about the formation of small 
dunes. Elsewhere than on the mountain ranges, 

1. The figures in brackets refer to the bibliography at the end uf the chapter. 
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which still carry sparse forests of holm-oaks, Aleppo 
pines and large numbers of junipers, the scanty 
vegetalion consists of small, bushy plants like the 
artemisias or hardy Graminaceae, such as alfa grass 
(Stipu tenacissinzu) or esparto grass (Lygeurn spar- 
turn). The herbaceous annuals are to a very great 
extent dependent on the rainfall. On the analogy of the 
Russian steppes, the French have given the name of 
‘steppes’ to these arid regions which most of the 
native inhabitants regard as part of the Sahara; 
they are actually intermediate between the Tell, 
which is still more or less Mediterranean, and the 
desert. 
The truth is that, apart from the small number of 

trees, these steppes have almost nothing in common 
with the steppes in the Soviet Union, which include 
black earth zones and deep brown soil, and are covered 
with thick, herbaceous vegetation which does not 
dry up in summer, because the rainfall is considerably 
heavier and particularly because it occurs during the 
hot season-both factors of prime importance. 
Soviet geographers do not consider that these regions 
in North Africa have any of the features of steppeland; 
instead, they find similarities with the semi-desert 
regions in their own country, and suggest calling 
them ‘semi-desert regions’ [55]. 
In these semi-arid and arid regions, the dry condi- 

tions prevailing in summer make it essential to water 
most cultivated shrubs and all summer crops, as in 
Mediterranean countries. In the arid zone, however, 
irrigation is essential for all crops, owing to the low 
rainfall. Where the mean annual rainfall is between 
200 mm. and 300 mm., 2,000-4~,000 m.3 of water per 
hectare are needed each year for wheat, 3,000-6,000 me3 

for olive trees, 6,000-8,000 m.3 for fruit trees if no 
crop is grown between the trees (e.g., as in the case 
of apricots), 10,000-15,000 me3 for fruit trees where 
market gardening is carried on between the trees, 
and 15,000-16,000 m.3 for lucerne. These water 
requirements, which vary according to the soil, 
are considerably less than the amounts needed in the 
oases in the Sahara, which, with their palm trees and 
‘layered’ crops, require 20,000-30,000 m.3. 
On one side of the Maghrib is the Spanish peninsula, 

and on the other, Libya. Although each has a long 
Mediterranean coastline, both of them-and parti- 
cularly Libya-show African features, with very 
definite aridity. Only about one-fiftieth of Libya 
is not desert (and largely very arid desert) while the 
only humid region in the country is the centre of the 
Jebe1 Akhdar (Green Mountain) in Cyrenaica [U, 331. 
About half of the Spanish peninsula is semi-arid, and 
the south-east is arid. Reference will be made to these 
two countries from time to time, particularly because, 
both in ancient times and in the Middle Ages, they 
have to a very large extent shared the history of 
the Maghrib [go]. (See also Fig. 1.) 

TRADITIONAL METHODS OF LAND USE 

In the arid and semi-arid regions of North Africa it 
is possible to use the land, and has been possible 
throughout the centuries, only by the application of 
suitable techniques : special dry-farming methods for 
cereals as well as trees; various methods of irrigation, 
some of which make use of a regular, steady stream 
of water fed by springs, wells or permanent rivers, 
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while the object of others is to harness the flood 
waters of torrents and local run-off and to spread them 
over the fields; and the preservation of the vegetation 
covering the slopes or the practice of terracing the 
fields. As the traditional agricultural techniques and 
procedures used by the inhabitants today appear to 
have changed very little over the centuries, and as it is 
difficult to say exactly what progïess was made in 
each period, it seems advisable to begin by giving 
a fairly detailed description of these techniques and 
procedures. 

D R Y  FARMING 

Dry farming naturally accounts for the greater part of 
the land under cultivation, mainly in regions defined 
as semi-arid. A variety of procedures are used of 
course and w e  have to consider not only annual crops 
like cereals (e.g., wheat and barley) and some legu- 
minous crops (e.g. beans) but also tree growing. 
It must be remembered that trees-especially fig 
trees and olive trees-are much more important and 
are more valuable as a source of food in Mediter- 
ranean countries than in moderate or cold temperate 
regions. 

Cereals are traditionally grown in two-year rotation, 
with a fallow period when the land is used for pasture. 
In an extensive economy which includes both the 
growing of cereals and the raising of flocks, this 
arrangement meets the need to let the ground rest, 
to manure it after a fashion, and to provide food-also 
after a fashion-for COWS, oxen or a small herd of 
sheep and goats. 
Preparatory spring ploughing is not unknown, 

especially where the soil is heavy. It has long been 
practised here and there, at least in Algeria and 
Tunisia [97]. Snatch crops-primarily beans, chick 
peas and lentils-do not yield any substantial results, 
because of the lack of adequate rain outside the humid 
zone, except, occasionally, in the area immediately 
adjacent to it. 
The usual practice is to sow even before ploughing. 

The farmer waits until the first autumn rains have 
loosened the soil. Then he divides his fields up into a 
number of rectangular strips, which he marks out 
with the plough; he then sows them and immediately 
afterwards ploughs them [9, 35, 36, 701. In many 
cases, however, the land is ploughed as a preparation 
for the sowing of the seed and before the seed is 
ploughed in. In any case, the ploughing is a mere 
scratching of the soil, a harrowing with a wooden 
swing plough which has an iron ploughshare. It is not 
strong enough for heavy land, but on hillsides which 
are liable to erosion it has the advantage of turning 
over only a thin layer of earth. 
On the heavy soil in the Tell, the swing plough is 

harnessed to a pair of oxen, and sometimes, in these 

days, to horses or mules. On light soil, which is more 
common in arid regions, one animal is sufficient. 
The mountain dwellers use mules, and ihose who were 
once herdsmen use horses; camels are not used very 
often, except in Tunisia, to the south of the Dorsale 
and in Libya. The careless habit of going around 
obstacles such as trees, jujube bushes, or clumps of 
hardy grasses, has the advantage of leaving intact 
well-rooted plants which hold the soil in place on 
hillsides and provide shade for a vasiety of annual 
vegetation and a small amount of humus. 
The drier the region, the less grain the farmers sow 

on the surface. In Tunisia, for example, they use 
100 kg. of seed to the hectare north of the Upper 
Tell, in the Kef and Teboursouk regions, as is custo- 
mary in the more northerly countries. Around Thala 
and Mahtar, they sow 80 kg. of wheat and 70 kg. of 
barley. On the other side of the Dorsale, the figures 
fall to 50 kg. and 40 kg. and in the sandy regions in 
the south of Eastern Tunisia only 30 kg. of wheat and 
20-25 kg. of barley are sown per hectare. By sowing spar- 
sely, even very sparsely, the farmers-who are usually 
herdsmen-have smaller losses to face when there is 
no harvest at all owing to drought, which frequently 
occurs, On the other hand, they counl: on the tendency 
of wheat and particularly barley to tiller with the 
help of rain, moisture borne on the wind or a slight 
trickle of run-off water; because of this, good harvests 
may be produced in ceriain areas, but they are excep- 
tional [34]. Barley is the cereal favoured in the driest 
areas, since it is better suited to light soils than hard 
wheat, requires less water, and ripens about three 
weeks earlier, so that is is less likely to be shrivelled 
by the hot south wind (the sirocco). It is sometimes 
harvested in the second half of April or in May [36,74]. 
In all regions, reaping is done with the sickle, and 

the ears are cut high up, so that the slraiv, which is 
left on the ground, may be used for the cattle. 
When the land is not farmed by the owner himself, 
the share-crop farming system-on the basis of 
either one-fifth (khammès) or one-quarter (rebâa) 
of the crop-is universally adopted [83]. 
Shrubs and trees, such as the olive, fig, vine and 

almond, do not usually produce a satisfactory harvest 
once the semi-arid zone is passed. Vines are not worth 
while if the mean annual rainfall is less than 400 mm. 
While olive trees do well in the region around Tunis, 
by dry-farming methods and with a rainfall of 400 
to 450 mm., it is considered that, in slightly heavy soil, 
olive crops are reasonably reliable only near the 
humid zone, where the annual rainfall is at least 
500 mm., and then providing the soil is ploughed 
several times [75, 921. 
A remarkable dry-farming technique has been 

preserved, however, among the people of the town 
of Sfax, in the south-east of Tunisia, by the use of 
which extensive olive groves were recently planted 
in the 's~eppes' of Tunisia and in Tripolitania, arid 
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regions with a mean annual rainfall of only 170- 
250 mm. [36]. It is irue that these areas have very 
light, sandy soils and a maritime climate. The direct 
fixation of water vapour in the atmosphere by the 
sand (occult condensation), together with dew, amount 
here to a few score miliimetres of rainwater. The plants 
grown are spaced out, so that their roois do not 
interfere with each other. Olive trees are planted 
with intervals of 24< m. between them in all directions 
so that there are 17 or 18 to the hectare, and each 
Lree has 576 m.2 of ground. In the gardens, or rather 
in the orchards, which stretch out in a wide semi- 
circle around the town of Sfax, the almond trees, 
which have taproots, and the few other trees (apri- 
cots, peaches, etc.) are planted about 12 m. apart, 
while vines are planted 5 m. or 6 m. apart. Even 
vegetables are grown in small quantities near the 
coast. 
It is only by constantly working the ground that 

such results can be obtained. The land where vege- 
tables are grown must be hoed frequently and some- 
times needs to be-well banked up. For trees, the land 
must be ploughed at least twice, and must have two 
surface dressings. For the first ploughing, ordinary 
wooden swing ploughs are used or, nowadays, light 
‘orchard’ ploughs; for the second, growers in Sfax 
use a horizontal blade, known as a rnûacha, which 
is harnessed like a plough and penetrates the ground 
to a depth of only 7-8 cm. The object of ploughing 
and hoeing is twofold : to keep the soil in a very loose 
condition, so that the rain and damp air m a y  pene- 
trate more readily, and to overcome the capillary 
attraction which leads to evaporation; and to keep 
the soil very clean, so as to prevent evaporation 
through the growth of weeds, especially couch- 
grass, which spreads very quickly in this region. 
This is one of the most outstanding examples of dry 
farming, for olive trees and almond trees in parti- 
cular-and also apricot and peach trees-bear 
fruit and give a saiisfactory return with an annual 
rainfall of less than 200 mm. Furthermore, in the 
Sfax area there is a system of a provisional partner- 
ship contract, the mgharsa contract, which has made 
it possible for French and Moslem capitalists to 
increase the extent of the olive groves very quickly. 
This is a planting lease, under which the mgharsi, 
who provides only his labour and the working tools, 
receives half of the plantation when, after a few 
years, the trees are producing-in the case of olive 
trees, after 12 or 15 years. 
On the whole very poor results are obtained from 

the barley which people try to grow between the 
olive trees when they are young, for the roots of 
cereals do not go deep enough for them to profit 
by all the subsoil moisture. At the other end of the 
Maghrib, however, along the Atlantic coast-where, 
it is true, the rainfall is better-the Moroccans grow 
maize without irrigation [73]. It is clear that the 

proximity of the sea and ‘occult condensalion’ 
are of the utmost importance, at least when people 
know how to take advantage of them. 

IRRIGATION 

The area that can be irrigated is limited by the capa- 
city of wells, the volume of water supplied by springs, 
the irregular flow of the wadis and the short duration 
of local run-off. 
If wells are used for irrigation they must be fitted 

with devices for raising the water. The most common 
type, which is almost universally used, is animal 
driven and is also known as the delou well [26, 421. 
The deloic is a water-skin made of ox-hide or, much 
less frequently, of goat-skin, with a capacity of 15 
to 35 litres. It is raised by an animal pulling a rope 
over a pulley fixed to a wooden or stone support. 
At the base, the water-skin has a leather spout, 
which is kept folded back by a cord while it is being 
raised but lets out when it reaches the top; the water 
is then discharged into a small pond which feeds the 
main canal. The animal which pulls the rope-an 
ox or an ass, sometimes a camel (in Tunisia), and 
occasionally a mule (near the Tunisian coast)-is 
accompanied and assisted in its progress over a 
sloping track by a man or a child, who also works 
the cord which holds the spout folded back or extended. 
In this way from one-quarter to one-half a hectare 
of orchard garden may be irrigated. 
Another, but much less commonly used, system 

is the ‘noria’ (in Arabic, nawra, and sometimes 
sanya). This is an endless belt made of cord and wood, 
to which earthenware scoops are attached. It is 
driven by a capstan, worked by a horse, a mule, or 
sometimes a dromedary. It is most commonly found 
in the coastal plains of the Maghrib where humid 
conditions prevail. Still less frequently w e  find wells 
with a counterpoised sweep, which are often called 
‘ stork-wells ’ and are practically unknown outside 
the Sahara, and scoop-wheels, which are used only 
in the immediate neighbourhood of Fez. 
Irrigation is carried out almost entirely by sub- 

merging lands which have been ranged to form small 
basins. W h e n  the owner employs a farmer under the 
share-cropping system he remunerates him with 
a percentage, varying with the region and the type of 
crop, which may be olives, other fruit trees, vegetables, 
or winier or summer cereals. 
The advantage of using spring water is that it 

flows of its own accord and does not have to be labori- 
ously raised as well water must be. Once harnessed, 
more or less effectively, it is carried off by one or 
more main canals, which are dug out of the ground 
and branch out as they go downhill. There are two 
principles governing the relationship between water 
and earth [35, 641. According to that known as the 
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‘Tell’ principle, in Algeria, earth and water are both 
private property, but are inseparable, and are entered 
on the same property title; they are sold, rented and 
mortgaged together. The amount of water to which 
each man is entitled is proportionate to the area 
he cultivates, and irrigation is carried out in sections, 
from the head waters downwards. The principle is 
subject to a number of minor violations : for example, 
a piece of land may be alienated without water, 
if water is comparatively scarce, or irrigation may be 
effected not for different sectors of land but for diffe- 
rent groups of people, sections or subsections of a 
tribe, even if their holdings are intermingled; this 
causes waste of water, delays and complications [ll]. 
The ‘Saharan’ principle is seldom applied outside 

the desert proper, though it is followed in the south 
of the Hodna [35]. According to this principle, the 
only valuable commodity is water; it is the most 
important of all possessions, and is not associated 
with the soil it irrigates. People trade in it and divide 
the supply independently of the gardens. It is possible 
therefore to have water and not to use it, or to let it 
to a farmer who has none, and who is thus able to 
establish a garden. Among some herdsmen, who 
grow hardly anything but winter cereals, the owner- 
ship of water is collective, and each m a n  has the use 
of a certain amount of water and a plot of land, pro- 
viding he has a team of draught animals and a plough. 
If the type of agriculture changes and wheat and 
barley are replaced by trees, the ground becomes de 
facto private property, while the water remains the 
property of the group ; one man’s share of water cannot 
be sold, and, if it is not used, it reverts to the group. 
As in almost all areas, methods of division vary 

according to the volume of water supplied by the 
springs. If the springs are large ones, the water is 
divided by volume into a number of canals before 
it is allocated in units of time-hours or parts of days 
at regular intervals. The water from springs with a 
moderate flow is divided only by units of time. The 
water from springs with a small flow is allowed to 
accumulate in a small reservoir, or behind a small 
d a m  (in Arabic, a madjen, in Berber, an ifri). Each 
owner takes the water from the reservoir in his turn. 
The Saharan system of the foggara, or underground 

galleries ventilated by shafts, which are driven 
through a slope to tap the phreatic water and bring 
it to the level of the crops by gravity alone, has made 
some headway in North Africa proper, in some of 
the driest regions. It is found especially in the Haouz 
of Marrakesh, where pipes, called rhettara, convey 
to the lower parts of the plain the water which has 
filtered into the foothills of the Atlas mountains 
[30, 801. The same system is also found in the chegga, 
which are often mere trenches in the neighbourhood 
of Bou Sâada, in the south-west of the Hodna and in 
the Sahrez Chergui to the north-east of Djelfa. The 
principle adopted is that the water should be divided 

into a number of shares equal to the number of men 
who have worked on the construction and mainte- 
nance of the collection galleries [35]. 

The major rivers, especially those which rise in the 
well-watered regions of the north, and the main 
mountain wadis, which have water all the year round, 
can provide enough to keep trees and gardens alive 
and flourishing, provided that the growers know 
how to divert at least some of their water when the 
level is at its lowest. In the more or less arid regions 
of the Maghrib, especially in the main mountain 
massifs and in the foothills, it is quite common to 
find small dams, or rather diversion dikes, which 
are designed to direct a flow of water when the level 
is low, and even sometimes when it is high, into 
gardens or fields [il, 35, 36, 431. Although they are 
constructed to be under water, they are readily 
swept away by floods, but can often be almost as 
easily reconstructed. In mountainous regions, these 
simple dams, which are called rabta or sedd in Arabic 
and ouggoug in Chleuh Berber, consist of dikes made 
of stones and branches of trees, sometimes held in 
place by strong stakes; in the plains, they are made of 
very wide superimposed layers of earth and branches, 
These dikes are build across the current or at an 
oblique angle to it; sometimes, when it is intended to 
divert the water on to both banks, they are curved. 
The channel (seguia, targa) or the two channels 
often become silted up or worn into gullies, and have 
to be carefully maintained. If they are small, they 
take the water straight to the crops; otherwise the 
flow of water is divided, after passing through a 
sluice into secondary channels which provide water 
for the gardens in their turn. In mountainous dis- 
tricts, like the western High Atlas, where irrigation 
is carried out only in summer, the dams which have 
been swept away by the floodwaters have to be remade 
every spring, and the canals along the mountain 
sides strengthened or repaired. 
Naturally, only those who farm on the banks of the 

stream and who have taken part in the building and 
maintenance of the system have the right to use the 
water. In the mountainous regions, each takes as much 
as he needs, as only a small proportion of the land 
is cultivable. The dams are built at intervals, pro- 
ceeding downstream, and are not placed too close 
together. They work simultaneously as long as there 
is enough water; if there is not, and providing that 
the riverside growers have managed to come to an 
agreement, or that those whose land is downstream 
have succeeded in imposing their will on those whose 
land lies upstream, they are used in succession, the 
inlets to the diversion canals being kept closed for 
varying periods. 
W h e n  the wadis reach the foot of the mountains or 

the plain, they receive scarcely any further reple- 
nishment, and their flow decreases, largely as a result 
of seepage. Consequently, the inhabitants of the 
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banks in the downstream section of the wadi often 
have only one dam, though it may be a fairly large 
one. Since, unlike their mountain neighbours, they 
have a lot of land and comparatively little water, 
there are-or often were in the past-disputes 
between plain and mountain dwellers. This applies 
equally to the Hodna and the southern foothills of 
the Aurès and to the air of the High Atlas in Morocco. 
As in the ease of springs, the water available is 

generally in proportion to the area cultivated, and 
cannot be divorced from it, at least among the seden- 
tary population and when it is to be used in gardens. 
Those who were formerly herdsmen, and the semi- 
nomads who at the outset grow only cereals, often 
treat water as communal property, like the land itself; 
the two elements, however, may be dissociated, and 
land may become private property before water 
does. 
The permanent watercourses are always fuller 

between autumn and spring, and their spates come 
between September and May. This means that there 
is surplus water available for the use of the people 
in the cool seasons when less irrigation is required 
in the gardens. Downstream, therefore, there are 
often tracts of land of various sizes, beyond the 
orchards, where annual crops of wheat or barley 
are grown. The wheat and barley, however, may also 
be watered simply by the floodwaters of wadis 
which are normally dry; in that case, the word 
‘wadi’ designates the ‘thalweg’. 
In the latter case, however, the word ‘irrigation’ 

is not quite appropriate, for the water is supplied 
not through the efforts of human beings but by the 
floods on the wadis; in other Words, it depends on the 
rainfall. Furthermore, in this case the water is not 
a stream which can easily be diverted and shared-it 
is a destructive torrent, part of which must be directed 
somehow over the land under cultivation, at the risk 
of causing either shifting of alluvial deposits or erosion. 
Efforts are made to keep the bed of the wadi on the 
higher parts of the alluvial fans, so that the canals 
have only to assist the spreading of the floodwaters, 
while preventing the washing away of the soil, and 
the distribution of the newly deposited silt, which 
restores the fertility of the fields. Only cereal crops 
and pastureland can benefit by these floods, which 
rarely occur in summer; in any case trees would be 
buried too deeply in some places through the shif- 
ting of the alluvium and in others their roots would 
be exposed through the erosion of the soil. 

The dams used for diverting the water are of the 
same type as those used for diverting permanent 
streams. They are still more liable LO be swept away, 
and are therefore arranged one after the other, 
proceeding downstream, so that they do not inter- 
fere with each other to any extent. The first dams 
get most water from medium spates but are swept 
away by heavier ones, whereas when the floodwaters 

reach the plain they are less tumultuous, and are 
easier to distribute. The dams nearly always work 
simultaneously, although sometimes, when the floods 
are small, it is arranged that everybody shall have 
the advantage of them in turn. This ‘ canalized flood- 
ing’ is most valuable and most widely distributed in 
the dry plains at the foot of the mountains which 
receive more rain-the foot of the Atlas mountains 
in Morocco, the Hodna plains in Algeria, the plains 
around the mountains of the Sahara and the Kairouan 
‘plains in Tunisia [35, 361. In the latter region, the 
Wadi Marguellil and the Wadi Zeroud rise in the Tell. 
The two main dams (rebta), which prevent the 
floodwater from running into the lower regions, are 
extended by dikes (djenah), which are designed to 
carry the water across the upper part of the alluvial 
deposits to dividing sluices, or secondary diversion 
dikes (mgoud), from which it is distributed over the 
plain by small earth banks. Over 300 owners in two 
syndicates enjoy the advantages of the floodwater from 
the wadis, and take part in the upkeep of the dams. 
This very special system of using the water does 

not necessarily involve ownership of the land. Espe- 
cially in the Saharan foothills the herdsmen generally 
have only the use of their land and common ownership 
of the water-always, however, on condition that 
they have worked on the building and mainienance 
of the dam and the canals. Land and water are fairly 
generally treated quite separately there. 
Some regions have so few hills and are so dry that 

the wadis are nothing but short streams which flow 
for a while-a few score minutes or a few hours at 
most-after rain has fallen. Some of these are to be 
found on the indented edge of the plateau which 
overlooks the Tunisian-Tripolitanian plain of the 
Jeffara. [32, 821. Small stone and earthen walls are 
built across the gullies, to hold back the water and the 
silt, and small diversion dikes are built of water- 
rounded stones to turn the water of the larger wadis 
towards the terraced banks. Lastly, in the hill country 
behind Susa as well as in the Matmata hills in Tunisia 
and in the Djebel Yéfren, Gharian and Msellata in 
Tripolitania, the olive trees which are planted in the 
little valleys are watered by the run-off from the hills 
between them after a fall of rain [36, 491. These hills, 
arranged to serve as rain troughs with trenches 
(meska) to convey the water to particular olive plan- 
tations, are part of the property just as the trees are. 
It will thus be seen that there are a number of 

gradations between irrigation proper, ‘ canalized 
flooding’ and the process of merely diverting local 
run-off water. 

TERRACING 

The mere fact. that land is to be irrigated or run-off 
water diverted means that the fields must be aL least 
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roughly levelled. Therefore, as soon as the incline 
becomes sheep they must be graded into tiered 
terraces. Terracing, which is very widespread in the 
Mediterranean countries, is usually used there as a 
way of making hillsides suitable for dry farming, 
generally of vines or fruit trees. 
From the various ways of using water which have 

just been described, it is possible to deduce the 
different types of terracing to which they give rise- 
terraces descending in tiers below springs, terraces 
along hillsides or at the bottom of valleys, gullies 
across which small stone walls or banks of earth are 
built, and depressions formed in valleys to catch 
water which flows down over the ridges between 
them. 

Strangely enough, however, dry-farming terraces, 
although so common in some MediLerranean countries, 
are the exception here, and where they do occur they 
are of recent origin [40]. For the most part only 
remains of them are found, as in the central Moroccan 
mountains and in some mountains in the Dorsale 
in Tunisia; in the Jebe1 Ousselet, north-west of 
Kairouan, it is known that the system was discon- 
tinued only two and a half centuries ago. Lastly, on 
moderate inclines such as a slope worn down by 
erosion, the removal of stones leads to the strengthen- 
ing of the boundaries of the fields and, as a 
result of contour ploughing, to the formation of 
shelves, low, semi-spontaneous terraces or ‘ screens ’. 
It m a y  be that some of these screens were once 
arranged systematically so as to hold back the run- 
off and help it to penetrate-for example, in the 
region of the Roman limes of Numidia, which has 
been studied by Colonel Baradèz [6]. 
The absence of terracing in the humid and semi- 

arid regions of the Tell might be explained by the 
custom-more common in the past than nowadays-of 
using swing ploughs drawn by two oxen harnessed 
together to a very wide yoke which rested on the 
animals’ withers, and would be difficult to turn in 
narrow fields. This explanation is worth bearing in 
mind, but there are other circumstances which offer 
more convincing evidence, as will be seen later on. 
Whatever the reason m a y  be, it is a matter for 

regret that terracing is not carried out on any of the 
uplands apart from the pre-Saharan mountains. 
Although the Kabyles plough and sow the steep 
slopes of their mountains only where the land is 
partly held in place by the roots of olive or fig trees 
planted here and there in the fields, although they 
make a few trenches in an attempt to drain away the 
run-off, and keep the footpaths in order by making 
little walls or hedges, their fields are often full of 
gullies and the soil is impoverished. And it must be 
remembered that the Kabyles are in the humid zone. 
Elsewhere, however, as a result of the clearing of 
forest-land, scrub or uncultivated moorland, in the 
drier regions, all the destructive forms of slope erosion 

can be observed, from mere ‘scratches’ to the stage 
where the rocky subsoil is exposed, from small gullies 
to ‘bad lands’ and landslides [81]. 

STOCEBREEDING METHODS 

Stockbreeding has always been able to adjust to 
varying degrees of aridity in climate by keeping to an 
extensive economy and having recourse to various 
forms of seasonal movement of stock [37]. Some 
systems are like those used in the Mediterranean 
countries [iZ] ; in winter, flocks of sheep with a greater 
or less admixture of goats are brought down from the 
Moroccan Atlas and the Saharan Atlas in Algeria 
to the nearby plains, while they spend the summer in 
pasture-lands on the highest mountains, sometimes 
along with cattle. All the systems are explained by the 
differences in altitude, the need to escape from cold 
and snow and the necessity for cool pastures and 
springs in summer. But stock is also moved from one 
latitude to anoLher, over greater distances, because 
there are zones of varying aridity to be found-low- 
lying desert, which is very hot in summer but compa- 
ratively mild in winter, steppes or pseudo-steppes 
which are usually fairly high, and Mediterranean 
regions which are not bare of pasture in summer and 
which have plenty of water points [il, 22, 23, 39, 
43, 641. On the other hand, for reasons that are both 
historical and geographical in origin, the practice of 
moving flocks seasonally to different pastures has 
brought about the development of various forms of 
nomadism, when families who own flocks move about, 
taking with them, on the backs of their camels and 
donkeys, their tents, their possessions and some of 
their food. 
Two main types of nomads may therefore be distin- 

guished: nomads proper, most of w h o m  spend Lhe cold 
season with their flocks in the Saharan foothills and 
in summer go with them to the drier regions of the 
Tell or only as far as the mountains of the Eastern 
High Atlas or the Saharan Atlas (except the Aurès) 
[39, 891; and semi-nomads, who also grow cereals. 
The latter move about with their smaller livestock 
for only part of the year and over fairly short dis- 
tances, they live in arid but non-desert regions, they 
only draw near to the Tell in summer, and sometimes 
if necessary even go a short distance into it. They are 
often in contact with stockbreeders in the semi-arid 
regions who have not enough pasture-land as a result 
of the extension of agriculture, and they work for 
them as herdsmen. The practice of moving the flocks 
from the mountains in winter and spending the summer 
on the heights also means that people move from one 
place to another, but this is less common. 
Thus, by moving their flocks from one pasture 

to another and spending their lives in the open air, 
the stockbreeders have adapted their trade to arid 
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conditions. This is not a necessary consequence of the 
geographical conditions. In many cases other forms 
of stockbreeding might have been undertaken, with 
irrigation for growing fodder plants, provision for 
flooding pasture-lands, reserves of food, and stalling 
of the caltle in certain seasons. Nomadism, however, 
is not due only to pastoralism; it is-and was to a 
still greater extent in the past-connected with the 
system of transport and trade between regions which 
had different natural resources; and, a few centuries 
ago, it was reinforced by the migration of nomads 
from the Middle East. 

USE OF LAND IN THE PAST : 
CONTRIBUTION OF THE 
DIFFERENT PERIODS 

Fairly large numbers of people have always lived in 
the more or less arid regions of North Africa. This 
has been due to several factors : the use of often very 
careful dry-farming methods ; various systems of 
irrigating the land and diverting the waters of rivers; 
the terracing of fields-admittedly over a very small 
area; and the adoption of certain forms of stockbreed- 
ing accompanied by nomadism. 
It would have been an advantage if the account 

that has been given could have shown the historical 
development, with some indication of the different 
practices introduced in each period. But because 
of the gaps in our material (both written and archaeo- 
logical), our ignorance regarding the origin of many 
processes and techniques, and the impression-pos- 
sibly a false one-that they have changed very little 
through the centuries, w e  have thought it better 
to describe them first. W e  may, however, make 
an attempt to outline the development of land use 
in North Africa, a region which made its appearance 
in history some 3,000 years ago and which has appa- 
rently had no major changes of climate since that 
time, apart from brief fluctuations [63, 911. 

ANCIENT TIMES 

T o  a considerable degree, the history of North Africa 
has been moulded by foreign influence$ and conquests. 
However, the oldest of the peoples inhabiting it, 
the Berbers, who, despite peaceful or violent immi- 
grations, have always constituted the great majority, 
have not been inactive. Since Neolithic times, when 
more humid conditions at firs1 prevailed, the Berbers 
have cultivated wheat and barley and bred the domes- 
tic animals known in our own day [SI. 
A number of peoples knowing nothing of the use 

of bronze and iron were brought into the history 
of the Mediterranean by the Phoenicians, whose 
influence was felt perhaps as early as the end of the 

second millennium B.C., allhough they did not greatly 
increase the number of their trading posts on the 
African coast until after the founding of Carthage 
(814 B.C.), and later by the Carthaginians, who 
occupied the north-eastern third of Tunisia 119, 581. 
If they did not actually introduce arboriculture, 
they at lcast taught its principles to the Berbers- 
how to ferlilize fig trees, for example. All the crops 
that are grown in Africa today were already known 
in Carthaginian times, with the exception of maize 
and tobacco. Almost the only plants introduced in 
later centuries were those requiring irrigation. The 
Carthaginian agronomist Mago, who had a great 
reputation in ancient times but is known to us only 
through a few quotations in the works of Latin writers, 
recommended that olive trees be planted, as a rule, 
75 ft. (22.2 m.) apart in all directions, and at least 
45 ft. (13.3 m.) apart in poor soil-advice which is 
entirely in line with the principles of dry farming 
although the latter had not yet been thought of [SS]. 
H e  has very little to say about cereals. W e  know, 

however, that the types of swing plough still in use 
today were already employed and were generally 
drawn by two oxen [58]. Unless we presume that the 
methods of diverting floodwaters still used in the 
area were already known and practised, it is impos- 
sible to explain the reputation for fertility in grain 
enjoyed, at the end of the Carthaginian period and 
the beginning of the Roman era, by Byzacium (the 
centre of which corresponds to the Sahel in Tunisia 
and the plains of Kairouan) and the regions around 
the ‘emporia’ or trading posts along the Gulf of 
Qabes and the coast of Tripolitania [34]. Irrigation 
of crops was practised in the fields around certain 
villages, and was especially widespread in Megara, 
on the outskirts of Carthage, and in the Cape Bon 
peninsula. 
All that w e  know of stockbreeding in this period 

is through occasional references. The inhabitants 
were still essentially pastoral peoples. It is said that 
Massinissa, the ruler of Numidia, made great efforts, 
in the last century B.C., to develop agriculture in his 
kingdom [58]. 
In Spain, the influence of the Phoenicians and later 

the Carthaginians was restricted to a certain number 
of trading centres on the southern coast. In Cyrenaica, 
however, Greek colonization was far more agricultural 
in character. Wheat, fruit and vegetables were grown 
on a large scale, and as the practice of agriculture 
spread towards the interior it produced reactions 
on the part of the Libyan herdsmen and was to 
continue to do so in the Roman period [24, 28, 841. 
It was in the Roman period (from the second 

century B.C. to the fifth century A.D.), that agricul- 
ture developed most widely in North Africa, within 
the shelter of the limes-fortifications erected as a 
defence against the chief nomadic tribes, mounlain 
dwellers and herdsmen, who were only partly subdued 

226 



Development of land use in northern Africa 

and Romanized [6]. H o w  profound was the influence 
of Rome can be seen not only from the many archae- 
ological remains, which are of great value to our 
argument, but also from the fact that the Latin 
names of the months in the Julian calendar have 
survived and were not ousted by the Moslem calendar 
with its lunar cycle. This influence can also be seen 
in the retention of an agricultural vocabulary of 
LaLin origin in the Berber and Arab dialects. 
The most surprising archaeological remains are the 

traces of the Roman land divisions, said to date 
from between the end of the second century B.C. 
and the first century A.D., which are laid out in a 
perfectly regular chequer-board pattern. Stretching 
over vast tracts of land, which are not always culti- 
vable, there can still be seen traces of these divisions, 
which form squares measuring 710 m. along each 
side and divided into sections of from 2 to 20 ha.; 
they are wery clearly discernible in aerial photographs. 
Within these sections the crops were grown, at 
least in Tunisia-the only country in North Africa 
to provide evidence so far of dehitely Roman agricul- 
tural organization on such a scale [17, 18, 41, 76, 
85, 861. 
The two-course rotation of crops, well known to 

Latin agronomists, seems to have been followed 
fairly regularly. Preparatory ploughing was not 
unknown; various graphic representations, such 
as the famous mosaic at Cherchel, show that the 
wooden swing plough drawn by two oxen was still 
used [8]. 
From the second century A.D., the cultivation of 

bushes and trees, especially olives, was extended to 
&y regions where they had to adapt themselves. 
In eastern Tunisia, especially in the regions which 
were on the R o m a n  land registers, the position of the 
stumps shows that the distance between the trees 
might be 15 x 15 m., 12 x 15 m., 18 x 15 m., 
18 x 18 m., 18 x 20 m. or 18 x 24 m. Similar facts 
have been established in the north of Tripolitania. 
These distances vary with soil conditions and show 
that attempts were being made to adapt arboriculture 
by dry-farming methods to regions which were already 
definitely arid. Between the second and the fourth 
centuries, the greater part of the light soil areas 
between the Tunisian Dorsale and the Gafsa chains 
and some of the coastal regions on the Gulf of Qabes 
and in Tripolitania were covered with olive trees, 
as evidenced by the many remains of oil presses. 
Olive groves were also planted in some regions of 
eastern Numidia and northern Morocco, which are 
less dry [ZO, 36, 551. 
hchaeological studies reveal that the expansion 

of agriculture and the adoption of a more stettled 
existence were accompanied by a number of hydraulic 
engineering works [Si, 59,71,76,95]. For our purposes, 
however, no account can be taken of those which 
were intended only to provide water for the many 

cities or agricultural settlements scattered over the 
countryside. Most are of this type-harnessing of 
springs, piping of water, reservoirs, public and private 
cisterns, and wells. 
There is, however, much evidence of the existence 

of an agricultural water system designed for irrigation 
proper or for cliverting floodwater or run-off. There 
is no way of knowing whether the various types of 
lifting apparatus for raising the water from wells 
or rivers, which Vitruvius describes, were used in 
Roman Africa [62]. But in some parLs of the Maghrib, 
remains of Roman wells are to be found here and there 
over the countryside, some of which still function. 
The main springs were tapped, in part, for the irri- 
gation of fields used for cultivation. From the division 
into plots, which can be seen on the ground and from 
aerial photographs, it is evident that the land was 
mainly used for orchard gardens, just as it is today. 
Irrigation regulations dating from the time of Elagabal 
(218-222) have been preserved; they lay down the 
days, times and duration of each grower’s turn to 
use the water for his orchard [63]. Some wadis, such 
as the Wadi Mina and the Wadi Rouina in Oran [97] 
or the Wadi Barika in the Hodna [35], had full-scale 
irrigation systems or systems for spreading flood- 
waters by the use of a number of dams. In some 
regions, almost every wadi of any importance has 
had some such system. The fine aerial photographs 
taken by Colonel Baradèz show that in the south- 
east of the Hodna, in the region of the southern 
limes of Numidia, the diversion dams and the network 
of channels are constructed in accordance with ideas 
which are still those of the inhabitants today [6]. 
They are always diversion dams which can stand 
submersion and made of fine masonry or pebbles 
set in solid concrete. They are at least 3-5 m. wide 
at the base; one of them, on the Mina, was about 
20 m. wide. The downstream side was sometimes 
stepped so as to break the fall of the water and prevent 
undermining. The remains of stone-faced channels 
show the outline of old irrigation networks. 
In Tripolitania, according to C. Vita-Finzi, frag- 

ments of masonry were found from dams which 
diverted the floodwater of the pre-desert wadis. 
In the Jebel, dams were built across deeply embanked 
wadis and, where the wadis widened, the floodwaters 
were sometimes held by long earth dikes protected 
by concrete spillways. 
There are many remains of simpler and cruder 

systems, but earth-built dams, etc., which must have 
existed in great numbers, have disappeared without 
trace. In the sixth century, the poet Corippus speaks 
of African farmers who, seeing that a storm is coming 
up, make earthen embankmenls around their fields 
to keep the water in [27]. 
It is of interest that the system of tapping under- 

ground water by means of foggaras (tunnels with 
wells at intervals), which is thought to be of Iranian 
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origin [30], was in use in the Roman period in the 
immediate neighbourhood oî Carthage. Water from 
the dunes to the south of the Sebkha-er-Riana, 
in the plain of Lhe Soukra, was conveyed by two 
foggaras, 2 km. and 2.5 km. long respectively, which 
tapped the water in the mountains, to another fog- 
gara which brought it to the aqueduct built by 
Hadrian to supply Carthage with water [87]. Simple 
supply foggaras were also to be found at Dougga 
(Thugga) and El Djem (Thysdrus), also in Tunisia. 
Little is known about stockbreeding in Roman 

Africa, apart from the fact that the spread of agri- 
culture drove back pastoral and nomadic life beyond 
the southern limes. From the remains of many 
watering places it is clear, however, that stockbreeding 
was carried out, on a sedentary or seasonal movement 
basis, in addition to the raising of animals for work. 
Horses had been bred from the second century A.D. 
onwards; ‘Barbary’ horses were highly esteemed in 
Italy for their staying power and were exported to 
Rome, as also were mules. There has been much 
discussion among historians about the importance 
of the camel, or, more accurately, the dromedary. 
It has long been acknowledged, since the work done 
by St. Gsell and E. F. Gautier [53] that the camel, 
which was little used in the Sahara when the Roman 
Empire was at its height, later became much more 
widespread, especially from the third century onwards. 
A recent, careful examination of historical sources 
gives reason to believe that there have probably 
always been camels in the Sahara and on its North 
African fringes, at least in historical times. The use 
of the camel in the Sahara, however, seems to have 
spread from the third century onwards, which would 
explain the marked increase in the importance of the 
Tripolitanian ports, especially Leptis Magna, under 
the Serveris [29, 311. 
It may also be noted that the pig was not introduced 

into North Africa until Roman times. It was unknown 
to the ancient Berbers except in the form of the wild 
boar, and could not have been imported by the 
Phoenicians, who, being Semites, regarded the animal 
as unclean. 
The expansion of agriculture also led to widespread 

clearing of the land, although this must also have 
been largely due to the fact that the population, which 
was probably growing in numbers, needed fuel. 
Wood and charcoal were at that time the only fuels 
known, and large amounts must have been required 
for the many, and very large, public baths in the 
Lowns. It is also known that Africa exported timber 
to Italy, and wood for heating to the baths in Rome; 
but most of this must have been drawn from the 
coastal foresLs in the humid zone 1631. 
The growing of cereals and hardy trees like the 

olive by dry-farming methods, and the cultivation 
of crops under irrigation and by flooding over smaller 
areas, were carried on as the herdsmen were driven 

back and the forests receded. In the Roman period, 
because farmers adapted their methods to suit the 
dry conditions and because extra water was available, 
farming was being carried on as far as the edge of the 
High Steppes in Algeria, and the fringe of the desert 
in Tripolitania, the south of Tunisia and the south 
of Constantine. Just as in our day, however, once the 
Sahara was reached there was no possibility of 
farming without extensive irrigation, and agricul ture 
was doomed to take on the ‘insular’ character that 
we find in the oases of the present day. Unfortunately, 
we know almost nothing about the cultivation of 
date palms, except that in R o m e  African dates were 
considered to be inferior to dates from the East, 
at least in the first century of our era. 
The question of terracing has still to be considered. 

Many archaeologists give credit to the Romans for 
all the remains of terraced fields to be seen on the 
ground or shown by aerial photographs. Let us 
consider the distribution of terraces at present [4~0]. 
There are none in the Algero-Tunisian Tell or in 
northern Morocco, except in irrigated gardens and 
where dry farming is practised around the villages 
in north-east Tunisia, where they are of quite recent 
construction. It is surprising that in these Mediterra- 
nean countries, including the Kabyle regions where 
the growing of trees is a characteristic feature, terracing 
is unknown. It is common only in the pre-Saharan 
mountains, nearly every part of which has an arid 
climate-the Tunisia-Tripolitania semi-circle, the 
Gafsa chains, the Aurès, the Atlas and the Anti- 
Atlas mountains in Morocco. It should be noticed 
that there was little or no Roman influence in these 
regions. It is in the south-west of Moroceo, indeed, 
the area farthest from the Mediterranean, and espe- 
cially in some valleys in the western High Atlas 
mountains, that the most remarkable examples of 
climbing terraced fields are to be found. 
I mentioned earlier the possibility of a connexion 

between the absence of terracing and the use of a 
plough drawn by two oxen. But there is a still more 
interesting coincidence-terraced fields are found in 
the pre-Saharan mountains with a dense population 
of mountaineers living in villages, a non-Arabized 
population whose speech and customs are Berber, 
in regions with a mixed economy, where cereals and 
trees are grown and flocks are raised, where the people 
keep, or used to keep, their provisions in fortified 
storehouses [38], and where society is more or less 
cohesive and equalitarian. In short, the terracing 
of fields is closely associated with regions which would 
produce practically nothing if men had not contrived 
to keep the earth in place and make it productive 
by irrigation, and also with a type of rural Berber 
civilization which is found only on the borders of the 
Sahara, precisely where there was little or no Roman 
influence. This does not mean that the Pax Romana 
was not favourable to the extension of terracing, 
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for instance in the vicinity of the limes in Numidia. 
Except locally, however, terracing was probably 
never practised in the Tell regions, which were the 
most subject to Roman influence. Certainly, the 
Berbers did not wait till the arrival of the Romans 
to make their arid mountainous land productive by 
terracing the fields. It is, moreover, of interest to 
note that there is no Latin of Greek word for this 
method of laying out land on a hillside; classical 
agronomists make no mention of it, whereas it 
has been pointed out by J. Berque that in the Moroccan 
Great Atlas there is a very rich Berber vocabulary 
of words dealing wiLh terracing and irrigation [lo, 111. 
The North African irrigators appear to have had quite 
a reputation, to judge by an early sixth century text 
which shows how warmly Thcodoric welcomed an 
aquilex from Africa [29]. 

MIDDLE AGES 

The Arab conquests of the seventh and eighth centu- 
ries annexed to the Oriental and Moslem world, 
a largely Latinized and Christianized North Africa, 
which had nevertheless remained fundamentally 
Berber, and, for a period of only a few centuries, part 
of Iberia. 
The Arabs, who came originally from arid regions 

in the Middle East, converted the Maghrib fairly 
quickly to Islam and introduced Arab culture, the 
latter not so rapidly and with only partial success. 
A t  the same time they brought about substantial 
changes in the economy of the conquered countries, 
and had a marked influence on methods of using the 
land, especially irrigated land. 
In the first place, they brought with them hard- 

grain semolina wheat, which was so successful that 
it gradually ousted the soft-grain flour wheat, which 
was the only type grown in ancient Africa [13]. 
Above all, they introduced a number of new irrigated 
crops of Eastern or tropical origin, which profoundly 
changed the nature of agriculture, adding variety 
and broadening its scope-crops such as rice and 
sugarcane, apricot trees and citrus fruits, cotton, 
indigo, henna and saffron. W e  are aware of the econo- 
mic importance that was to be assumed, sooner or 
later, by rice, citrus fruits and apricots in the western 
Mediterranean countries. It may be that the palm- 
groves of the Sahara, which are hardly mentioned 
in ancient writings, were developed to some extent 
under the Arabs. 

It is a curious fact that the influence exercised 
on irrigation by the Arabs, and the Orientals who 
came with them (Syrians, Egyptians, etc.), has left 
more signs and is more marked in the Iberian penin- 
sula than in North Africa. The explanation may 
be that irrigation was more important in North 
Africa, and that the Berbers, together with their 

conquerors from the East, helped to introduce it 
into Spain. It is also noteworthy that the spread of 
Islam and its prohibition of fermented drinks had 
no serious effect on vine growing [60]. The inevitable 
set-back was very much mitigaled by the fact that 
wine has always been drunk, even by Moslems, 
that there was a good home and export market for 
raisins, and that grapes were made into syrup, jam 
and ‘honey’. The vines were first distributed over 
the gardens in many villages, which remained in being 
until the Bedouin invasions in the eleventh and 
twelfth centuries. Vines and other shrubs were then 
grown only in some of the mountain massifs such as 
Kabylia in the west and the Rif, where the vine was 
treated as a creeper growing on trees, and also in the 
oases and around the towns, especially in Tunisia, 
in the west of Algeria and in Morocco; they were 
grown to form arbours and planted together in small 
vineyards in the vicinity of Mostaganem and Mascara. 

It is hard to say whether the superstructure of the 
wells used for irrigation was brought from the East 
by the Arabs; this is probably true, however, of the 
water-wheels which are said to have been used in the 
thirteenth century at Fez. 

Stone-built diversion dams-the only ones which 
leave any trace of their existence-can still be seen 
here and there, on the Mina, for example, where 
the old diversion system has been brought back into 
use, a new dike constructed, an old dam restored, 
and an aqueduct built, with three arches spanning 
the river [97]. Other dams of which remains can be 
seen are of doubtful origin, or are mentioned by 
authors as being found in various regions, for example 
the Hodna, the borders of Tunisia and Tripolitania, 
or the Ziban, where not all the dams, etc., shown 
on aerial photographs are Roman [6, 16, 351. Kairouan 
owes its place as a great capital city to the wadis 
which have always been diverted so as to flow over 
their alluvial fans, and to the numerous hydraulic 
engineering works to be found here and there near 
it and in the plain [36]. Mr. Solignac has surveyed 
and carefully studied the remains of pools and pipes 
which used to be thought Roman in origin, but 
which are in fact constructed by Oriental methods 
and may be assigned to a period between the eighth 
and eleventh centuries. Most, it is true, were used 
for supplying Kairouan and its stately residences, 
and to maintaining the pleasure gardens. But some 
were set aside for agriculture, for example : a dam 
fed by the waters of the Wadi Krioua near Bir Chaouch 
Ali ben Khalifa, north of Kairouan; a large reservoir 
at Tobna (Eastern Hodna), where the floodwaters 
of the Wadi Bitha were collected to provide water 
for the gardens and fields on the outskirts of the town; 
and a collecting basin built later, in the fourteenth 
century, near Tlemcen, to provide watcï for its 
gardens [68]. These ponds filled wiLh water-uguedal, 
as they are still called in Morocco-have been, and 
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still are, the charm of Lhe great gardens of Jslam [69]; 
they were also adopted in Spain. Many poeis writing 
in Arabic, both in the Wesi and in the East, have found 
inspiralion in their mirror-like surface, their coolness, 
the green plants, íiowers and fruit: for which they 
provide water, and the birds which chirp in the trees. 
Many pools, however, at least in the steppe-lands 

of Tunisia, seem to have been constructed to provide 
water for cattle. This is one of the conclusions reached 
by Mr. Solignac, who writes, ‘Palaces and cities, 
which were built of sun-dried bricks and clay, have 
vanished; stone and mortar ponds still defy the 
ravages of time’ [88]. 
However, not all the innovations of the Middle 

Ages relating to irrigation are to be attributed to the 
Arabs and Orientals. Berbers from the Sahara were 
responsible for the rhettara (underground galleries for 
tapping water which arc elsewhere called foggara) 
that were introduced in the eleventh and twelfth cen- 
turies, after the foundation of Marrakesh by the 
Almoravides, and for the establishment of the strange 
palm grove around it [&O, 911. Today there are more 
than 600 of them in the Haouz, and the workmen 
who know how to build and maintain them are always 
from the desert, especially from the Draa and the 
Todrha. At the other end of the Maghrib, in the 
fifteenth century, foggaras were built to the north 
of Tunis to reach the underground alluvial water 
surrounding the Jebe1 Ahmar, probably in order 
to provide water for the gardens of the palace at 
Le Bardo. There are few foggaras in the south of 
Tunisia (they are found only in the region of Kébili 
and at El Guettar), but there were some near Carthage 
in Roman times [87]. 
The most important change in the use of land 

in North Africa during the first part of the Middle 
Ages is perhaps therefore the introduction of many 
shrubs or annuals which require watering, rather 
than the extension of agricultural irrigation. Dry- 
farming processes seem to have remained unchanged, 
except that soft grain was replaced by hard, and new 
Eastern or Spanish varieties OP vines and olive 
trees were introduced. 
Very little is known of the way in which the inha- 

bitants of the Maghrib in the Middle Ages treated 
the natural vegetation and the soil. Owing to the 
partial retreat of city life Lowards the interior and 
the foundation of new towns in arid regions, the 
major markets for wood-timber and especially 
fire-wood-shifted, in particular to Kairouan and its 
stately residences, Fez, to which Fez Djedid was to 
be added in the thirteenth century, and to the towns 
built in succession on the sites of Tlcmccn and Mar- 
rakesh. Wood for use in Kairouan, Marrakesh and 
even Tlemcen was brought from forests which were 
dry in any case, far from the humid zone of the 
northern slopes o€ the eastern Tell Atlas and Northcrn 
Morocco [66]. 

Because both Islam and the Semites forbade the 
consumption of pork, the inhabitants of the Maghrib 
were unable, except in the Roman period, Lo engage 
in a lucrative form o€ stockfarming which could be 
carried on in the oak €orests without any outlay. 
Moreover, this prohibition helped to encourage Lhe 
people to keep goats, which, in all Mediterranean 
countries are most destructive of forests [77], instead 
of pigs, which, in other countries-Yugoslavia, for 
example-provide an incentive for preserving them. 
The Arab conquest made practically no headway 

in the humid zone of the Iberian peninsula-which 
has so many African features, e.g., even productive 
date palms can be grown. It is thought, however, 
to have done much towards the development of 
irrigation in the relatively arid zones. In Roman and 
Visigoth times, Iberia had been a country mainly 
engaged in extensive stockbreeding, with some seasonal 
moving of herds, and in growing cereals. Trees, 
however, appear to have been fairly widely cultivated 
in olive and vine-growing districts and in the more 
humid apple-growing areas. Irrigation was by no 
means unknown in many regions, including lower 
Andalusia and the Mediterranean shores, where the 
Arab and Berber conquerors found beautiful vegas. 
The conquerors however introduced the Spaniards 
and Portuguese to the same crops as they had brought 
the Africans, and probably to new methods as well. 
‘Everything leads to the belief’, writes E. Levi- 
Provençal, ‘ that the agricultural technique inherited 
from Roman and Visigoth Spain improved rapidly 
and then won general acceptance’ [65]. It attained 
‘undeniable mastery’, particularly with regard to 
irrigated agriculture; furthermore, the present-day 
technical vocabulary relating to irrigation engineering 
and methods preserves many words of Arabic origin, 
both in the vegas of Andalusia and in the huertas 
of Murcia and Valencia. It is diincult, however, 
to say definitely how far the Arabs were responsible 
for water regulations, the various types of water- 
raising machinery and the methods of diverting or 
damming rivers [15]. With regard to dry farming, 
the period of Moslem domination corresponds to a 
fresh expansion of olive growing and especially fig 
growing; for the same reasons as in North Africa, 
vine growing does not appear to have declined to any 
great extent. 
The Arab conquests in the seventh and eighth cen- 

turies m a y  have had the effect of encouraging a return 
to pastoral life and the expansion o€ stockbreeding 
for a certain time and in certain regions. Fairly soon, 
however, in Ifrikya (Tunisia, Constantine and Tripo- 
IiLania), in Morocco and in Spain, there was a revival 
of agricultural and village life which lasted for some 
three centuries. 
On the other hand, the invasions from the middle 

of the eleventh century onwards, followed by more 
01 less violent incursions by groups of eastern nomads 
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into North Africa, had consequences which were as 
disastrous for land under cultivation as they were 
favourable to the extension of a pastoral life and 
nomadism; this was one of the most decisive events 
in the history of the Maghrib, the effects of which 
have been felt for centuries. 
The consequences, however, were most serious 

of all in Cyrenaica. The agricultural potentialities 
of this country, at least in the extreme north, had 
been shown by the Greek settlers, but for various 
historical reasons it had had great difficulty in 
maintaining its prosperity in Roman times. It was 
now threatened by the nomads from the steppes and 
the deserts, who isolated it immediately after the 
seventh century conquest. Sedentary life became less 
.and less common there throughout the early Middle 
Ages-at the very time when it was gaining ground 
in the Maghrib-and gractually, as a result of the 
eleventh century invasions, practically died out, 
so that Cyrenaica became an almost entirely Bedouin 
region with no villages. It has remained so to this 
day; cereals are grown in only a few places, the 
people camping in tents beside their crops for part 
of the year, both in the forest clearings in the Green 
Mountain (Jebel Akhdar), where the Italian colonists 
had scarcely time to appraise Lbe agricultural potential 
of the land, and in the vast dry areas in the south [3]. 
.To the west of the Gulf of Sidra, in Tripolitania 

-which had the same fate as Ifrikya-village life and 
farming flourished and continued to exist along 
the Jebel and the coast till the eleventh century. 
,The growing ascendancy of the herdsmen was resisted 
more successfully than in Cyrenaica. The herdsmen 
gained ground in several parts of the Jebel, establish- 
ing themselves, in particular, in the Jebel Tarhouna, 
where not one village remained; small dams which 
had been neglected were carried away and the silt 
terraces which had formed behind the barrages were 
gullied, erosion going so far that sometimes even 
the calcareous crust supporting the dams was 
breached [96]; they reduced the strip o€ palm groves 
and gardens on the coast to a few isolated patches [3, 
32, 331. 
In the Maghrib, historical studies and certain 

detailed surveys of the geography of the region 
[35, 36, 971 have shown how the increase in pastoral 
and nomadic life resulting from the eleventh and 
twelfth century immigrations brought about an 
expansion of stockbreeding and a decline in agri- 
culture. As a result of this, villages sometimes com- 
pletely disappeared and the criltivation of tree crops 
was gradually restricted to certain mountains, the 
Sahel in Tunisia and the outskirts of towns. Gradually 
an extensive economy, based on stockbreeding and 
cereal growing, took the place of a more varied and 
productive use of the soil, whilst in many cases 
encampments or villages of huts took the place of Lhe 
centres of population of the early Middle Ages. In 

certain places villages survived because they had 
an elevated position or because there was a spring 
of some size nearby. Terracing, however, was practised 
less, especially on either side of the Dorsale in 
Tunisia [40]. 
The events which brought about these gradual 

changes seem to have led to a rather serious decline 
in the population. It is therefore likely, at least as 
regards the regions which w e  have called semi-arid, 
that many tracts of ground which had previously 
been under cultivation regained their fertility as a 
result of the revival of the natural vegetation and the 
droppings of the flocks. The forests no doubt suffered 
less from the depredations of the herdsmen and from 
the goats and even camels that grazed among them 
than from the clearing of land during the preceding 
centuries. Neither flocks nor men are really harmful 
to vegetation or to the soil unless there are too many 
of them, and this, because of the frequency of wars 
and epidemics and the latent insecurity of life, does 
not appear to have been the case. 
To the north of the Straits of Gibraltar also, agricul- 

ture gave way before the advance of stockbreeding, 
but for rather different reasons. The wars of ‘recon- 
quest’ gradually drove the Moslems back towards 
the south, whereafter the cattle-farmers, from the 
fourteenth century onwards, were granted privileges 
by the Christian kings for their flocks and for moving 
them at different seasons to other pastures; the last 
of such privileges were not abolished until as late as 
1837 [SO]. 

MODERN TIMES 

In the centuries between the Middle Ages and the 
nineteenth century there were scarcely any innovations 
in the techniques or processes adopted in the use 
of the more or less arid regions of North Africa. 
Moreover, techniques and processes were so long- 
lasting that it is difficult to decide whether they were 
of Berber, Carthaginian, Roman, Arabic or Oriental 
origin. Whatever changes occurred were changes in 
historical circumstances, such as the Bedouin inva- . 
sions, the consequences of which have just been 
described. The chief object of the kingdoms into 
which the Maghrib was divided from the thirteenth 
century onwards, and of the Turks, who governed 
Algeria and Tunisia from the sixteenth century 
onwards, was to restore a seriously compromised 
political authority and to hold the nomads in check. 
From the sixteenth century onwards, they preserved 
a state of comparative peace, which made it possihle 
for the nomads and the settled farmers to come to 
terms and enabled a certain balance to be established 
between the mediocre economy and nature, which 
was also mediocre. 
A number of new crops, mostly of American origin, 
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were introduced into North Africa, as well as into 
Europe. First a cereal was introduced-maize, which, 
like tobacco, needs no irrigalion either in the humid 
zone or on the Atlantic coast-and then vegetables 
such as the different varieties of beans, and summer 
crops like tomatoes, peppers, pimento and pumpkins. 
Other plants have become acclimatized to such an 
extent that they are now an integral part of the 
Maghrib landscape-agaves, aloes and prickly pcars 
(Opuntia J;cu.ç indica). When planted in thickets or 
hedges, the last-named, with their joints full of water 
and their fruit, provide valuable summer food supplies 
for cattle and for men. 
In the Maghrib, however, there was not, as in 

modern Spain [15], a revival of irrigation or any 
considerable extension of the irrigated zones except 
in very small areas adjacent to or near the towns, 
and in some country districts, often, though not 
always, under the influence of immigrants, such as 
the Moslems from Andalusia who were driven out 
of Spain by the ‘reconquest’ and the Catholic rulers 
from the fourteenth to the beginning of the seven- 
teenth century. 

RECENT CHANGES 

The capture of Algiers in 1830, the conquest of Algeria 
by the French and the establishment of the protec- 
torates in Tunisia in 1881 and in Morocco in 1912 
brought the whole of the Maghrib under French 
influence, notwithstanding the differences in political 
status. The result was that after some years of war 
or pacification a fairly long period of peace and 
orderly government ensued. Brought under the 
dominion of a nation whose material civilization was 
superior to their own, and provided with increasing 
financial and technical resources, the various countries 
of the Maghrib started to develop quickly-the more 
recent France’s influence was, the more rapid was 
their development. While most of the European 
colonists came from non-arid regions and were 
inexperienced, there were a few capable, enterprising 
people who were able to follow the public authorities 
in their agricultural experiments. The result has been 
an improvement in the economy that has at times 
been spectacular. The native populaiion however 
has increased to such an extent that demographic 
problems are now extremely grave. 

What changes did the colonisls make in the use of 
land in non-humid regions, and how far have they 
been followed by the indigenous population? 

D-RY FARMING 

With regard to dry farming and the cultivation of 
cereals, the colonists, who introduced-or rather 

re-introduced-soft grain, gradually abandoned the 
Mediterranean system of two-course rotation in €avour 
of the most up-to-date dry-farming methods. In 
Algeria, in Lhe last quarter of the nineteenth century, 
preparatory spring ploughing was started by some 
of the colonists, e.g., the Spaniards at Sidi bel Abbes, 
the Genevoise Company in ihe Sétif area, and already 
in 1876, two French colonisls at Wadi Fodda in the 
Chélif valley lried out and adopled the method of 
preparatory spring ploughing [97]. However, this 
method was not altogether unknown to the indigenes. 
The ploughing was at first very shallow; later it was 
taken to a greater depth, but it was only after a 
considerable time that the system of leaving fields 
fallow after autumn ploughing was adopted. As long 
as animals were used for the work in the fields, 
farmers were reluctant to give up entirely the practice 
of using fallow land as pasture. Then again, ploughing 
was a slow affair and there would not have been 
enough time for it. Mechanization did not really 
develop till motor traction was introduced, between 
1920 and 1930. Only then, since cattle were no longer 
used and the work could be done more quickly, was 
it possible to develop the system fully-that is, to 
work the fallow land for at least a year before sowing. 
Remarkable results have often been obtained and 
it is possible to grow wheat, which is preferred to 
barley, right to the edge of the steppes. In the plains 
country-Tunisia, Western Algeria and the Atlantic 
coast of Morocco-some varieties of soft grain, 
obtained by selection and hybridization, have been 
found to ripen very nearly as early as barley [13, 721. 
Many Moslems who had sufficient means followed 

the example of the colonists. The disadvantages of 
the system gradually became apparent, however, 
especially in light soils in those areas under cultiva- 
tion which received the least rain. The lack of farm- 
yard manure and the complete destruction of 
vegetation deprived the ground of humus. Super- 
phosphates were almost the only fertilizer used for 
any length of time, and they proved inadequate. 
It was found that the use of nitrates was very difficult 
in dry conditions and leguminous plants grown as a 
snatch crop-for artificial fodder and dried vegetables 
-need a rainfall found only in humid zones and regions 
very close to them. Wind and run-off over the sloping 
ground, which for months had no protection, com- 
bined to exhaust the soil and indeed often resulted 
in actual erosion. The number of Moslem farmers 
with small holdings grew steadily, while every day 
the amount of land available became less adequate; 
they were also too inclined to exhaust their fields 
by sowing annually and only the great droughts 
could force them to let them lie fallow. 
Between the LWO world wars, some Italian colonists 

in Tripolitania tried in vain to grow cereals profitably 
by dry-farming methods. They failed, whereas their 
fellow-countrymen succeeded on the good ground 
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with adequate rainfall in the Green Mountain region 
in Cyrenaica [33]. 
The greatest progress in Lhe growing of trees in dry 

land has been made in Tunisia, especially in the 
country behind Sfax. A number of French capitalists 
entered into mgharsa agreements with the people 
of Sfax and were able to take advantage of the fact 
that the region is State property and that these people 
are masters of agricultural technique-in a sandy 
area that receives very little rain but with a humid 
atmosphere-to increase the area of the plantations, 
which, in 1881, contained only 350,000 olive trees [36]. 
It is due to their initiative and capital, and especially, 
in an ever-increasing degree, to the work and capital 
of the people of Sfax and the surrounding districts, 
that the olive groves, which cover almost all the 
country to a distance of more than 60 km. from 
the city, today contain six million trees. The tech- 
nique and example of Lhe people of Sfax have been 
followed by some of the colonists, and particularly 
by a large number of Tunisians in certain very dry 
regions in the interior as far as the foot of the Dorsale 
mountains and the southern ‘shores of the Gulf of 
Qabes (in the Zarzis region). Not only have olives 
been grown, but also almond trees and some fruit 
trees-figs, apricots and peaches. The Italian colo- 
nists too, by adopting the Tunisian methods, suc- 
ceeded in increasing the number of olive groves and 
fruit tree plantations, including vines, along the 
coast of Tripolitania-another area where the soil 
is sandy and atmospheric condensation is of value [33]. 
However, everything has another side to it. The 

success achieved has often led to only one type of 
farming being carried on, and this has disadvantages 
from both the economic and the human standpoints. 
In addition the trees appear to age rather quickly; 
the soil, which is very light and must be kept very 
clean, is apt to be carried away by the winds and 
begins to show signs of impoverishment in places. 

IRRI GAT10 N 

The French first set out to improve the Algerian 
systems of diverting water from the wadis in the 
semi-arid region by constructing stone dikes instead 
of the rough, insecure structures of the Moslem 
communities. BeLween 1860 and 1883 they built 
seven retention dams large enough to hold back the 
surplus winter rains for use in summer. Three of 
them, however, were carried away by severe floods 
and had to be rebuilt. In any case, they were not large 
enough. It was not till reinforced concrete was 
introduced and plans were made in 1920, that 
nine large reservoir dams were built in Algeria, 
seven of them in comparatively arid zones. They 
were completed and filled by 1939; two others have 
been built since then [54]. They have a total capacity 

of approximalely 900 million m.3 and could provide 
water for irrigating 170,000 ha. Actually, however, 
only about half of this area is at present supplied 
with adequate irrigation. 
In the arid zone the object has been to improve 

the systems for diverting floodwaters. The best results 
have been obtaincd, especially in the Hodna, when 
the dams are fitted with sluice gates, and can be 
submerged [35]. Reservoir dams (of which there are 
two) are less suitable, owing to the amount of alluvial 
matter deposiLed and the low precipitation. 
In most areas, improvements have been made in 

the system of tapping the main springs. It was not 
practicable to sink artesian wells ouwide the Sahara, 
except in some low-lying areas such as the Hodna. 
On the coast around Oran and especially near Algiers 
thousand of wells have been sunk because of the 
market gardening carried on there. These wells were 
equipped with norias [61]; almost all are now mecha- 
nized or have been replaced by pumps. 
It is estimated Lhat in Algeria irrigation could be 

extended to cover 300,000-350,000 ha. In Tunisia 
the figure would be little more than 100,000 for the 
only river sysiem suitable for irrigation on any 
considerable scale is that of the Medjerda, work on 
which is already in progress [79]. 
It will be difficult to make use of the wadis from 

the steppes, especially those which flow towards 
Kairouan. Morocco, on the other hand, is in a much 
better position, being surrounded by high mountains 
which receive both rain and snow. There are five 
large dams, including one on the Moulouya which 
is not yet finished, with a combined capacity of 
3,000 million m.8-three times as great as that of the 
Algerian dams. It is expected that it will one day be 
possible to irrigate a million hectares [47]. 
Many of these dams silt up quickly, and the expen- 

diture entailed is very heavy; in fact, their use involves 
costly work on the land to be irrigated, the solution 
of difficult problems relating LO agricultural methods, 
the ownership of land, and human problems, and 
sound technical and commercial staff. To take full 
advantage of these dams is a long and difficult task; 
although there have been noteworthy achievements 
and spectacular successes, it cannot be said that the 
results obtained so far have always been entirely satis- 
factory from the economic and social points of view. 
The fact remains, however, that over large areas 

water alone makes and can make it possible to 
increase production and to obtain larger crops, as 
must be done in areas where population is rising 
so rapidly. The Italians in Tripolitania were also 
conscious of this fact, As they could not construct 
diversion dams, except on a very small scale and 
sometimes on ancient sites, Lhey concentrated on 
making regional use of a rising waLer level fairly 
close to the surface and, in certain places, of artesian 
wells proper. 
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STOCKBREEDING 

The amount of land under cultivation, especially by 
dry-farming me~hods but also by irrigation, has 
greatly increased at the expense of pasture-lands, 
and therefore at the expense of any extensive system 
of breeding light beasts, sheep and goats. In the Tell, 
stockbreeding has been abandoned in all the areas 
where any specialized crop is grown. The traditional 
economy was based on growing cereals and raising 
stock, but the latter has been sacriûced to the former. 
This has been largely due to lack of space as a result 
of the growth of colonization, the supervision of 
forests, the rapid rise in population and the failure 
of many farmers to let land lia fallow. Herdsmen 
found the seasonal movement of their cattle to diffe- 
rent pastures difficult as larger areas were brought 
under cultivation, both in the steppes and in the Tell, 
and as forestry regulations imposed various res tric- 
tions. At the same time the herdsmen lost what 
were often their main sources of income-the mono- 
poly of transport, the profits they made from raids, 
and the tribute paid by some of the sedentary peoples. 
Everywhere, mechanized farming and modern means 
of communication are challenging the use of draught, 
saddle and pack animals [37]. 
Generally speaking, the colonists showed little 

interest in stockbreeding [45, 931, although they gave 
some attention to heavier cattle, especially draught 
animals. They tried, by cross-breeding, to increase 
the size of their horned cattle and horses which, 
though sturdy animals, were not heavy enough to 
draw their ploughs and carts as the animals imported 
direct from France proved too unadaptable and too 
delicate. Their somewhat desultory efforts were 
abandoned however as the use of motor traction was 
developed. On the other hand, the military, who 
have always valued Barbary horses for use as light 
cavalry mounts, increased the number of remount 
depots, and encouraged the breeding and improve- 
ment of these horses in various ways. The demand 
for them has fallen considerably since the motoriza- 
tion of the army. 
Except in the humid zone, the problem of fattening 

beasts, such as those for milk production, could be 
solved only by irrigation. But the local animals are 
bad milkers and are often difficult to fatten. Imported 
animals, on the other hand, are unadaptable and 
suffer from the summer heat; in addition, irrigated 
fodder crops are expensive. Moreover, because of the 
heat, it is difficult to transport milk products, so that 
condensed milk and farm produce are largely imported. 
Sheep farming is thc main livestock industry in 

the country, but the Europeans have taken little 
interest in it, except in association with the indigenous 
population, and have made few changes in the tradi- 
tional methods, except as regards more selective 
breeding of the animals. 

In the steppes, indeed, the decline of stockbreeding 
has scarcely been offset at all by improvement of the 
stock. Notwithstanding the studies that have been 
undertaken, crossing has noi produced such good 
results as selection; the traditional methods of stock- 
breeding by moving the stock to different pastures 
at different seasons have been hampered without 
showing appreciable improvement. However, the 
provision of better supplies of water and watering 
places has made it possible to use the pasturelands 
more evenly, and epizootic diseases are now rare and 
are soon brought under control. The important 
problems of shelter, the protection of impoverished 
pasturelands and the building up of reserve supplies 
for dry years have for the most part been dealt with 
by public authorities-Lhough they have been 
studied rather than actually solved. Similarly, 
consideration has been given to the possibility of 
fattening sheep from the steppes in the irrigated 
regions of the Tell before they are exported to France 
or sold on the city markets, but the scheme has not 
been put into practice. 

VEGETATION AND SOILS 

It appears to he established that, throughout the 
history of North Africa, there has never been such 
an expansion of agriculture or such a rise in popula- 
tion as at the present time, and that the natural 
vegetation and soil, especially in the non-humi 
regions, have never before been in such danger. 
The proportion of woodland in the three countries 

of North Africa is 14c.8 per cent in Morocco, 12.5- 
13.6 per cent in Algeria and 9.4 per cent in Tunisia 
(including the humid regions but not the desert). 
This is only one-third of the area that the various 
woodland plant communities could cover without 
the intervention of man-a very small proportion [14]. 
And the figures are falling steadily. The State forests 
have held out fairly well, thanks to the work of the 
forestry officers, hut most privately owned forests 
and those under group ownership have disappeared 
or are doing so. The main reasons are: the clearing 
of the ground by a rapidly growing population; 
the fuel needs of societies which use no coal and, 
as yet, very little mineral oil products, even in the 
towns; frequent fires; and grazing by small livestock, 
especially goats, of which there are often too many. 
The deterioration of the vegetation is evident every- 
where and in every possible form-from sparse forests 
to scrub, from poor scrub to moorland, and from 
barren moorland to bare earth with only a few scat- 
tered clumps of plants, such as diss (Ampelodesrnos 
tenax), clinging to the ground until iL is completely 
eroded. 
On the steppes, the pastures have been ruined 

because too many flocks are grazed on them when 

234 



Development of land use in northern Africa 

there is a good year, and there is no system of rota- 
tion; the best plants are eaten first, so that they 
hardly reproduce at all, whilst thorny, poisonous or 
useless plants multiply. The esparto-grass steppe is 
also impoverished, especially in Tunisia and in 
Tripolitania, by over-gathering for export to foreign 
paper mills. 

Sometimes the quality of the soil deteriorates as the 
vegetation declines [7, 781. As w e  have seen, the soil 
tends to become exhausted by agriculture if nourish- 
ment is not put back into it, and the problem of 
fertilizers in dry regions has not been solved. Erosion 
and utter impoverishment are still more disastrous 
when very poor land, suitable for use as pasture, 
is cleared and brought under cultivation, when 
hillsides are ploughed across the contours, or when 
slopes that are too steep are ploughed deeply, even 
if they are planted with trees or vines. Every form 
of erosion described by the Americans in the western 
half of the United States is to be found here [81]. In 
many regions the consequences of failure to ierrace 
the fields are only too evident. The system of terraces 
intersected by ditches and embankments parallel 
to the contour lines, which has been tried out and 
widely used in the United States of America, gives 
good results but not good enough : it is used on steep 
slopes which should be replanted with trees but 
which are too closely populated to allow of this; 
some clayey soils are not suitable for it; and lastly 
the reasons for the system are often not understood 
by both Europeans and Moslems, and it requires 
care in maintenance. In some areas, however, note- 
worthy results have been obtained locally. 
To sum up the situation, it would seem that in the 

countries of North Africa w e  are witnessing the 
early stages of the destruction of the balance, so far 
as land use is concerned, between the needs of the 
population, which has grown too large, and the 

resources of nature, which is here arid and inhospi- 
table. A number of remarkable advances in the 
technique and methods of cultivaLion have been 
made, particularly in the last fifty years, but these 
advances have not always proved to be very suitable 
for the country. I have stressed their shortcomings 
and the imbalance which is resulting. There is a 
saying that the cure must be looked for in the disease 
and, in fact, solutions are being found for most of the 
problems, but they are often more theoretical than 
practical and are always very difficult to apply because 
of the human factor, i.e., the nature and the number 
of the population. N e w  methods of stockbreeding, 
the protection of forests, the conservation and recla- 
mation of soil by the system of embanked terraces, 
the extension of irrigation, the careful use of dry- 
farming methods, the provision of assistance and advice 
for small farmers and for stockbreeders by the public 
authorities, and the reform of the system of land 
holding-all these are solutions which must now be 
applied not only in small districts but over ever wider 
areas. 
Yet, whatever financial, technical and social assis- 

tance m a y  be given to North Africa for the use of 
its land-and such assistance is absolutely essential- 
it must be remembered that, apart from desert lands, 
four-fifths of the asea of the countries concerned 
are in the semi-arid or arid zone; that their resources 
are and always will be limited; and that they cannot 
support an indefinitely growing population. Other 
resources must be and are being sought elsewhere, 
especially in the industrial field. But it seems clear 
that there wiU be no satisfactory economic solution 
until the people themselves help in solving the 

1. ABDUL WAXLAB, H. H. Coup d’œil général sur les apports 
ethniques en Tunisie. Revue tunisienne, 1917. p. 305-316 
and p. 371-379. 

2. AGAFONOFF, V. Sols, types de Tunise. Annales du Service 
botanique, Tunis, 1935-1936, p. 43413. 

3. AEMarnV, H. W. La Libye septentrionale. Geografis~ca 
Annuler, Stockholm, 1928, p. 1-118. 

4. Atlas des centuriations romaines de Tunisie. Paris, Institut 
géographique national, 19543. 44 sheets. (Introduction 
by A. Piganiol.) 

5. BALOUT, L. Préhistoire de 1’A.igue du Nord. Paris, Arts 
et métiers graphiques, 1955. 

6. BARADEZ, J. Fossatum Afrieae. Paris, Arts et métiers 
graphiques, 1949. 

demographic problem. 
1. In addition to the bibliography which follows I have taken into account 

a short note on land use in Tripolitania by C. Vita-Finzi of the University 
of Cambridge. Although it was only communicated ta me at a late date, 
I have been able to incorporate in m y  text several of his relevant remarks. 

BIBLIOGRAPHY 

7. BENCHETRITT, M. Le problème de l’érosion des SOIS de 
montagne et le cas du Tell algérien. Revue de géographie 
alpine, Grenoble, 1955. p. 605-640. 

8. BEmm, J. Mosaïques inédites de Cherchel. Mélanges 
d’archéologie et d’histoire, Rome, 1935. p. 113-14’2. 

9. BERQUE, J. D tu des d’histoire maghrébine. Tanger, Fès, 1938. 
10. -. Un glossaire notarial arabo-chleuh du Deren. 

Revue africaine, Alger, 1950. p. 357-392. 
11. -. Structures sociales du I3uut Atlas. Paris, Presses 

universitaires, 1955. 
12. BIROT, P.; DRESCE, J. La Méditerranée et le Moyen- 

Orient. Paris, Presses universitaires, 1953, 1956. 2 vols. 
13. BOEUF, F. Le blé de Tunisie. Tunis, Annales du Service 

botanique, 1931. 

235 



History of land use in arid regions 

14,. BOUDY, P. Ihonomie forestière nord-africaine. Parig, 
Larose, 1948-1958. 4 vols. 

15. BRUNIIES, J. L’irrigation dans la péninsule ibérique et 
dans l’Afrique du Nord. Paris, Naud, 1902. 

16. BRUNSCHVIG, R. L a  Bcrbérie orientale SOUS les Hafsidcs. 
Paris, Maisonneuve, 1940, 1947. 2 vols. 

17. CAILLEMER, A. ; CHEVALIER, R. Les centuriations romaines 
de 1’Afiica vetus, Annales, E.S.C., Paris, 1954. p. 4.33-460. 

18. -; --. Les centuriations romaines de Tunisie. 
Annales, E.S.C., Paris, 1957. p. 275-286. 

19. CAMPS, G. Les traces d’un âge du bronze en Afrique du 
Nord. Revue africaine, Alger, 1960. p. 31-56. 

20. CPXPS-FABRER, H. L’olivier et l’huile dans l’Afrique 
romaine. Alger, Service des antiquités, 1953. 

21. CAPOT-REY, R. L’Afrique blanche francaise, II. Le Sahara. 
Paris, Presses universitaires, 1953. 

22. CELERIER, J. La transhumance dans le Moyen Atlas. 
Hesperis, Rabat, 1927. p. 53-68. 

23. -. L’économie montagnarde dans le Moyen Atlas. 
Revue de géographie marocaine, Rabat, 1939. p. 57-67. 

24. CHAMOUX. C’ène sous la monarchie des Eattiades. Paris, 
de Boccard, 1953. 

25. CHEVALIER, A. Ressources végétales du Sahara. Paris, 
Museum, 1932. 

26. COLIN, G. S. La noria marocaine et les machines hydrau- 
liques dans le monde arabe. Hesperis, Rabat, 1932. 

27. CORIPPUS. L a  Johannide. Tunis, Revue tunisienne, 1902. 
(Translation by J. Alix.) 

28. COSTER, Ch. H. The economic position of Cyrenaica in 
classical times. In : Studies economic and social history 
in honor of A. C. Johnson. Princeton, 1951. p. 3-26. 

29. COURTOIS, C. Les Vandales et Z’Afrique. Paris, Arts et 
métiers graphiques, 1955. 

30. CRESSEY, G. B. Qanats, karez and foggaras. Geogr. Rev., 
New York, 1958. 

31. DEMOUGEOT, E. Le chameau et l’Afrique du Nord romaine. 
Annales E.S.C., Paris, 1960. p. 210-247. 

32. DESPOIS, J. Le Djebel Nefousa. Paris, Larose, 1935. 
33. - . L a  colonisation italienne en Libye. Paris, Larose, 

1935. 
34. __ . Rendements en grains du Byzacium il y a 2 O00 ans 

et aujourd’hui. In : Mélanges de géographie et d’orienta- 
lisme offerts à E. F. Gautier. Tours, Arrault, 1937. 

p. 22-60. 

p. 186-193. 
35. -. Le Hodna. Paris, Presses universitaires, 1953. 
36. -. L a  Tunisie orientale. Sahel et Basse Steppe (2nd ea.). 

37. -. L’Afrique blanche française. I: L’Afrique du Nord. 

38. -. Les greniers fortifiés de l’Afrique du Nord. Les 

39. -. Le Djebel Amour. Paris, Presses universitaires, 1957. 
40. -. La culture en terrasses en Afrique du Nord. Annales 

41. -. L’Atlas des centuriations romaines en Tunisie. 

42. --. B’ir. Encyclopédie de l’Islam (2nd ed.). 1954. 
43. DRESCH, J. Commentaires des cartes sur les genres de vie 

de montagne duns le MasSv central du Grund Atlas. Tours, 
Arrault, 1941. 

Paris, Presses universitaires, 1955. 

paris, Presses universitaires, 1958. 

Cahiers de Tunisie, Tunis, 1953. p. 36-60. 

E.S.C., Paris, 1956. p. 4’2-50. 

Annales E.S.C., Paris, 1957. p. 460-466. 

44. DUMND, J. H. Les sols d’Algérie, Alger, 1954,. 
45. Elevage (L’) en Tunisie. Terre de Tunisie, 1957, 1959. 

Nos. 4, 5. 

46. EMBERGER, L. ; MAIRE, R. Tableau phytogéogrupitique 
du Muroc. Rabat, Société des sciences naturelles du Maroc, 
1934. 

4~7. Équipement (L’) hydraulique du Maroc. Rabat, Société 
d’études économiques, 1954. 

48. FISHER, W. B. Problems of modern Libya. Geogr. J., 
London, vol. 49, 1953. p. 183-199. 

4~9. (FRANCHETTI). L a  missione Franchetti in Tripolitania. 
Il Gebel. Firenze, Milano, 1914,. 

50. FRIBOURG, A. La transhumance en Espagne. Annales de 
géographie, Paris, 1910. p. 231-244,. 

51. GAUCKLER, P. Enquête sur les installations hydrauliques 
romaines en Tunisie. Tunis, Direction des antiquités, 
1901, 1902. 2 vols. 

52. GAUSSEN, H. Carte des précipitations à 1:500 000. Tunisie, 
Algérie, Maroc. 

53. GAUTIER, E. F. Lepassé de 1’Afiique du Nord. Paris, Payot, 
1937. 

54. Géologie (La) et les problèmes de l’eau en Algérie. Alger, 
1952. (Brochures of the nineteenth International Geolo- 
gical Congress.) 

55. GOODCIIILD, R. G. Farming in Roman Libya. Geogr. 
Mag., vol. 25, 1952. p. 70-80. 

56. ___ . The decline of Libyan agriculture. Geogr. Mag., 

57. GOENOUNG, M. B. A propos de ce qu’il est convenu d’appe- 
ler steppes nord-africaines. Questions de géographie, 
Recueil 40 : Géographie physique de 1’Aflique et de l’Asie. 
p. 103-118. (Translated from Russian.) 

58. GSELL, St. IIistoire ancienne de l’Afrique du Nord. Paris, 
Hachette, 1913-1928. 8 vols. 

59. -. Enquête administrative sur les installations hydrau- 
liques des Anciens en Algérie. Paris, 1902. 

60. ISNARD, H. L a  vigne en Algérie. Gap, Ophrys, 1951, 1954. 
2 vols. 

61. - . L a  culture des primeurs sur le littoral algérois. 
Alger, Faculté des lettres, 1935. 

62. JARDE, A. Puteus. In: Daremberg and Salio, Diction- 
naire des antiquités. Vol. IV, 1. p. 779-781. 

63. JULIEN, Ch. A. Histoire de l’Afrique du Nord (2nd ea.). 
Paris, Payot, 1951, 1952. 2 vols. 

64. LARTIGUE DE. Monographie de l’Aurès. Constantine, 1904. 
65. LEVI-PROVENCAL, E. Histoire de l’Espagne musulmane. 

III : Le siècle du calgat de Cordoue. Paris, Maisonneuve, 
1953. 

66. LOMEAFJ), M. Le bois dans la Méditerranée musulmane. 
Annales E.S.C., Paris, 1959. p. 234-254.. 

67.  MAI^, R. Carte phytogéographique de l’Algérie et de la 
Tunisie, Notice. Alger, Baconnier. 

68. MARCAIS, G. L’architecture musulmane d’occident. Paris, 
Arts et métiers graphiques, 1954. 

69. - , Les jardins de 171slam. Mélanges d’histoire et d’archéo- 
logie de l’occident musulman, I. Alger. p. 238-244. 

70. MÄRCAIS, W.; GUIGA, A. Textes arabes de Takrouna. 
Vol. I. Paris, Imprimerie nationale, 1925. 

71. MERIGIII, A. L a  Tripolitania antica. Verbiana, 1940. 
2 vols. 

72. MIEGE, E. Les principales espèces et variétés de blé 
cultivées en Afrique du Nord. Revue de botanique appliquée, 
Paris, 1950. p. 16-38 and p. 203-215. 

73. - . Les cérCales secondaires en Afrique du Nord. 
Revue de botanique appliquée, Paris, 1950. p. 555-578. 

74.. MONCHICOURT, Ch. L a  région du Haut Tell en Tunisie+ 
Paris, Colin, 1913. 

VOL 25, 1952. p. 147-156. 

236 



Development of land use in northern Africa 

75. Olivier (L’) au Maroc. Rabat, Mission horticole, 194,9. 
76. PICARD, G. C. L a  civilisation de L’Afrique romaine. Paris, 

77. PLANHOL, X. DE. Le monde islamique. Essui de géographie 

78. PONCET, J. Problèmes actuels des campagnes tunisiennes. 

79. -. La mise en valeur Se la basse vallée de la Medjerda. 

80. POUPART, J. M. Les problèmes de l’eau i Marrakech. 

81. POUQUET, J. Les Monts du Tessala. Paris, S.E.D.E.S., 1952. 
82. PROST, G. Utilisation de la terre et production dans le 

Sud tunisien. Les Cahiers de Tunisie, Tunis, 1951.. p. 28-66. 
83. RECTENWALD, J. Le contrat de khammessat dans l’Afrique 

du Nord. Paris, Pedone, 1912. 
84,. ROMXNELLI. L a  Cirenaica romana. Rome, 1943. 
85. SAUMAGNE, Ch. Les centuriations romaines de 1’Africa 

vetus. C. R. de l’Académie des inscriptions et belles lettres, 

86. -. La photographie aérienne au service de l’archéologie. 
C. R. de L’Académie des inscriptions et belles lettres, 1952. 

87. SOLIGNAC, M. Travaux hydrauliques hafsides de Tunisie. 

Plon, 1959. 

religieuse. Paris, Presses universitaires, 1957. 

Annales de géoogruphie, Paris, 1951. p. 255-269. 

Annales de géographie, Paris, 1956. p. 199-222. 

Les Cahiers S’Outremer, Bordeaux, 1949. p. 38-53. 

1929. p. 307-313. 

p. 289-301. 

Revue africaine, Alger, II, 1936. p. 517-580. 

88. -. Recherches sur les installaiions hydrauliques de 
ICairouan et des steppes tunisiennes. Alger, Institut d’études 
orientales, 1953. 

89. SPILLMANN, P. Les Ait Atta du Sahara. Rabat, Moncho, 
1936. 

90. TERAN, M. DE. Geografia de &puna y Porfugal. I: Geo- 
graja Jisica. Barcelone, Montaner y Simon, 1952, 1954. 
2 vols. 

91. TERRASSE, H. Histoire du Maroc. Casablanca, Editions 
Atlantidec, 1949, 1950. 2 vols. 

92. TOURNIEROUX, J. A. L’oléiculture en Tunisie (2nd ea.). 
Tunis, Direction de l’agriculture, 1929. 

93. VAYSSE, J. L’élevage ou Maroc. Rabat, Direction de l’agri- 
culture, 1952. 

94. VILLAR, E. Huguet del. Types de sols de l’Afrique du Nord, 
Rabat, 1947-1948. 

95. VITA-FINZI, C. Some Roman dams of Tripolitania. Anti- 
quity, Dec. 1960. 

96. -. Post-Roman changes in the Wadi Lebda. In: 
Field studies in Libya. Durham University, 1960. 

97. YACONO, X. La colonisation des plaines du Chelif. Alger, 
Imbert, 1955, 1956. 2 vols. 

98. YANKOVITCH, L. &tude pédo-agrologique de la Tunisie. 
Annales du Service botanique, Tunis, 1935-1936, p. 4’17- 
559. 

237 



LAND USE 
IN THE SAHARA-SAHEL REGION 

bY 

THEODORE MONOD and CITARLES TOUPET 
Institut français d’Afiiquc noire, Dakar 

To deal with the history of land use in the Sahara 
and the Sahel-the intermediate zone between the 
desert and the Sudan-in the space of a few pages 
is an undertaking more than ordinarily difficult, 
and that for two quite opposite reasons. 
First, the genuinely historical documents available 

are extremely few; they are in fact extant in any 
considerable numbers only from the time of the 
Arab geographers onwards, that is, from a fairly 
late date. And secondly, the very paucity of source 
material would necessitate careful and critical 
marshalling of even the minutest details-a require- 
ment scarcely compatible with the limited number 
of pages at our disposal. 
Hence the inevitably disappointing nature of this 

brief essay, which will be as apparent to the reader 
as it is to its authors. 

GE O - C LI MAT I C S ETT I N G 
There can be no question here of dwelling on the 
general characteristics of the Saharan and Sahelian 
climates and their global meteorological causes, 
or on the various aspects of desert morphology and 
the main types of regions and their distribution, etc. 
All the necessary information on these matters will 
be found in general works (e.g., Capot-Rey [24];l 
Schiffers [72]) or in articles surveying the position 
(e.g., for the arid zones, Joly [47] ; for Saharan climates, 
Dubief [41] ; for Saharan morphology, Lelubre E491 ; 
and for geology, Menchikoff [57]). 
On the other hand, immediate mention must be 

made of a problem which is, ai. once, important for 
its bearing on the history of human settlement and 
vexatious because the many attempts to solve it have 
had to rely far too much on hypotheses. W e  refer 
LO the problem of climatic variations in the Quater- 
nary Era. 
No one doubts the fact that in Lhe Sahara and the 

Sahel as in many other parts of Africa 
series of alternating comparatively 
and dry (‘interpluvial’) periods, 

there has been a 
wet (‘ pluvial ’) 
the incidence. 

characteristics (deposits, fauna, industries) and distri- 
bution of which geologists and prehistorians are 
still trying LO elucidate. 
Let us admit at the start that it is impossible, 

in the present state of knowledge, to suggest an 
acceptable chronology for the Saharan Quaternary 
Era as a whole or to define the correlations between 
its various divisions and the classic divisions of the 
Pleistocene in Europe or East Africa. A mass of 
local or small-scale regional stratigraphic studies 
would have to be made before even the remotest 
comparison could be reasonably attempted. 
In the north-west Sahara (Saoura region), recent 

works [1, 2, 3, 4, 51, have established the existence 
of three pluvial periods-QI, and Qlb (pebble-tools, 
Acheulean) and Q1 (ALeiian)-and one humid phase, 
Q2 (Neolithic). Generally speaking, it is agreed that 
there were two major phases of settlement in the 
Sahara in conjunction with humid conditions : 
Lower Palaeolithic (advanced Acheulean, in parti- 
cular) and Neolithic, with Middle and Upper Palaeo- 
lithic less frequently or less widely in evidence. 
At this juncture comes a clash between two main 

hypotheses : that of an ‘ ebb-and-flow’ alternation 
of climates from side to side of the Sahara, whose 
northern and southern sectors are presumed to have 
had different histories [?I, and that of a desert about 
which w e  are told that the belief in a ‘wandering’ 
Sahara should be discarded in favour of the thesis 
of the simultaneity of climatic rhythms on all sides 
[20, p. 110; 21, p.. 391. 
One thing that is certain-and that which matters 

in this context-is that the humid Neolithic phase, 
from about 5000 to 2400 B.C.,~ constituted the last 

1. The figures in brnclcets refer to the bibliogrnphy nt the end of the ehnpter. 
2. This relates to the enstern Snhnrn [21, p: 391; we hnve no renson to believe 

thnt these dntes cnn hnve bcen very different for the rest of the Snharn. 
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Saharan biological and human optimum, and that 
thereafter a probably irregular but cumulative 
deterioration gradually produced climatic conditions 
which in the main can hardly have changed since 

There may well have been fluctuations : Butzer [21] 
notes €or example that in the present period there 
has been a local €all in the wakr table in the eastern 
Sahara, together with a cerlain reduction in precipi- 
tation since 1900 (for Lhe entire Mediterranean area, 
Saharan as well as Sudanese) and a slight rise in 
temperature. 
But the essential fact, as far as w e  arc concerned, 

is the almost complete absence of change over the 
past 4,000 years or so in a Saharan climate which, 
with ihe end of the final Neoliihic humid period 
and the passing from the Sahara of the elephant 
herds, assumed the arid features with which w e  are 
familiar today. 
It is essentially to those 4,000 years (for there 

is very little w e  can say about the Palaeolithic stages) 
that w e  must look in trying to trace the history of 
the use of natural resources. 
It would be wrong to lose sight of the possibly 

important part played by human activities in the 
actual creation, maintenance and often extension of 
the desert. This point has been repeatedly stressed, 
and there is no doubt that there is a disturbing 
amount of truth in what Stcbbing has said about 
‘man-made arid zones’, as well as in Reifenberg’s 
dictum, ‘the nomad is not so much the “son of the 
desert” as its father’ [69, p. 3791. Dubief [39] and 
Quezel [68] have also very righlly stressed Lhe role 
of m a n  in Lhe deterioration of the plant cover in 
desert regions; and in 1958, Monod [59] collected a 
eerlain amount of material on this subject. The current 
experiments (IFAN-Unesco) have not taken long to 
demonstrate, in the ease of protected plots in the 
Achar area of Mauritania, how serious and how 
decisive is the pressure exerted upon plants by m a n  
and beast. 

[21, p. 61. 

ETHNIC GROUPS 
AND THEIR ESTABLISHMENT 

W h o  are these men of the Sahara and the Sahel, 
whence did they come, and how did they establish 
themselves in their present domain? While it is still 
impossible to give a definite reply to these questions, 
w e  may venture to sum up what is now thought to be 
the likely answer-a task made easier by the fact 
that Cabot Briggs’ recent publication The Living 
Races of the Sahara Desert [I?] makes a major 
contribution towards solving these problems. 
Despite the-in some cases prodigious-abun- 

dance of industries, human palaeontology supplies 
little information concerning the Sahara and its 

southern exlensions : nothing for the Palaeolithie, 
nothing for the Mesolithic and practically nothing 
for the Neolithic. All in all a poor showing, which 
will need to be supplemented by extra-Saharan data 
extrapolated to a greater or lesser degree. 
Cabot Briggs concludes that there has been a 

double inflow of population : some elements having 
entered the desert from the north (and north-east) 
and some from the south (and south-east), while 
others may perhaps have come from boLh directions 
at Lhe same time, the whole movement probably 
amounting, in essence, to a twofold east-west penc- 
tration at different latitudes-one ‘ north Saharan’ 
and the other ‘south Saharan’, one ‘Mediterranean’ 
and the other ‘Sudanese’. 
The ‘Mediterranean’ contingent would include : 

1. Palaeo-Mediterraneans (industry : Ibero-maurusian; 
in the. Sahara : Aterian (?)-date, 10,000 B.C. 
or earlier). 

2. Afro-Mediterraneans (industry : Capsian-date, 
8000 B.C. or earlier). 

2A. Afro-Alpines (minor element). 
3. Result of a mixture of the above contingents : 
the Mechta-Afalou, who are followed by : 

4. Neolithics, whose ‘north Saharan’ heritage has 
added to it a ‘south Saharan’ element which, 
if not negro, is at any rate negroid. 

The ‘ Sudanese’ element, in fact, includes a ‘negroid’ 
or ‘semi-Hamitic negro ’ element (identifiable only 
from the Neolithic onwards, incidentally) to which 
Asselar M a n  probably belongs. Cabot Briggs [17, p. 131 
has defined this Sudanese element as a ‘strongly 
negroid population with a visibly substantial Hamitic 
component ’. Whatever its origin may have been 
(and w e  know nothing aboui: it), it seems to have 
introduced Neolithic culture or, perhaps it would 
be more correct to say, a Neolithic culture (charaete- 
rized by querns, grinders, incised pottery, polished 
axes, etc.) into the Sahara from the South probably 
some 5,000 years or more ago. 
The peopling of the Sahara would thus be the result 

of a convergent occupation from the north (Capsian 
Mesolithies, followed by Neolithics, of ‘ Mediterra- 
nean’ stock) and from the south (Neolithies of negroid, 
if not negro, stock). 
The North African Meditcrrancans are the parent 

stock of the Proto-Berbers and Berbers who, until 
the arrival of the Arabs, were to form a fairly homo- 
geneous group (Teda, Tuareg, Proto-Moors), subjected 
to more or less intensive cross-breeding on coming 
into contact with the Saharan negroids, with the 
cross-bred element sometimes dominant (Haratin) 
but always markcd.1 
It is not surprising, therefore, to find existing 

Saharan groups composed of various elements derived 
from the main stocks which came in contact: Berber, 

1. Somctimcs more strongly marked in morphology than blood (ne with tho 
Teda) or vice versa (as with the Moors). 
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in the broad sense (B); negroid (and negro, by slave 
additions) (N); Arab (A)-e.g., Haratin (N + B), 
Teda (B + N), Tuareg (B [+ NI), Moors (B + N), 
Mozabites (B [+N+ A]), Chaamba (A [+ NI), etc. 
The history of the Saharan populations, very 

roughly summarized, consists of a series of major 
stages. 
First of all, the pre-historic northern and southern 

stocks, once in contact with each other, interbreed 
to a greater or lesser extent in a Sahara with a savanna 
vegetation, and large Sudanese animals traversed 
by small clans of hunters and food-gatherers. A 
grain-growing (millets) and settled farming commu- 
nity may already have been becoming established 
in the southern part, while pastoral stockbreeding 
seems to have extended throughout the desert. 
After the Neolithic humid phase, with the dete- 

rioration. of the climate and the vegetation (to which 
m a n  and beast effectively contributed), segregation 
of an insular type gradually supervened : cultivation 
became confined to ever smaller areas and then to 
‘points’, ending in the oases, peopled by garden- 
tending Hazatins, which formed ‘islands ’ of seden- 
tary life in the midst of a vast ocean of no-man’s 
land, where both nomadic pastoralism and trade 
contacts necessitated new modes of transport-bst 
the horse and cart and then, probably about 2,000 
years ago, the dromedary. The camel, pack-animal 
and mount. in one, as a supreme stroke of luck for the 
herdsman and the warrior, was to enable human 
life to go on in the heart of a desert now closing in for 
good and all on pin-point palm groves-in a Sahara 
which had now become ‘the finest desert in the 
world’. Saharans of all kinds-the various types of 
Berbers, the ancestors of the Teda, Tuareg, Moors, 
etc.-settled into the type of economy which was to 
characterize them up to modern times, based judi- 
ciously on the herd, the caravan and the ghazw 
(armed raid). 
After several thousand years of relative stability, 

both ethnic and climatic (since the major groups were 
now established in the Sahara), and desiccation 
having reached its limit could scarcely get worse, 
the irruption of the Arabs at the height of the Middle 
Ages came to modify the language and religion of the 
area more than the racial admixture or way of life. 
At the same time however it was to produce that 
tremendous development of trans-Saharan trade, 
with the transport across the desert of the gold 
essential for an active Mediterranean economy 
importing Asian luxuries and black slaves-not all 
of which found a final destination in the Maghrib. 
The scenes represented on rocks in the Sahara 

alone, incidentally, provide a kind of epitome of local 
history, beginning with the Neolithic. Proof of this 
can be seen in the summary table recently proposed 
by Butzer for the eastern Sahara [Zl, p. 431 and broadly 
confirming the categories long since defined elsewhere 

(bubaline, bovine, equine, cameline and pre-came- 
line/cameline groups; groups of hunters (Sudanese 
fauna), cattlemen, horsemen, camel nomads, etc.). 
1. Neolithic hunters (about 4500-3600 B.C.). Big 
game : hippopotamus, crocodile, rhinoceros, ele- 
phant, ancient. buffalo (Bubalis), giraffe, ostrich, 
antelopes. 

2. Nomadic Neolithic herdsmen and hunters (from 
about $000 B.C.), bovine herds and game; with- 
drawal of the most significant species (hippopo- 
tamus, rhinoceros, elephant), which disappear from 
the eastern areas after 2750 B.C. and from the central 
area towards 2000 B.C. at the latest. 

3. Warriors and war chariots (after 1500 B.C. in the 
east, and towards 1200 B.C. in the central area). 
Horse, giraffe, ostrich, antelopes. 

4. Camel nomads (from the beginning of the Chris- 
tian era). Camel, ostrich, mouñlon. 

In 1956, Mauny [55] distinguished the following 
separate groups among Saharan rock sites : 
1. Naturalist group, with large Ethiopian fauna 

2. Neolithic group, herdsmen and bovines (2500- 

3. Equine group (1200 B.C.-preSent era). 
4. Libyco-Berber group (200 B.C.-A.D. 300). 
5. Arabo-Berber and modern group (from A.D. 700). 
The growing scarcity and then disappearance of the 
large fauna can also be traced from the petroglyphs 
(see the charts prepared by Mauny [55, 561 and 
Butzer [Zl]). An attempt has been made, on the basis 
of these data on the distribution of the elephant, 
giraffe, rhinoceros and hippopotamus in the Neolithic, 
and in the light of the ecological requirements of 
these species, to reconstruct the isohyets for the 
period for the eastern Sahara. 

It will be noted that, for the most part, the petro- 
glyphs show animals (whether game or livestock). 
There is nothing to prove, however, that stock- 
breeding, especially of bovines, did not originate in 
an already agricultural environment if the following 
sequence proposed by von Wissmann and Kuss- 
maul [80], which has sound arguments in its favour, 
is accepted : Stage A (hunting and food-gathering, 
succeeded by dogs, pigs, poultry and proto-arbori- 
culture; stage B (millets, sorghums); stage C (millets 
and sorghums, barleys (?), first appearance of goats 
and sheep); stage D (barleys and wheats, cattle). 

(5000-2000 B.C.). 

1000 B.C.). 

TECHNIQUES OF EXPLOITATION 

The difficulty of keeping, as desired, to established 
facts of history in an essay dealing with these regions 
has already been mentioned, but may well be stressed 
again. W e  shall therefore try in this context to dwell 
on those points-few in number, indeed-which allow 
reference to the past, albeit indirectly, in each of the 
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three following connexions : wild products, cultivated 
plants and domestic animals. 

WILD PRODUCTS 

242 

It is quite certain-and archaeology bears this out 
for at least two of the three 1 activities-that hunting, 
fishing and food-gathering have played an important 
part in Saharan economy since prehistoric times. 

For the Palaeolithic w e  are reduced to conjecture,Z 
bu1 with the Neolithic the material becomes more 
abundant, being based simultaneously on the subject 
matter of the petroglyphs, on industry (stone and 
bone) and on kitchen midden material, 

This last, in the Sudanese Sahara and the Sudan, 
has yielded abundant remains of mammals (elephant, 
hippopotamus, rhinoceros-as at Esh Shahcinab 
and Tiouririne-buffalo, antelopes, gazelles, wart 
hogs, carnivores, rodents, etc.); birds; reptiles (espe- 
cially a fresh-water turtle, Tzion) ; fish (especially 
the Nile perch (Lutes) and various types of catfish); 
and molluscs. 
As to industry, mention should be made, first, 

of the abundance (at least in the regional sense) 
of arrowheads, javelin heads and spearheads, and 
secondly, of the increasing number of discoveries of 
bone harpoons and fishhooks in the southern 
Sahara [60]. The finds m a y  include other hunting or 
fishing equipment, the purpose of which has not yet 
been determined. 
As to the rock carvings and paintings, they constitute 

as everyone knows, a regular gallery of animal art 
in which the wild fauna-represented on their own 
at the outset-continue to feature throughout, even 
in the singularly impoverished form of the Libyco- 
Berber graffiti, many of which depict ostrich, oryx 
or moufflon hunts. The ancient Neolithic represen- 
tations show huntsmen armed with bows and what 
may be wooden missiles; the shield, the javelin and 
the spear seem to have come on the scene later, with 
the advent of iron. Lhote’s L a  chasse au Sahara d’après 
des gravures et les peintures rupestres (See [SO, p. 2011) 
may be profitably consulted in this connexion. 
While there may have been Neolithic groups of 

hunters in the Sahara who were unacquainted with 
domestic animals-and the petroglyphs go to show 
that such was the case-it is probable that some of 
the hunting methods still practised were already 
current at that time, such as the use of snares of 
various types (including the sharp-spoke trap), 
whereas the bow had disappeared from the Sahara. 
The hunters at the bovine stage-for game-hunting 
and stockbreeding were to go hand in hand, as they 
do today-at first remained essentially bowmen, 
but other hunter-herdsmen were later to adopt the 
meLal-Lipped javelin and the shield. The horse appears 
soon after, and the only Louches that need to be 

added to the picture to bring us to the Sahara as we 
know it today are the camel and the rifle. The present. 
day hunting pracLices of the Tuareg [is, 501, the 
Teda [29] and the Nemadi [MI, for example undoubt- 
edly give an idea of what prehistoric hunts-even 
Neolithic ones, in many respects-were like : snaring, 
coursing, hunting with dogs and nets, meat drying, 
etc. are all features which most certainly have a very 
long tradition behind them. Striking cases have 
been observed here and there of individual or group 
survivals of an extremely archaic way of life: the 
skin-clad hunter encountered in the Aïr region, as a 
living example of the men of ancient times, and 
himself on a par with the animals of the bush [lg, 
p. 4471, is symbolic in this respect. 
Except for a small number of ‘professionals’ who 

went in for ‘commercial’ hunting (Nemadi, Azza, 
Haddad, Cherreck, Nichab, etc.), hunting provided 
the nomads with no more than an addition to their 
food supply-an addition, none the less, which was 
eagerly sought for and which included, in the case 
of children and slave groups as well as in times of 
scarcity, all sorts of small animals, down to rats, 
lizards, locusts and even the larva of an insect 
parasite of the Euphorbiae. But to be reduced to eating 
powdered bone was real famine. 
Side by side with hunting, the population engaged 

more or less intensively-depending on locality and 
season-in gathering plants either as a source of 
tiibits or condiments, or as a useful adjunct to an 
inadequate &et, or, if scarcity threatened, as a means 
of survival, even if it meant eating crushed wood, 
palm fibres or date stones. 
The number of Saharan plants capable of providing 

wild food is fairly large, and the main ones might 
be tentatively grouped as  follow^:^ 
Fungi : Terfezia spp. 
Rhizomes and fleshy stems : Cistanche phelyphaea, 

Cynomorium coccineum, Typha elephantina. 
Amaranths : bynundropsis pentaphylla, Portulaca 

oleracea, Rumex spp., Eruca sativa, Schouwia 
purpurea, Solanum nigrum, etc. 

Seeds of Herbaceae : Boerhavia sp., Chenopodium spp., 
Aizoon canariense, Cassia italica, Colocynthis vulgaris, 
Limeum sp., Glinus lotoïdes, Glossonema boveanum, 
Rogeria adenophylla (S), Blepharis spp., etc. 

Caryopses of Graminaceae : Panicum turgidum, Pani- 
cum spp., Aristida pungens, Cenchrus prieurii (S), 
C. bijlorus (S), C. ciliaris (S), Sporobolus spicatus, 
Sorghum sp., Echinochloa spp. (S), Latipes sene- 
galensis (S), etc. 

1. For threc out of three, if thc Neolithic querns were used to mill wild secda 
and not cerealr. 

2. Lhote has referred [50, p. 1891 to Acheulenu ‘eneampmcnts’ at Tihodaine 
and Admer, with bones of big game prehistoric clephant, giraffe, hippopo- 
tamus, zebra); Aramhourg [6, p. 283i mentions Elephas of. recki, the white 
rhinoceros, a zebra, (Epeus mauriianieus), the hippopotamus, Boa primi- 
genius, a gnu, nu elk, a strepticcros, U bubal etc., hut without referring to 
the direct link between fauna and industry. 

3. (S) denoteü II species which is more pnriicularly Sahclian, 
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Fruits : Salvadera persica, Zizyphus spp., Balanites 
aegyptiaca, Cordia gharaf, Cocculus pendulus, Boscia 
senegalensis, Maerua crassifolia, Capparis aphylla, 
Rhus oxyacantha, Greaoia tenax, Grewia spp. (S), 
Sclerocarya birrea (S), Nyphaene thebaica (exocarp 
and corozo), etc. 

Aromatic plants for infusion (often used more or less 
medicinally) : Solenostemma argel, Artemisia spp., 
Brocchia einerca, Paronychia spp., Cympopogon 
schoenanthus, Myrtus nivellei, Menta spp., Salvia 
chudaei, etc. 

Edible gums and mannas : Gum of Acacia spp., 
manna of Tamarix. 

A very interesting chapter with lists of species) 
is to be found in an unfortunately little known book 
by Creac7h [35] on plant food-substitutes among 
the Chad Arabs. Also worth consulting is the relevant 
chapter in A. Chevalier’s Plantes spontanées du Sahara 
et de ses conJim utilisées dans l’alimentation l31, p. 8031. 
Generally speaking, the plant foods collected are 

an important item mainly in the mountain massifs 
(especially Tibesti) a and in the Sahel, with its ‘kreb’ 
graminaceae, usually gathered in baskets. This food, 
whatever its local or seasonal usefulness, however, 
never amounts to anything more than a supplemen- 
tary supply. 

CULTIVATED PLANTS 

The origins 

The excavations of the Neolithic site at Esh Shaheinab 
have yielded no clear indications of agriculture, 
but emmer (Triticum dicoccum) and barley are, 
of course, known from various Neolithic sites in 
Egypt (Fayum, Merimde, etc.) from about 4,000 B.C. 
onwards [75, p. 242 and p. 2881. 
W a s  agriculture practised in the Sahara in Neolithic 

times, or not? It is generally agreed-at least impli- 
citly-that it was, so obvious does that development 
appear; and the heavy equipment found (querns, 
crushers, pestles, etc.) is considered to have been 
used for ‘agricultural’ purposes. 
According to A. Chevalier [32, 331, the Sahara saw 

the emergence of protoculture at the end of the 
Palaeolithic period, and (in the extreme south) 
must have been a veritable ‘breeding ground for 
cultivated plants ’-such as, date palms, certain 
jujube trees, sorghums, penicillariae, digitarise, rice 
(Oryza glaberrirna), and various vegetables-‘ old’ crops 
(sorghums and p enicillariae) being supplemented 
by new ones of Eastern origin (wheat, barley, legu- 
minous plants, etc.). Schnell states ñrdy 173, p. 91, 
see also p. 105 and p. 1301 that ‘Neolithic sites, 
many of them abounding in querns, occur in large 
numbers in the savannas right up to the Sahara, 

where this form of grain growing must have been 
very widespread’. 
It is equally certain, however, that a quern m a y  

perfectly well serve for grinding wild seeds [67, p. 801 
and even many other substances (condiments, dyes, 
perfumes, etc.). 
Only recently, Balachowsky, in a paper on insects 

harmful to Saharan crops, felt justified in stating 
that there appeared to be no indication of agriculture 
having been practised in the Sahara in Neolithic 
times; he obviously considered (although he does 
not say so in as many words) that it was for 
crushing wild seeds that the grinding equipment was 
used. 
It is true that for the Saharan Neolithic w e  have 

no material evidence of the existence of agriculture 
(as we do for the lake-dwellings or for Egypt) in the 
form of cultivated grain. In the case of the Kharga 
‘peasants’ of the Neolithic, however, G. Caton- 
Thompson unhesitatingly concludes that ‘ although, 
unlike Fayum, no concrete evidence for agriculture 
was forthcoming, the artefacts and grinding stones 
proclaim it . . .’;4 while at Armant, Huzayyin says 
that ‘as to the grinders and the quem there can be 
no mistake about their use’, they are objects ‘connected 
primarily with agricultural food’.5 
Significant points, in respect of the Neolithic 

Saharan populations (Waran, Aklé, Awker, Azawad, 
etc.) who had heavy grinding material, are: (a) the 
existence of identical material associated with a 
highly developed agriculture (Fayum, etc.) ; (b) the 
presence of settlements, and sometimes of regular 
villages; (e) the association, with the querns, etc., 
of a vast quantity of pottery; (d) the possibility 
that many of the ‘polished axes’, especially those 
with dissymmetrical bevels, are really hoes; (e) the 
difficulty of imagining a large sedentary settlement, 
or even a large group of semi-nomadic cattle breeders, 
relying on plant-gathering for a large part of their 
food supply and the whole of their plant food; 
(f) .the invariable association of the quem in West 
Africa (in places where it exists!) with agriculture 
(cf. Schnell [73, passim], Prost [47] and Pales [64]; 
(g) the probable use, among the Tuareg of the Central 
Sahara, of the wooden mortar, especially for millet, 
dates, cheese and locusts, whereas it is the guern 
that they use for grinding wheat [63, figure 121. 

However that may be, the present-day Sahara is 
characterized by a fairly large number of cultivated 
plants : Corti (1942) gives a list of 93 for the Fezzan 
alone; and A. Chevalier should also be referred to 
for his list of Cultivated, cultivable or spontaneous 

1. But the botnnnicnl names m e  not always relinble. 
2. Where the colocynth seed industry is pnrticulnrly extensive. 
3. Mission Scient. Tassili des Ajjez, III, Zool. pure et appliquée, Inst. Rech. 

4. Kharga Oasis in Prehistory. London, 1952. p. 38. 
5. In : Sir R. Mon d  nnd Oliver H. Myers, Cemeteries ofhmnnt. Vol. 1, London, 

G. Prnctienlly nbsent from the culture of the steppe hunters (e.g. bushmen). 

Snhnr. Univ. Alger, 1958. p. 9. 

1937.-p. 225. 
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plants used by the peoples of the Sahara and on its 
northern and southern fringes [31, p, 8251. 
In the absence of archaeological material, the 

history of ancient Saharan agriculture remains conjec- 
tural, Nor should it be forgotten that the origins of 
agriculture reach back, without clearly defined limits, 
to protoculture and plant-gathering : it can be seen, 
for instance, how the digging stick of the food- 
collectors, weighted with a stone kwé, becomes an 
agricultural implement among the Galla [73, p. 1211.l 
Many of the plants which were used for various 

purposes (food, magic, etc.) must have gone through 
a stage of protoculture or ‘ semi-domestication’ 
such as that which is still being traversed today by 
the Karité, the Néré (Parkia biglobosa), the baobab, 
the tamarind, certain palm trees (including the Elacis), 
cola trees, etc. Kronenberg [48] sees Nachtigal’s report 
that the colocynth (with edible pips) had been sown 
in the wadis of north-western Ennedi 2 as an interesting 
example of the transition between the stage at 
which a wild plant is gathered and that at which 
it is cultivated. 

As a first approximation, the introduction of culti- 
vated plants in the Sahara and Sahel might be divided 
into the following stages : (a) Ancient elements from 
Mediterranean (Near Eastern or Abyssinian) centres ; 
(b) ancient indigenous elements (Afro-steppe centres) ; 
(c) various contributions (‘ Eastern’)-Arab period 
(eighth to fourteenth centuries); (d) various contri- 
butions (mainly America, Asia)-Portuguese period 
(fifteenth to seventeenth centuries) ; (e) various 
contributions-Modern period (eighteenth to twentieth 
centuries). 
While it can be taken that the Saharan Neolithic 

time (or part of it, at any rate) was acquainted with 
agriculture, it is not possible to determine which of 
the two contributions, the Near-Eastern (Egypt, 
Abyssinia : Em m e r  (Triticum dicoccum) and barley) 
or the Sahelo-Sudanese (sorghums, penicillariae, etc.), 
is the older. It emerges, on the other hand, that there 
are-and have probably been for a very long time- 
two Saharas, one growing wheat and the other millet, 
the boundary between them very roughly coinciding 
with that between the ‘Mediterranean’ and ‘African’ 
Saharas. 
Even if the Sahara proper had not been the real 

home of cultivated plants that Chevalier imagined 
it to be 131, 32, 331, it would, with progressive desic- 
cation and hence ‘encystation’ and isolation of the 
oases, have become a ‘secondary centre for the neo- 
formation of wheats’ [65, p. 3151 whose forms would 
bave assumed, by parallel variation, a ‘Saharan 
aspect’ corresponding with Ducellier’s oasicola type 
(cf. Erroux, [43]). 
Whereas the modern contributions to traditional 

Saharan agriculture are negligible, and the American 
species (tomato, pimento, tobacco, ground-nuts, 
etc.) are easily discernible, it is extremely difficult 

to differentiate between the ‘Arab ’ contributions 
(a better name would be ‘Moslem’) and those of the 
old Berber Mediterranean, as also between the latter 
and those of a Neolithic ‘Near East’ already perhaps 
acquainted with wheat, barley, beans, peas, the onion, 
the fig tree, the apricot iree, the vine, henna, etc. 

Even where the date palm is concerned, we know 
nothing definite about its origin, nt31 about the history 
of its introduction throughout the desert. Chevalier 
[31, p. 101 considers it ‘certainly of Saharan origin’ 
and hence more or less locally ‘domesticated’ at a 
stage of protoculture comparable to that of the Dum 
(Hyphaene) among the Teda-a theory which would 
not, of course, preclude the possibility of many of 
the palm groves being of recent origin, dating from 
the Middle Ages. 

Types of cultivation 

The peoples of the Sahara and the Sahel very soon 
learned to exploit their meagre water and soil resources 
by developing a linear pattern of farming along the 
Sahelian wadis and a punctiform one in the Saharan 
oases. The sedentary groups were reduced, in fact, 
to using only the clayey, sandy soils of the alluvial 
valleys, the floodwater debris areas or the hollows 
between the dunes. 
‘Of an area of 350,000 square kilometres, equi- 

valent to sixty French Departments, the Hoggar 
extension has a population estimated in 1949 at 
slightly over 10,000 but to feed them this enormous 
tract contains only 1,420 hectares of useable land, 
representing a ratio of 0.00004 to 1, as between 
useable and total area. And even so this poor and 
particularly disfavoured area, with its very marginal 
agriculture, exploits only 460 hectares of the cultivable 
land at its disposal.’ [53, p. 338.1 
Water control has assumed many different forms, 

involving a coherent and developed social organiza- 
tion from the very start. It would be wrong to assert 
that the simplest techniques are the oldest. In the 
Tagant oases, for example, the sedentary population 
has for centuries been using wells with counter- 
poised sweeps whereas the nomads who have lately 
been converted to the profitable cultivation of the 
daze palm make do with the simple type of well- 
the only one they know how to build. 

The limited spread of what are considered to be 
more efficient techniques is not exclusively due to 
human causes; the fact is that natural conditions 
are so varied that the settled population has been 
able demonstrate its inventiveness in a variety of 
solutions adapted to every set of natural circum- 
stances. Figure 1 illustrates this regional development 
of water control techniques. Since the small volume 
1. Sec alno G. Mortclmaus, A propon de quelques pierres percées remarquaùlea 

du Katanga central. Bull. Soc. Roy. Belge Anthrop. Préhisi., LVIII, 1947. 
p. 151-171. 

2. Sahara und Sûdûn, Il, 1881. p. 179. 
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and unequal distribution of precipitation preclude 
farming based on year-round rainfall: two main 
systems of cultivation are possible : those based 
either on floodwater or on irrigation. 

Floodwater cultivation makes use of the sheet of 
water which covers the main bed of a wadi at flood- 
time, moistens the dried earth and leaves behind 
small alluvial deposits, brought down from upstream; 
the saturated soil can be cultivated as the water 
recedes. Hence the size of the flood governs the 
acreage to be sown : one year there may be too much 
water, and the fields are transformed into marshland 
because of the very slow run-off, while in another 
year the flood m a y  be insufficient and the marginal 

Km.0 200 LOO 600 800 1000Km 

fields will stay dry. This form of natural floodwater 
cultivation becomes precarious when practised along 
the wadis in the Sahele-Saharan zone, where the 
floods are very rare as well as being too short-lived 
-often lasting only from 36 to 72 hours-to wet 
the dried-out soils sufficiently. The sedentary popu- 
lation builds dams (as in Adrar, Tagant, Hodh, 
Assaba, Brakna) to retain the water and increase 
the flooded area, but these earth and stone embank- 
ments-leaky, unstable and often without overfalls 
-are usually incapable of withstanding peak floods. 
1. In the Snhelian zone, between the 500- and 300-mm. isohyets, nnd espe- 

cially in the Trnrza area, rainfall cultivation can be practised in the hollows 
between the dunes when the summer rains are sufficiently abundant; but 
this form of cultivation is an uncertain one. 

30 

2 oq 

I o' 

FIG. 1. Types of land use in the Saharo-Sahelian zone. (Irrigation systems as described by R. Capot-Rey [24,].) 
The heavy lines represent the limit of palm plantations to the north and the 500-mm. isohyet to the south. 
Key: 
1. Floodwater cultivation 
2. Spring-water irrigation 
3. Irrigation by wells with counter-poised sweeps 
4. Irrigation by wells worked by draught animals 

5. Irrigation by artesian wells 
6. Irrigation by foggaras 
7. Irrigation by open culverts 
8. Irrigation by dams 
9. Bour-type cultivation 
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The wadis at the exit from the Mauritanian plateaux 
(Aïr, Tibesti or the Saharan Atlas) end up in areas 
covered wiLh flood debris-known as grara or maader- 
representing the last outposts of floodwater culti- 
vation in the desert zone. Some of the Sequiet el-Hamra 
hollows are likewise cultivated along grara lines 
although they receive not only run-off water but also 
autumn and winter rainfall, thus providing a transi- 
tional form between floodwater cultivation and rain- 
fall cultivation. A striking fact about these particular 
lands, which are scattered throughout the hamada 
(stony plateaux), is that their nomad owners cultivate 
them with the aid of the swing plough, since they 
have enough camels to use them as draught animals. 
Everywhere else (except at Biskra), hand implements 
are the rule. 
Irrigation cultivation takes a variety of forms : 

‘ bour’-type cultivation; irrigation from the wadis, 
with run-off water or spring water; use of the water 
table with the aid of simple wells, wells with counter- 
poised sweeps, draw wells driven by animals, foggaras 
and artesian wells (see also Fig. 2). A classified list 
of these various methods, with an exhaustive analysis 
of them, will be found in Capot-Rey [24, p. 3061; 
while regional examples are examined in detail by 
C1. Bataillon [8] and Jean Bisson [13], as well as by 
Jean Despois in Mission scientifique du Fezzan, 
tome III, Géographie humaine. These techniques 
definitely seem to have been in use for a very long 
time. For example, the Adjal foggaras were mentioned 
by Idrisi in the twelfth century; and there is a four- 
teenth century description of artesian wells by Ibn 
Khaldun. Hand-cultivation methods, too, have hardly 
changed. El Bekri gives valuable details concerning 
life in the oases as early as the eleventh century: 
‘Sidjilmessa [in Tafilalet] is situated in a plain whose 
soil is full of salt. . . . It lias many gardens. . . . The 
water used for watering the seedbeds comes from the 
river and is collected in tanks, as is customary else- 
where for cultivating gardens. Dates, grapes and all 
manner of other fruits are found there in great abun- 
dance.’ [12, p. 282.1 El Bekri also visited Aoudaghost 
(the present Tegdaoust, in Rkiz Hodh) on the other 
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FIG. 2. Section through a foggara. (After J. Savornin, Truv. 
Inst. Rech. sahar., 1957, p. 47.) 
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FIG. 3. Plan of a garden in the Tijigja palm-grove. 

edge of the desert : ‘. . . W e  arrive aL Aoudaghost, 
a large and populous town built in a sandy plain . . . 
all around spread gardens of date palms. Wheat is 
grown here with the spade and is watered by hand. 
Only the princes and rich folk eat it; most of the 
population lives on doro (millet). Gourds flourish here. 
They also have some small fig trees and a few vine 
stocks. The henna gardens their owners much wealth. 
Aoudaghost has wells which provide fresh water. ’ 
[12, p. 299.1 Thus an Aoudaghost garden grew the 
same crops as the oases do today: the date palm, 
millet (presumably the dwarf variety, or mutri), 
wheat, and henna; only the vine stocks seem to have 
disappeared from Mauritania. 
Four centuries later, Valentim Fernandes [ZS, 

p. 791 gives us this lively description of life in the 
Adrar oases: 

The whole mountain is covered with date palms . . . every 
inhabitant of the region owns land in these wadis. By digging 
to the depth of one cubit into the dry wadi beds, they straight- 
way come upon water which is the best in the world. On chis 
mountain, named Baffon, grow wheat, barley and Guinea 
millet. 
They sow the seed in the sands, [notwithstanding] that 

God has never yet made a plant grow there, and build an 
enclosure of palm branches round each seed-plot. In the 

1. He undoubtedly meaua the hoe. 
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middle of the sown area they dig a fountain to which a water- 
raising device is fitted for drawing off the water in a pail: 
with this water they irrigate the sown [field] in which the 
[plants] grow very tall and strong. They [proceed] in the same 
way for every other crop they wish to grow, for henna, for 
example, and for other plants which are strange to us. These 
fields are harvested in March. 

Figure 3, representing a plot of land in the Tijigja 
oasis, gives an idea of the persistence of techniques and 
crops since the fifteenth century. 
This persistence of such a variety of techniques is 

matched by the continuity of social structures and 
the land-tenure system. Landuse in the Sahara and 
Sahel is conditioned, in fact, by the problem of the 
relations between the nomads and the sedentary 
population. The latter are usually Berbers of no 
great affluence or Haratin ‘freedmen’ of Negro 
origin. The Haratin seldom own the land they work, 
and the Berbers do not always do so: it usually 
belongs to nobles of Arab or Berber origin, leading 
a nomadic, or at least semi-nomadic life (Doui Menia, 
Kunta from Tagant). There are two separate types 
of ownership: collective (arch), in respect of flood- 
water farmland, and private (mellc) in respect of 
oasis land, i.e., land ‘vivified’ by water, with the 
person responsible for ‘ vivification’ becoming the 
owner. 
But private ownership is limited within the general 

context of collective ownership. In Tagant, for 
example, the sharia recognizes the Idawali as supreme 
owners of all the lands on the upper reaches of the 
Wadi Tijigja. N o  stranger may acquire uncultivated 
land there for planting palm trees and digging wells- 
‘vivifying’ it; he is only allowed to buy land which 
has already been developed, and even that possibi- 
lity is limited by the system of habou property. The 
object of this is to keep the family inheritance intact, 
the originator of the settlement retaining the owner- 
ship and his descendants having only a life-interest 
in the property. Joint ownership is also very com- 
mon and is, of course, another obstacle to land 
trans actions. 

The inheritance protection measures also militate 
against those who work the land. According to a 
census conducted in El Goléa in 1942, ‘less than 
one-third of the palm plantation belongs to those 
who cultivate it’ [23, p. 251. It is very rare that 
noblemen, who often suffer from malaria and, above 
all, despise any form of work on the land, will be 
prepared to wield the hoe or draw water. In the past 
they relied on their slaves; and it is the latter, now 
free, who work the estates of their former masters under 
a contractual system of sharecropping known as 
khamessat whereby they receive one-fifth of the crop. 
The khammès can also acquire ownership of newly 
developed land: the owner provides the land, the 
seed and the palm shoots, and the lchammès under- 
takes to plant and tend it for a given period, at tlie 

end of which he becomes the owner of one-third or 
one-half of it; but the syscem of planting leases is not 
very widespread. 

DOMESTIC ANIMALS 

The origins 
The Mesolithic site mentioned in Early Khartoum 
[9, p. 271 contained no trace of domestic animals, 
but the Neolithic one at Esh Shaheinab yielded 
a few slight remains of other than local animals 
(goats or sheep?) which must therefore have been 
introduced by man. Bates suggests [lo, p. 131 that 
the dwarf Neolithic goat of Esh Shaheinab may have 
reached the Upper Nile from Barbary by way of the 
Hoggar and Tibesti. 
The origins of domestic animals in the Sahara 

remain as conjectural as those of agriculture. Consi- 
dering the extreme uncertainty and frequeni confusion 
which continues to bedevil zoological identification 
even in the case of the Nile Valley: the position as far 
as the Saharan problems are concerned can well be 
imagined. 

One ingenious hypothesis [37, 381 is that the Sahara 
was an early centre of domestication, which had 
been more or less forced on man through the changes 
occurring in local conditions-in this case, desiccation. 
The hunter, attached to a particular herd, which 
becomes more clearly segregated geographically as 
water points become scarcer, ends up by husbanding, 
supervising and ‘ administering’ the game which has 
now, for him become livestock, and from which he 
obtains milk instead of always having to kill it for 
its meat. This new civilization, with its Saharan 
domestic animals, is considered to have withdrawn 
to the Nile Valley, where the later representations 
of the oryx and the addax2 are thought to be not 
examples of tamed menagerie animals but ‘scenes 
relating to the ancient life of the Saharan peoples’ 
and depicting animals ‘kept in captivity for the 
purpose, in particular, of religious sacrifice’ r38, p. 1141. 

Dechambre’s hypothesis raises from a new stand- 
point the great problem already raised by Saharan 
Neolithic pottery3 of the possible influence of the 
Sahara on Egypt. It will be noted that it applies 
only to species whose domestication would have been 
merely temporary, probably because of the intro- 

Where petrogiyph experts have been ahle to identify Bos primegenius 
(UUB), Syncerus caffer (African buffalo) and Bos indicus (zebu) (cf. J. W. 
Jackaon. In : R. Mond and O. H. Myers, Cemeterios of Armant. Vol. 1, 
London, 1937. p. 254). 
Cf. L. Joleaud, Bull. Soc. GQogr. Archcol. Oran, vol. 38, fase. 150, 1918, 
p. 105, notes 4-5; the representation would appeor to he of the addax 
rather than of the Kobo unetuosus and the kudu. The author ai50 lists, 
as animals domesticated in the Old Empire, the hubnl, the Bcden i b a  
and tlie moufflon. Incidentally, a number of rock carvings seem to dcpiot 
giraffes secured by B halter, which may represent either captured beasts 
or domesticated ones, 
R. Nond and O. H. Myerfi, op. cit., p. 267-376 (by O.H.M. and C.A.E.). 
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duciion of more profitable species (whose domestica- 
tion may not necessarily, however, invariably have 
preceded the practice of agriculture); if goats and 
sheep were among ihe first domestic animals, as has 
been reasonably conjeciured, and if Lhis association 
with m a n  coincided in time and place with the begin- 
nings of grain growing, the hunler-stockbreeder hypo- 
thesis would not apply to them [63, p. 105; 79; SO]. 
The question of the existence of African centres of 

domestication, especially in areas where progressive 
desiccation might have favoured such attempts, 
remains open [44, p. 5541. 
The Neolithic Sahara went in for breeding bovines, 

and its rock art provides a wealth of evidence of that 
fact, sometimes in the form of a series of regular fres- 
coes (Mertoutek, Tassili des Ajjers, Awénat, etc.). 
For the most part, they probably represent various 
breeds, differently horned (cf. Rhotert’s table [70, 
p. 102]), of the Bos africanus and Bos ibericus [44, 521. 
The zebus are believed to have been introduced later. 
The history of sheep, goats, asses, horses, dogs and 

pigs in the Sahara is no less obscure than that of the 
bovines [44] (for the horse, see also [51]). That of the 
camel remains perhaps even more debatable, for 
while the recent rise of a camel-based civilization 
following the equine and bovine periods is obviously 
beyond dispute, some quarters maintain that the 
appearance of the camel (or its reappearance, since 
Pleistocene camel fossils have been found in Barbary) 
dates back to the beginning of our era, whereas others 
consider that the cameI, which was known in Egypt. 
long before this: has never ceased to be used in 
North Africa and the Sahara in historic times : 
‘It is completely pointless, I think, for the historian 
to try to delermine the time at which the camel was 
reintroduced into North Africa, for the simple reason 
that there are no grounds for believing that it was 
ever absent from it in historical times’ [35, p. 991. 
Whatever may be the facts of a history which is not 

yet fdIy cleared up (ef., for example, [17, p. 31; 
26; 51; 58; 61; 71; 74; 76-78]), it is quite certain 
that the part played by the camel in Saharan economy 
manifestly increased during the Libyco-Berber period, 
enabling man to continue to live and possibly to 
survive in a desert which had become singularly 
inhospitable, 
The development in the Middle Ages of an extensive 

trans-Saharan caravan trade, which was to disappear 
only with the European occupation of both shores 
of the desert-ocean, is inconceivable without an 
animal which, in another sphere, was to provide the 
nomad with most reliable assistance for a less pacific 
industry-that of pillage. 

Types of stockbreeding : nomccdization 

form of land use in the Saharo-steppe region, nomad. 
ization imposes such strict geobolanical and social 
imperatives and assumes such varied aspects that 
it is particularIy difficult to grasp the process of its 
development. 

Nomadic life and its compulsions. The herdsman, 
whether Saharan or Sahelian, is compelled to move 
about in search either of permanent but scattered 
pasturelands or else of achsb, the temporary fields 
that appear after the fall of the life-giving rains- 
rahma, ‘the mercy of God’, as the Regueibat Lgoua- 
cem call them [27, p. 961. 
H e  has to plan his route according to the water 

points available, and to reconcile himself to abandon- 
ing good pastureland which is too remote from the 
wells. The extent to which he is tied in this way 
also varies according to the nature of his livestock. 
The camel is able to do without drinking during 

Lhe cool season if the pasture is green, but has to be 
watered every four days in summer; the ox, on 
the other hand, needs water every day; sheep and 
goats, which can make do with one watering every 
two days in summer, can scarcely be more than 
15 miles from a water point. 
Whereas the camel is fond of had, and of salty 

plants in general, it rejects straw, which the ox, 
on the other hand, finds acceptable. It cannot make 
its home in areas which are too well watered, like 
the southern Sahel, where there are swarms of a 
species of fly transmitting a type of sleeping sickness. 
Then again, camels, oxen, sheep and goats all need 
salt; and providing them with a salt-cure means sta 
more treking, especially in the southern Sahara. 
For all these reasons, camels are essentially Saharan 
and oxen Sahelian, with sheep and goats proliferating 
in either zone. All in all, the task of leading herds, 
looking for strays, watering, milking, and if necessary 
shearing and providing veterinary treatment, absorb 
the whole of an encampment’s energies and call for a 
large and hard-working labour force. Although stock- 
breeding ranks as a worthy occupation, most of these 
tasks are traditionally performed by ‘ servants’ 
and Haratin, and the departure of this labour force, 
like the advent of drought, means the clisappearance 
of the encampment. The herd, in fact, provides the 
community with its living, its food, shelter (and in 
former times its clothing), and represents its means 
of transport, its exchequer and its currency. The 
milk supply is the main source of food for the women 
and children, and even for the men after the rains 
or during some of the long camel treks. El Bekri, in 
the eleventh century, cites the example of the Beni 
Lemtouna : ‘These people live a nomadic life and 
travel about the deserl. . . They know nothing about 
tilling the land or sowing; they do not even know 
what bread is. Their herds are all their wealth, and 
I. Mexnnder’s expcdition to the oasis of nmrnon ineltided   am el^. 

Although, considering the level of traditional tech- 
niques, extensive stockbreeding is the most rational 
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their food consists of meat and milk.’ [U, p. 310.1 
Actually, the contemporary herdsmen (and this was 
probably true of those of olden times) are reluctant 
to slaughter their beasts and therefore eat little meat. 
Valentim Fernandes (fifteenth century) makes special 
mention of milk : ‘In the provinces of Lodéa and 
Brebish, which consist entirely of desert, the people 
eat neither bread-of which they have never even 
heard-nor fruit, but simply drink camel’s milk, 
which is the food of all who travel. . . . Milk is the 
healthiest thing in the world, which is why the Moors 
regard she-camels as sacred.’ [ZS, p. 99.1 
The nomad’s dwelling, his tent, is usually made 

of strips of woven goat and camel hair (western 
Sahara) or black sheep’s wool (Mauritania), or of 
moufflon skins, gazelle skins and oxhide (Tuareg) 
stretched across poles or arches. Only the Peuls, 
on the Sudanese border of the Sahel, and the Teda 
of Tibesti use plant products (palm-leaf mats and 
fibres). The recent increase in the use of light tents 
made of strips of cotton material (bénie) should also 
be mentioned. 
As far as clothing is concerned, vegetable products 

nowadays predominate : the descendants of the 
Azenègues, clad in their oryx skins, have turned, 
like most of the Saharans, to flowing garments made 
of blue Guinea cotton. 
One of the main uses of livestock, even though 

reduced since the beginning of this century, is for 
transport. The encampment organizes its own moves : 
the camels carry food supplies and tent poles and the 
asses are laden with tassoufras, pots and pans and 
a gaggle of children, or disappear beneath the opulent 
curves of outsize women. The men have their saddle- 
camels and the chiefs their horses. And lastly, nomad- 
ism would be completely impossible without the 
goat-bide water-skins (guerbas). Sometimes a Saharan 
caravan consisting of a few camels will transfer its 
burden to pack-oxen in the south and thus provide 
for local trade in millet, salt, dates, tea, sugar and 
cotton goods. In the southern Sahara, the salt trade 
from Idjil to ICiffa or Nioro, and from Taoudeni to 
Timbuktu, barely survives : ‘ Trans-Saharan trade 
was destined to run up against the increasing attrac- 
tion of the seaports, with their inland tentacles of 
railways and tracks’ [24, p. 2911. The end of the 
ghazw, those protracted wars of plunder against rival 
tribes or fertile oases, has also reduced the use of 
camels and saddle-horses considerably. In Tagant, 
a camel was worth twenty milch cows in 1910 but 
is only worth one today. 
The main function of livestock, however, is probably 

as capital and currency (although very sparingly 
used, in the latter case). The herd is the supreme form 
of capital even more than the date palm; the merchant 
who has netted a profit, or the official or labourer 
who has accumulated some savings, gets himself 
a herd. As for the stockbreeder, his aim is to increase 

his capital, and he is only willing to sell occasional 
beasts in order to buy millet, dates and cotton goods, 
or the tea and sugar that make tent life agreeable. 
It can therefore be concluded that stockbreeding 

is still the main form of land use in the Sahara and the 
Sahel alike; but there are differences, as even this 
all too brief study indicates, in the way this land use 
is understood. 

Types of nomadism. The most convenient approach, 
in this context, is to recall the now classic distinction 
made by Professor Capot-Rey between pure and semi- 
nomads : the former, who are perpetually on the move 
with their herds, may engage in seasonal migrations 
along the north-south axis when the regularity of 
rainfall permits. This is the case with the Arbaa, 
of the Saharan foothills, who spend the summer in the 
Tell and the winter (the rainy season) in the Sahara; 
and, following the same pattern, with the Ouled Biri, 
in the Mauritanian Sahel, who spend the dry season 
in the Sahel and the wet season (summer) in the 
Sahara. The pure Saharan nomads are obliged to 
undertake irregular migrations on account of the 
extreme irregularity of the rainfall. 
The author makes a distinction, in this latter group, 

between the nomads of the ergs (who engage in 
nomadism all the time, like the Regueibat Lgouacem, 
or return to the oasis periodically, like the Chaamba), 
the valley nomads, like the Tuareg of the Hoggar, 
and the nomads of the Sahelian and Saharo-Sahelian 
savannas, of whom the Iullemmeden and the Kunta 
of the east are typical. 
The semi-nomads who come back from time to 

time to the lands or palm groves they themselves 
have cultivated are represented by the Doui-Menia, 
who grow grain and own plantations, and the Teda, 
who also own plantations [22; 24, p. 2501. 
This diversity of types is due of course to the 

variety of natural conditions but also to historical 
factors making for social differentiation. There are 
very few nomads who depend solely on their herds 
for a living; even the Regueibat own a few maader 
alongside Seguiet el-Hamra. Unlike their Asian 
counterparts, the Saharo-Sahelian herdsmen are 
more or less attached to agriculture. But whereas 
the true nomads merely have the land tilled by 
their servants and their Haratin, camp beside the 
fields at harvest time in order to pocket their share, 
or stay in the oasis at gatna time in order to feast 
on fresh dates, the semi-nomads are bo th stockbreeders 
and farmers. 
There is no doubt that Lhe suppression of the slave 

trade, followed by the progressive impact of French 
law on this traditional life, is helping to accelerate 
the rate of change. 

The evolution of nomadism. It appears, in fact, that 
an irreversible process of ‘ sedentarization’ has set 
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in since the time of pacification; true nomads are 
becoming semi-nomads, while the latter seem to be 
turning to a sedentary life and entrusting herdsmen 
with the task of moving their livestock to summer 
or winter pastures. 

This phenomenon, common throughout the Sahara, 
is particularly observable in Mauritania. A camel- 
using tribe forced by drought to leave the Sahara 
settles in central MaUriLania, whence it pushes other 
tribes back towards lower Mauriiania; and this 
southerly migration means abandoning camels and 
acquiring oxen, with a resultant reduction in the site 
of the herding area, a new attraction in the form of 
farmlands, and especially the possibility of the 
servants escaping from tribal constraints [15]. But 
it should not be concluded thaL the stage of sedentari- 
zation has finally been reached. The nomadic life 
can stiU be lived to the full, as is evidenced by the 
case of the Regueibat Lgouacem. Only a small tribe 
a century ago, they have developed into a large 
confederation thanks to their demographic health 
and above all to the acquisition of a large body of 
‘followers’ (in 1950, there were 1,3541 ‘followers’ 
tents as against 645 ‘nobles’ tents, representing a total 
of about 15,000 men). Their demographic strength 
and their economic resources (40,000 camels of there- 
abouts) enable ihem to mcct the requirements of full 
nomadism [Z?]. 
But most important of all, hisLory provides many 

examples of temporary sedentarization and a subse- 
quent return to nomadic life, thus proving that 
political and social circumstances can upset the 
postulates of nature. Only two cases need be cited. 
After Tinigui (Adrar), the Tadjakant were compelled, 
at the beginning of this century, to abandon Togba 
in the Hodh, which had been ravaged by the Ulad 
Naser, and revert to a nomadic life, although their 
town had been a big and populous trading centre with 
fine palm groves, and had been the counterpart, 
on ihe borders of the Sudan, of Tindouf, the other 
Djakani town on the southern borders of Morocco. 

The Haiballah (a Kunta people, in the Tagant 
area), who had been settled for LWO centuries at 
Kasr el-Barka, did the same thing when their chief 
town was destroyed on two occasions, in 1890 
and 1898, by the Idouwaich and the Ahel Sidi 
Mahmoud. 
The consequences of pacification, too, are complex : 

on the one hand, security brings with it an increase 
in pastoral land; and on the other, the effect of French 
techniques and laws has been to depress the nomads 
and raise the social status o£ the setlled element. 

MAN AND NATURE 

What accounts for this evolution of nomadism 
seems to be the search for a precarious balance which 

is constantly being destroyed and re-established. 
Technical innovations do not appear to have reduced 
the imbalance to any great extent. It has become 
more than ever necessary, in fact, to devise and apply 
a programme of rational development. 

A PRECARIOUS B A L A N C E  

The reasons for the lack of balance are both climatic 
and social. 
The main threat, of course, is the scarcity of water; 

while the nomad can take steps to cope with a meagre 
or irregular rainfall he is powerless against drought. 
A year without rainfall in the Sahara means that 
an entire tribe will have its herds decimated and will 
either have to disappear or become sedentary. Even 
in the Sahelian area, the prolongation of the dry 
season may cause serious ravages among the livestock, 
especially the younger beasts, On the other hand, 
a series of rainy years brings about an increase in the 
size of the herds such as to produce the risk of over- 
grazing, especially around water points. In that case, 
again, the herdsman is powerless to check the begin- 
nings of erosion; and nature will take it upon itself, 
by means of a new drought, to kill off the livestock 
and thus ‘res tore the balance’. 
Does this succession of balance and imbalance 

necessarily imply a tendency towards irreversible 
desertification? The Saharan climate has remained 
unchanged since the end of Neolithic times, and the 
herds of goats and sheep have been traversing the 
Saharo-steppe expanses for thousands and thousands 
of years. 
Excluding the areas surrounding the ksoun and, 

to some extent, the immediate vicinity of the water 
points, vegetation is holding out against human 
aggression: the alternation of series of wet and dry 
years enables the vegetation cover to reconstitute 
itself, and the pressure of man and his herds is in 
any case neither ubiquitous nor permanent. 
The rigours of nature underline the inadequacies- 

still further heightened by social considerations-of 
the traditional techniques. 

The French peace has put an end to the ruinous 
tribal wars but has not been able to improve relations 
between nomads and sedentary population to the 
required degree. Disregarding their own interests, 
the herdsmen allow their flocks to despoil the grara 
or maader millet ficlds; while the exercise of seignior- 
ial rights and the traditional practice of pillaging, 
in particular, have had an inhibiting effect on the 
development of farming. Valentim Fernandes long 
ago noted Lhat the Azcnègues, living near the Alarves, 
ncver troubled to build up stocks, for their neighbours 
would only come and take them [27, p. 1231. René 
Chudeau [34,, p. 4111 takes the view that the limited 
extension of palm groves in the arrem is duc to the 
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fact that the whole of the date crop is reserved for the 
Tuareg. 
Even now the sedentary population all too often 

suffers from the system of customary dues (horrno 
in Mauritania, tioussé among the Tuareg) and ‘gifts’. 
Finally, the land-tenure system, with its safeguards 
for continued ownership by the nobles while keeping 
those who work the land in the position of share- 
croppers, is also a cause of serious imbalance. 

TECHNOLOGICAL INNOVATIONS 

The administration’s first task was to develop water 
resources. In southern Algeria, and especially in 
Wadi Righ and at Ouargla, the sinking of new artesian 
wells has given fresh impetus to life in the oases. 
In the same way, deep wells have attracted large 
numbers of Peuls to the Ferlo pasturelands which 
had previously been deserted, and have even induced 
them to settle there; while on the high Algerian 
plateaux, in the Awkar of Hodh and in the northern 
part of Trarza, similar deep wells are extending the 
areas where nomads can roam. 
In the floodwater cultivation areas, technicians 

have replaced the unstable traditional embankments 
by concrete dykes equipped with draining outlets 
and overfalls, Lastly, to offset the exodus of servants, 
an attempt Kas been made to introduce machines for 
the use of the ksour folk, and motor pumps are now 
coming into service throughout the Mauritanian 
oases. 
But it has to be recognized that the set objectives 

have not been achieved despite the substantial results 
obtained through the introduction of machine tech- 
niques : ‘ Let us not be too hasty in awarding ourselves 

good marks for having sunk a well here, or built a 
d a m  there; what is the point of these high flow 
figures when the indigenous peoples are left to carry 
on with their obsolete walering methods and nothing 
is done to teach them other techniques which avoid 
making the soil saline or leaching it?’ [24,, p. 4~33.1 
N e w  techniques (introduction of new plant species 

to restore pastureland, possibility of malûng fodder 
in silos in the Sahelian zone, or ley rotation in the 
Saharan zone) can only be brought to bear as part 
of a general development plan. 

NECESSITY POR RATIONAL D E V E L O P M E N T  

The fact is, however, that all innovations entail 
on the one hand climatological, soil and botanical 
research, and on the other legal and sociological 
research. They have no hope of success unless they 
are preceded by tests and experiments in the field. 
From this point of view, the experiment with protected 
plots, for example, which IFAN has undertaken at 
Atar under Unesco’s auspices, should prove highly 
instructive. 
In conclusion, a development programme is worth 

the name only if it is accepted by those for whom 
it is designed; it can only be implemented provided 
they co-operate; and traditional society will need 
to be educated before it is able to see the point of the 
changes pr0posed.l 

1. Pnstornl life has long been a serious obstacle to school education. While 
the establishment and spread of nomad schools seems to be reducing the 
proportions of that obstacle to a marked degree, much remains to be done 
as far a8 school textbooks are concerned. Mutatis mutandis, the draft of a 
teaching manual on the conservation of natural resources, prepared by 
R. Bnllcydier for thc International Union for the Conservation of Nature 
and Natural Resources and the Arab States Fundamental Education 
Centre (Unesco), would be weii worth adapting for use in the Saharan 
regions. 
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EARLY STAGES 

Hu m a n  occupation of the Western Hemisphere is 
comparatively recent, but much older than was 
accepted a few decades ago. The spread of m a n  over 
North America during the last (Wisconsin) glaciation 
is well attested, and the terminal Pleistocene age for 
remains found in southern South America is, likewise, 
beyond question. The gradient of the known carbon-14, 
dates and other considerations support the generally 
held view of an early drift migration from north to 
south, through the Central American funnel and along 
the Andes, fanning out into the Argentinian grasslands 
and Brazilian parklands, although well substantiated 
findings of corresponding antiquity have not been 
made in the intervening area so far, no doubt through 
want of systematic search. It is generally assumed 
that the early Americans avoided the jungle regions, 
which would have been penetrated by man only with 
the development of adaptative technologies. 
The presence of man in America during the last 

glacial epoch, and in terms of absolute chronology 
since 12,000 years ago, is proven geologically and 
palaeontologically on the basis of numerous findings 
and dated by sufficient carbon-14 tests. On the basis 
of unquestionable archaeological evidence, some North 
American hunting cultures are certainly earlier than 
that date and an antiquity even greater is not impro- 
bable for some of the oldest known South American 
hunters, whose traces have been found in recent years 
in the Argentinian grasslands. 
Furthermore, a few carbon-14 tests would make 

the minimal antiquily of m a n  in this continent consi- 
derably older : possibly 37,000 years ago [91, p. 5811 
for fires burnt in basin-shaped hearths near Lewisville, 
Texas, with bones of the American camel and 
horse, mammoth, and bison of an extinct species, 
and tools; a similar assemblage of camp remains, 
albeit with different artifacts, yielded an antiquity 
‘older than 23,800’ for a site, Tule Springs, near 

. . . ‘ natural resources ’ are in fact cultural 
appraisals. SAVER 

Las Vegas, Nevada. Whilst there are good reasons 
to view such very old datings with caution until 
corroborated by additional evidence, a mínimum date 
of 25,000 years before current times for the first entry 
of man to the New World seems quite likely on various 
considerations. 
The presence of man in the extreme southern part 

of the continent for at least 9,000 years is dated by 
the carbon-14, test for the surface of the layer contain- 
ing the oldest remains of occupaLion in the Palli 
Aike cave, in Lhe region of the Strait of Magellan. 
These remains, and others found in the same area, 
reveal a culture of hunters of the American horse, 
ground sloth, and guanaco. On the basis of typological 
correlations and geological dating eslimates, the 
antiquity of the earliest traces-lithic industries-of 
man southward in Patagonia seems to be even greater. 
There is no doubt that the first people to move into 

the N e w  World through the Bering gateway were in 
the predatory-foraging stage of economy-as were, 
by the way, their followers of later times-and w e  m a y  
add, on the basis of what is known of the prehistory 
of north-eastern Asia, that they possessed the know- 
ledge of generalized Old World Palaeolitbic techno- 
logies for the exploitation of land resources, rather 
than specialized equipment E201 (but see also Tolstoy 
[79]). The diverse palaeo-Indian cultural traditions 
whose profiles were becoming quite distinct-certainly 
so in North America, and probably so in South America 
as well-even before 10,000 B.C., appear to represent 
indigenous developments out of that ancestral gene- 
ralized background. 
In North America, an antiquity of well over 

11,000 years (later in the east) is indicated for the 
origins of the big-game hunting tradition, which 
extended mainly east of the Rocky Mountains, to the 
Atlantic seaboard and from Canada to central Mexico, 
at least. Also, in the south-west of the preseiit United 

1. The figures in brnekets refer to the bibliography nt the end of the chapter. 
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States and in the intermontane area, a few findings 
seem to indicate that big-game hunting might have 
been important there before the desiccation of Lhe 
area. In the plains and the south-west, proboscidians, 
camel, and horse, were at first normal prey; later, they 
might have become scarce, for the economy of the 
Folsom hunters (at about 8000 B.C.) seems to have 
depended mostly on the pursuit of Bison untiquus. 
In the Atlantic region, mammoth and the other 
species mentioned were apparenlly rare, instead 
elk, deer, and bear were hunted. In ceniral Mexico, 
the early hunters chased Archidiskodon inzperutor, 
roaming in large numbers by the shores of the lakes 
in about 9000 B.C. In the rest of North America 
the Columbian mammoth (Parelephas columbi) was 
more common. 
A different tradition, which includes a large variety 

of cultures, is noticeable before 8000 B.C. in the 
Plateau-Great Basin area, and becomes more defined 
from 6000 B.C. onward. Its distribution reaches 
from the eastern foothills of the Rockies to the Pacific 
coast and from Oregon to Mexico. The common charac- 
terization of this pattern is very generalized, and best 
seen in contrast to the concentration on big-game 
hunting formerly described. This occidental tradition 
was based on diversified food-gathering, adaptable 
to the maximal utilization of available resources, 
plant as well as animal. Ecological adaptations to a 
great diversity of environments produced a variety 
of economies, including adjustments to arid country? 
and to riverine, lacustrine, and littoral habitats. 
The oriental Archaic tradition, similar in its 

approach to the nalural resources, tending to broad 
diversification dependent upon local conditions, was 
also developing east of the plains, ~owards the Atlanzic 
shores, during the 8000-6000 B.C. period, succeeding 
there the early hunting pattern. 

During the period of Altithermal climate, the 
Great Plains became a zone of extreme aridity, 
indicated by the formation of loess deposits in Nebraska 
between 5500 and 2000 B.C. Much of the area might 
have been deserted and other parts very sparsely 
populated, for archaeological evidence of occupation 
is lacking or rather obscure. With the subsequent 
improvement of ecological conditions, when the 
modern type of climate became prevalent, camp 
remains indicate a re-orientation of the economy 
towards greater exploitation of plant resources and 
small game-reflecting, probably, a comparative 
scarcity of bison-although big-game hunting was 
always an important part of the subsistence basis, 
and a dominant one in some localities or al: some 
periods [81, p. 851. 
In central Mexico, the food-gathering culture 

upon which plant-domestication could have developed, 
is believed to be represented by Lhe still ill-defined 
Chalco industry. A carbon-14 date places this complex 
of lithic tools at about 4500 B.C.; its beginnings, 

however, must be considerably older. In fact, at that 
comparalively late date indirect evidence-that 
will be reviewed in Lhe next section-suggests that 
experiments in cultivation and the production of 
cultigens had already begun in highland Mexico and 
Guatemala. If so, the Chalco culture economy must 
have combined incipieni. farming and food-gathering. 
In South America, the parallel cultural developments 

of early post-Pleistocene times are still little known. 
Nevertheless, a mixed hunling-food-gathering patiern 
seems to be represented by the Ayampitin culture. 
Its vesLiges were first found in the sierras of Córdoba 
and San Luis, in north central Argentina; lately, it 
has been reported from the north-west of that country 
and around San Pedro de Atacama, in northern Chile. 
A putative date around 6000 B.C. is currently attri- 
buted to that culture. 

M a n  has had a long time to adapt himself culturally 
to varied and changing environments, and to modify 
by his actions the American landscapes. However, 
although the activities of pre-agricultural human 
groups, living by hunting and food-gathering, may 
affect natural resources,2 the adaptation of primitive 
populations to life on arid and semi-arid lands, which 
is our concern here, seems to be rather narrowly 
ecologically conditioned, specially in the case of 
pre-Columbian America, where the pastoral way 
of life never developed as such, for the distribution 
of tamed grazing animals was limited to the Andean 
area and was there subordinated to intensive agri- 
cul ture. 
It was with the growth of cultivation and the im- 

provement of agricultural techniques that the American 
Indians became capable of mastering many of the 
arid and semi-arid zones of the contineni, and in 
two independent cases to build, upon the foundations 
of intensive agriculture, civilizations comparable to 
those of the pre-Classic Old World : Mesopotamia, 
Egypt, the Indus, and north China. 

DEVELOPMENT OF CULTIVATION 

The appearance of cultivation and particularly its 
logical, but not immediate, consequence, the achieve- 
ment of established agriculture, signalled a profound 
change in the relationship of man to land. The conver- 

1. Increasingly arid conditions, resulting in the desiccation of lakes, and stream 
and wind erosion, etc., boeame prevalent in the Great Basin, thesouth-west, 
and southern Cnlifornia about 5000 n.c. (Xerothermic or Altithermal phase, 
lasting in force to about 2000 B.C., when climatc become somewhat cooler 
and moister, comparable to the present time); hence the generic name of 
‘Desert Culture’, which is nowndays preferred for the tradition. IIowever, 
since the extension of the pnttern trespasses the limits of tho arid zone, 
bomc less committing designation might be advisable. On the definition 
nnd extenrion of the ‘ Desert Culture’ 9cc [38, p. 69-72; 41, p. 276-280; 611. 
For the latter-day survival of the desert food-gathering cconomy of the 
Great Basin, see Steward’s [76] cluqnic ecologieul study. 

2. Namely, mun’s possible contribution to the extinction of large, roving, slow- 
breeding animals. Also, I think of the often debated qucstion of the effects of 
fire on the extension of grass-lands: for some recent statements pro and con 
and supporting bibliographies on this subject, see 171, p. 12-18; 72,p. 54-56; 
77, passim, specially p. 129; 821. 
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sion of man from a parasite on nature to an active 
partner with it, as the late Gordon Childe so well 
expressed,l affected all aspects of human life; it was 
a cultural revolution by which mankind was able to 
progress beyond ihc ecological limitations set by 
nature to the foraging primitive man, establishing 
the foundations for the eventual development of 
civilisation. What is known at present on American 
prehistory, and the fact thaL the basic food plants 
of native agriculLurc were, beyond reasonable doubt, 
developed in this continent out of indigenous wild 
plants, plus the proven antiquity of some of them 
(I a m  thinking specifically of the most recent data 
on the origin of maize, see below), makes it highly 
probable that the American Indian agricultural tradi- 
tion was the result of an independent development, 
analogous in its basis, effects, and consequences, 
to the Neolithic revolution of the Old World. 
The question of the origins of agriculture requires 

a multiple attack : geographic, botanic, and archaeo- 
logic. The eLhnologiczl approach must be taken into 
consideration too, but it has proved repeatedly 
misleading and therefore should be used only with the 
greatest caulion. 
On geographical and botanical bases, two main 

sones of probable origin of the most significant N e w  
World cultigens are generally recognized, the Middle 
American region (mainly Mexico-Guatemala) to the 
north, and the Andean to the south [71, chapters III 
and IV; 25, p. 1151. The first is believed to be the 
focus of the seed cullure, the second that of vegetative 
culture. Only a few American cultigens seem to have 
originated outside of these areas. 
Archaeological evidence on the beginnings of native 

cultivation is still very scanty; the interest of the 
archaeologists on Lhis subject has been aroused only 
recently. Difficulties for such studies are many, variable 
chances of preservation of plant remains and the 
hazards of localization of incipient farmers' dwelling 
places complicate the problem. However, it is to the 
credit of a few of my colleagues that notwithsLanding 
these difficulties some significant, although as yet 
very fragmentary, data have been obtained through 
painsiaking spade work. 
Several campaigns conducted by MacNeish in the 

State of Tamaulipas, north-eastern Mexico, since 
1945 have resulted in the discovery of a long sequence 
of human occupation in that region. The oldest vestiges 
found correspond to the stage oî early American 
hunters of Late Pleistocene times; the earliest tool 
assemblage uncovered to date is still ill-defined, 
but the youngest one is well characterized and asso- 
ciated with indications of a climatic phase very wet 
and perhaps cooler than at present, correlated with 
the final phases-Valders advance and Cochrane- 
of the last North American glaciation [52, p. 1521, 
and dated, by a single carbon-14 test, in the eighth 
millennium B.C. (M-499 : 9270 & 500 B.P.) [24, 

p. 11031 which agrees with the geological and faunal 
evidence. 
From the trash (including human coprolites, the 

detailed examination of which is s Li11 yielding remark- 
able information) found in many once inhabited 
caves explored by MacNeish and his associates in 
south central and south-western Tamaulipas, vegetal 
remains (both wild and cultivated plants) were recover- 
ed that throw revealing sidelights on the questions 
of origins of agriculture in the Western Hemisphere 
-especially as that region is generally accepted by 
the botanists as marginal with respect to the reputed 
centres of origin of the main American cultigens. 
The earliest evidence of cultivated plants was 

found in the 19541955 field season at the Infiernillo 
Canyon, in the rugged country of the abutments of the 
Eastern Sierra Madre, in the south-western section 
of the state. The oldest. known occupants of that 
tract (' Infiernillo Phase') were nomadic food-gatherers 
who depended also for their food on hunting; in 
addition, cultivated Lagenaria, Cucurbita pepo, peppers 
and some sort of runner bean, perhaps, wild, were 
found in the lowest sirata of refuse. Two carbon-14 
dates place these remains in the seventh millennium 
(M-498 and M-500, [24]). 
In the following Ocampo Phase the importance of 

hunting as a supplement to vegetal food diminished. 
The diet depended mostly on wild plants, but to the 
cultivated species listed above common beans were 
added. Direct carbon-14, dates for Ocampo material 
range from 3700 to 2600 B.C., and cross-dating with 
the Sierra de Tamaulipas sequence of artifacts (see 
below) support the placing of this phase in the third 
and fourth millennia. 

Panicum, Amaranthus, and a primitive type of 
maize related to thaL of Bat Cave (see below) increased 
the number of cultivated plants before 2000 B.C. 
(Flacco Phase, one carbon-14 date 3947 2 334 B.P.), 
but these people were still primarily gatherers of 
wild plants, with very little hunting and snaring as 
supplementary economic activities. However, during 
the succeeding Guerra Phase2 cotton and perhaps 
C. moschata were íntrodu~ed,~ and very soon, at 
about the middle of the second millennium, agri- 
culture with a number of varieties of maize, teocentli 
(= teosinte, Euchlaena mexicana, probably as a 
weed, cf. Dressler [25, p. 150]), common, lima and 
runner beans, C. pepo and C. moschata, gourds, and 
cotton, became established as the basis of the local 
economy with the ensuing Mesa del Guaje Phase, 
at the same time that pottery appears for the first 
time in that archaeological sequence. 

1. In his classic What Happened in History (chapter III: 'Neolithic barbarism'). 
2. Oddly dated b y  a singlc radiocarbon test over 2750 B.C., to be adjusted 

perhaps to about 1900-1600 B.C. (cf. Crane and Griffin 124, p. 1104.J dating of 
samples M-504 with M-567, and comments on M-505: also MacNeish 152, 
p. 1991.). 

3. While, perhaps signiûcantly, neither Panicum nor Amaranilus are mention- 
ed in the published summary [5Z, p. 1681; improved maize m a y  have 
rcplaccd them [see 71, p. 721. 
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In the Sierra de Tamaulipas, a detached mountain 
range rising above the Gulf of Mexico coastal plain 
in the south central section of the State, the Nogales 
culture, still based upon a foraging economy, succeeded 
-with an apparent time gap which would correspond 
to the Infiernillo Canyon earliest phase-the Lerma 
primarily hunting culture mentioned above; however, 
it was wild plant life which constituted most of the 
Nogales people’s food-supply, hunting being only a 
supplementary economic activity. It seems that there 
is no concrete evidence for cultivation during this 
phase, albeit-because of the continuity of cultural 
development with the following one and by parallelism 
with early Ocampo-MacNeish thinks that cultivated 
plants may have contributed a very small proportion 
of the people’s diet in the last part of the period. 
The ensuing L a  Perra Phase, seemingly cross-dating 

with late Ocampo of the Sierra Madre sequence, 
certainly represent‘s a stage of incipient farming, with 
maize and C. pepo constituting maybe from 5 to 10 
per cent of the food consumption, the remainder 
being supplied by wild plants (about 80 per cent) and 
the products of hunting and insect catching. The corn 
remains found belong to two now extinct varieties, 
classed by Dr. Mangelsdorf of the Botanical Museum of 
Harvard University as Primitive Nal-tel A and B 
types; these are pod-pop corn, with two-inch long 
eight-row cobs having each kernel of every row sur- 
rounded by pod-like leaves, and seem to be ancestral 
to lowland adapted Middle American maize of later 
times. A radiocarbon test dates L a  Perra Phase at 
about 2500 B.C. 
The Almagre late sub-division of the La Perra 

Phase, may have lasted well into the second millen- 
nium. A blank follows in our knowledge of this 
sequence after which, the Laguna Phase, dated by 
correlation with the Huastec area to the south at 
about the middle of the first millennium B.C. [52, 
p. 172 and p. 1981, represents a tradition of fully 
established agriculture, evidently introduced to this 
region from the south. Not only in the Sierra proper 
but aIso on the level land south and west of these 
mountains, villages of 200-400 circular huts and with 
ceremonial mounds arranged around plazas, reveal 
the new social pattern-which is known to be much 
older in central and southern Mexico and in Guatemala. 
Three new races of maize, C. ficifolia, and Manihot 
dulcis, appear for the first time in that area. The 
races of maize are ‘modern’ types showing evidence of 
Euchlaena introgression; they must have been deve- 
loped outside the area and introduced to the Sierra 
with other innovations such as p0ttery.l M. dulcis, 
a cultigen of generally undoubted South American 
origin, appears here for the first recorded time reaching 
the northern limit of its pre-Columbian distribution 
(cf. [70, p. 508; 71, p. 621). 
In spite of the fact that there are still some blanks, 

uncertainties, and incongruities to be smoothed out 

in these sequences, together they constitute the most 
deLailcd case history to provide a firm foundation 
upon which to build the siudy of the origins of naiive 
American agriculture. 
Evidence from caves in wesL central New Mexico 

indicales that the period from perhaps the fourth 
millennium to a few centuries before the beginning 
of the Christian era was one of slow shift from the 
food-gathering economy of the Cocbise ‘desert’ 
culture to a sedentary way of life based on cultivation. 
Primitive maize and C. pepo were added to Lhe suh- 
sistence basis by at least 2000 B. C.,^ as an innovation 
derived seemingly from Mexico, and around 1000 B.C. 
‘ modern’ races of maize-hybridized with Tripsacum 
or Euchluena-and the common bean appear. Esta- 
blished agriculture, however, did not replace the 
ancient food-gathering pattern until about 300 B.C., 
coinciding with I the appearance of pottery [Sa, 

It is generally accepted that the introduction of 
cultivation in Tamaulipas and N e w  Mexico indicates 
an even greater antiquity of its practice in the high- 
lands of central and southern Mexico and Guatemala. 
The botanists agree that the last mentioned regions 
are the hearth where many of the most important 
American cultigens were developed. Of the plants 
mentioned in the previous paragraphs, the origins 
of Phaseolus vulgaris, P. lunatus, and P. coccineus 
(or multì$orzcs), and C. moschata, seem to be certainly 
traced to that area. Two species of Amaranthus, 
A. leucocarpus and A. cruentus, are tentatively 
assigned to central Mexico and the Guatemalan 
highlands respectively [ZS, p. 1531. The case for 
C. pepo is dubious; it is dominant in the cool highlands 
of Mexico, where it is a staple food, but it is more 
diversified in the eastern United States [71, p. 671. 
Considering its very early occurrence in Tamaulipas, 
it seems that the possibility of an origin to the north has 
to be discarded, since, on the basis of our present 
knowledge, cultivation began much later there; the 
archaeological evidence, then, adds weight to Dressler’s 
statement [25, p. 1311 that the endemic forms found in 
Mexico and Central America should be considered 
with regard to the origin of this cultigen. 
The case for Zea mays is now seen in a new light. 

The discovery of pollen, apparently of maize, at great 
depths in the subsoil of Mexico City, would indicate 
that a wild ancestor of Lhe cultivated species grew 
in the highlands of Mexico (and probably Guatemala 

p. 74-78]. 

1. The preceding summary is based on MacNeish [49, 50, 51, 521. 
2. Incipient cultivation of these plants is represented by remains found at the 

Bat and Tularosa caves. 
At Bat Cave, the succession of corn samples starts with the tiny ears of a 

very primitive pod-pop type of maize. Mangelsdorf [53,.p. 4091 says ‘although 
this earliest Bat Cavo maize m a y  have been cultivated, it was not far removed 
in its botanical characteristies Srom wild maize’. The hybrid corn mentioned 
in the text appeared in upper levels of the excavation. There is a series of 
carbon-I4 dates ‘presumnhly correlated with the develcpment of maize 
culturc’ [47, p. ill], beginning c.4000 B.C. However, the validity of the 
oldest dates is not yet generally accepted. The specialists in the area do 
not commit thcmselver: more than to mention tho minimum age of 2000 B.C., 
or Ienvc it vnguely between 4000 and 2000 D.C. 
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too) at the time when man might have begun experi- 
ments in cultivation [25, p. 150-152; 4*]. This, and 
the late advent of the cultigen to the Peruvian coast 
(see below), which leads us to discard the hypothesis 
of a South American origin, make highly probable 
its domestication within the Middle American nucleus. 
The mixed food-gatheringlincipient-farming eco- 

nomics have not yet been identified with certainty 
in the hearth of seed culture (but see my remark above, 
on the Chalco food-gathering pattern). Dated remains 
from central Mexico to Guatemala indicate a minimum 
antiquity for sedentary farming communities between 
1500 and 2000 B.C.; circumstantial evidence points to 
the third millennium for the beginnings of established 
agriculture, as distinct from incipient cultivation. 
Along the arid Peruvian coast a good number of 

middens, some of them attesting by the accumulation 
of refuse to a prolonged period of abode, reveal an 
occupation by a people with a mixed economy based 
on fishing, gathering (shell-fish and wild plants) 
and an incipient cultivation (probably in moist areas 
at the valley mouths, [see 22, p. 191 ; marine mammals 
formed an appreciable complement of the subsistence 
basis, but there is no evidence of hunting land animals 
in the northern sites [il, p. 24; 78, p. 411 and only a 
little elsewhere [26, p. 134~l. In area, their presently 
known range extends from the neighbourhood of 
Pacasmayo (latitude S. 7’20’) to past the Ocoña 
River (latitude S. 16’30’) [8, p. 118; 26, p. 73-85]; 
in time, from about 2500 B.C. (based on carbon-14 
dating) to the latter centuries of the second millennium 
when, after the introduction of maize? archaeological 
evidence from the only well-studied oasis, the Virú 
Valley,2 indicates a revolutionary change in food 
production, a shift of population away from the old 
fishing stations into sections of the lower valley 
more favourable for established agriculture (probably 
based on river floodplain farming) and an increase 
in numbers-a trend gaining momentum in the early 
centuries of the first millennium B.C. [86, passim, 
especially p. 3901. 
The record of cultivated and possibly cultivated 

or semi-cultivated plants during this period at Huaca 
Prieta, on the Chicama Valley shore line, includes : 
cotton, gourd, squash: chile pepper, jackbean (Cana- 
valia ensiformis), two varieties of pacae or guaba 
(baga sp.), achira (Canna edulis). Truly wild eaten 
tubers, roots, and fruits were : ‘papas de junco’ 
(Scirpus riparius or americanus) cat-tail, a sedge 
(Cyperus sp.), lúcuma (Lucuma obovata), ‘ ciruela 
de fraile’ (Bunchosia sp.), and guayaba (Psidium 
guajaba). A few of the plants found are not identified 
for certain but maize remains were conspicuously 
absent from this assemblage [il, p. 241. 

While the techniques of cultivation-that allowed 
the pre-ceramic pattern of mixed subsistence economy 
to develop-must have come from Lhe north [cf. 71, 
p. 4541, from north-western South America and 

beyond, Engel makes an interesting suggestion to 
place the ancestral home of these coastal people on 
the ‘lomas’ ecological zone, between Chala and Arica 
[26, p. 1421. 
A striking conclusion stands out of the available 

factual information on the remote prehistory of 
native American agriculture, Lhat the period of 
experimentation might have been a long one, with 
mixed food-gatheringlincipient-farming subsisience 
economies persisting long after plant domestication 
began. A truly sedentary way of life based on farming, 
was only achieved when the development and diffusion 
of high-yield varieties of maize induced m a n  to devote 
himself full-time to the pursuit of cultivation [12, 
p. 211. 

THE GREAT PLAINS 

In the north-western Great Plains of North America, 
the hunting-gathering pattern mentioned in the intro- 
duction persisted, without important modifications 
of the ecological balance, until it was altered by the 
introduction of the Old World horse and the deve- 
lopment of the highly mobile methods for equestrian 
hunting and warring (eighleenth century). 
In the central plains and on the middle Missouri 

River basin, horticulture (the maize-beans-squash 
complex) was added to the hunting-gathering basis 
since about A.D. 500, as an intromission of the eastern 
‘woodland’ agricultural pattern into the western 
fringes of the prairie zone. A shift of the agricultural 
frontier eastwards to the ninety-ninth meridian, 
evidenced by archaeology for late prehistoric times, 
might as well be due to climatic fluctuations as to other 
undetermined factors [81, p. 891 (see also [80]). 
However, it was the spreading of the mounted nomadic 
bison-hunting pattern, militarily oriented, that most 
profoundly affected land use in this region. The horti- 
cultural village communities dwindled in number, 

1. The beginnings of maize cultivation on the north coast date from no later 
than 1200 B.C., on the basis of its association with Chavín horizon style 
ceramics [87, p. 3551; plnin pottery appears first in the archaeological 
sequence in the former h d f  of the second millennium, but corn is nlso to be 
found in deposits of this age. On the central coast maize might slightly 
antecede the appearance of ceramics (at Aspcro, near Supe [see 88, p. 151; 
26, p. 781) or appear together with undecorated pottery (at Chira-Villa, 
near Lima [see 26, p. 801); nlthough neither its inception nor that of plnin 
earthcnware hnvc been precisely dated there, sequential evidence makes 
the earliest mnize anterior to the spread of the Chavín style. W h a t  is signi- 
ficant, however, is not just the introduction of the new plant but the conver- 
sion of the economy to established agriculture, allowed by its high yield; 
this momentous change definitely corresponds with the horizon of the 
Chavín ceramics (1200 to 700 B.C. according to carbon-14 dates). 

T o  judge from Engel’s list of cultivated plants in ‘pre-ceramic’ times 
[26, p.. 1451 it seems that the common bean (Pliascolus uuIgaris) m a y  have 
becn introduced at the same time as maizc, nlthough Collier 122, p. 231 
places it later in the sequence. 

2. Although our present knowledge is vrry sketchy, for want of exhaustive 
methodical studies such as those made in VirU Valley, it is manifest that 
similar changes took place at the same time elsewhere dong the Perun’an 
Coast. 

3. For the pre-ceramic period Engel [26, p. 1451 lists : Cucurbita ficifolia and 
C. moschata; C. maxima appearing with the oldest pottery and maize, 
C. pepo tardily (see also Sauer [70, p. 5041; Dressler [25, p. 1301). 

Remaina of C. ficifalia have been uncovered in good quantity at Hunca 
Prieta, to judge from a remark by Sauer [71, p. 661, quoting Whitnker and 
Bird in Amer. Museum Nouitafcs, No. 1426, a paper not nvnilable to m e  
at the time of writing. 
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and the seitlements were fortified. In the late 
eighteenth century, tribe after tribe were joining 
in the mounted carrousel. 
After the horse, firearms (and indiscriminate 

buffalo hunting, ending with the almost complete 
extinction of the species), open range cattle-raising, 
barbed wire and the plough, the prairie schooner and 
the iron horse-with the white man behind all that- 
in rapid succession changed the face of this landscape 
in the course of the nineteenth century, as described 
by Professor Logan in a later charier. 

THE COLORADO PLATEAU 

The Anasazi (Basketmakers and prehistoric Pueblo) 
Indians lived in the Colorado Plateau physiographic 
province, and extended east into the Rio Grande 
Valley, as their contemporary descendants (the 
Hopi, Zuni, and Rio Grande Indians) still do. 
The climate of that area ranges from arid (with 

less than 250 mm. of mean annual precipitation and 
mean annual temperatures above 11' C.) below 
1,800 m., to semi-arid between 1,800 m. and 2,200 m. 
(precipitation between 250 mm. and 450 mm., tempe- 
ratures averaging between 1l0 C. and 7" C), and 
humid and cool at higher elevations. The vegetation 
changes with the altitude, from desert scrub in the 
lower climatic zone, to sage-brush, grass, and juniper 
and pinyon trees in the intermediate elevations, 
and LO pine and Douglas fir, or spruce in the highest 
mountains. 
Below about 2,100 m. rainfall is generally too scanty 

to mature crops, and in the moist zone at high altitudes 
the growing season is too short;l crops are grown 
most successfully in climates between the extremes 
[14, p. 445; 31, p. 81. 
The climate does not seem to have changed mate- 

rially during the period which concerns us here (see 
Brew [13, p. 51, for archaeological evidence), although 
occasional spells of prolonged drought, recorded 
by the tree-rings, have worsened temporarily the 
normally precarious situation throughout the semi-ad 
country. 
In one period however the devastating effects of 

recurrent droughts seem to have produced lasting 
results. The succession of consecutive dry years 
which occurred over the plateau area from A.D. 1276 
to 1299-and has been recorded, too, in the Rio 
Grande Valley, with dates 1269-1296-appears to have 
been merely the climax of a long period of defective 
precipiiation. This abnormally prolonged dry period 
has been correlated with an epicycle of erosion, attested 
in diverse localities within the Anasazi country. 
Stream cutting would have been particularly destrue- 
tive to the narrow flood plains of the San Juan drainage, 
thus destroying the ground basis of Anasazi agriculture 
and forcing the deserLion of the settlements in that 

area [is]. Whatever the causes inay be, the abandon- 
ment of the hearth of the Pueblo territory at the end of 
the thirteenth century is an archaeologically proven 
fact. Henceforth, the Pueblo Indians concentrated 
south and south-eastwards, in zones where different 
physiographic features made the farmland less destruc- 
tible by gullying. 
The erosion hypothesis has been coniested by 

O'Bryan [60], who prefers to explain the desertion of 
the San Juan area as resulting from the harassment 
exerted by marauding Athapaskan invaders ; however, 
there is little archaeological evidence of widespread 
violence by nomadic bands against the sedentary 
people. 
The compounded effect of prolonged drought and 

loss of farmland through erosion, as the primary 
causes, raiding by the nomads (Ute or Navajo) on the 
outlying settlements, pillaging of crops, and so forth, 
as a force contributing to aggravate the unresi, and 
intervillage rivalry, intravillage feuding, and perhaps 
malnutrition and disease, as secondary or derivative 
factors, is the explanation favoured by Brew [13, p. 2981 
and Kelley [39, p. 3841, and the one that the present 
writer, being an outsider, finds intellectually more 
satisfactory. 
The hearth of the Anasazi tradition lies in ihe San 

Juan River drainage, in north-eastern Arizona, south- 
eastern Utah, south-wesiern Colorado, and north- 
western New Mexico. There is no evidence of agricul- 
ture in thai area until the beginnings of the Christian 
era (Basketmaker II phase), at first with maize and 
Cucurbita moschata, to which Phaseolus vulgaris 
were added in Basketmaker III times (c. A.D. 400-700), 
while P. lunatus and P. acutifolius var, latifolius 
seem to have entered still later [16, p. 66 and p. 721; 
on archaeological evidence for beans in some sites 
of the San Juan area see Appendix C, by Volney 
H. Jones, in [13]. Although cotton was traded 
into the Anasazi country already in Pueblo I times 
(700-900), cotton growing seems to have begun in the 
north central Arizona section of the territory by about 
1000, and spread from there to other parts in late 
Pueblo II and III phases [16, p. 80; 38, p. 761. 
Cucurbita pepo was introduced to thai area at about 
the same date, and also spread from there over the 
Pueblo country [16, p. 201. 
With regard to farming systems, we shall turn 

to ethnographical information supplemenied, when 
possible, by archaeological evidence, to see them in 
historical perspective. 
In the zones of higher rainfall ordinary rain farming 

is practised, although contingent to the killing frosts, 
owing to the short growing season. Hack [31, p. 341 
mentions dry farms in the zone of yellow-pine of 
the Defiance Plateau of norih-eastern Arizona, 

1. In present day Hopi country, the average length of the growing season is 
aùout 130 days, the bulk of tùc Hopi crops need over 120 days for maturation 
[Ji. p. 20; IU, p. 1011. 
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where the mean annual precipitation is over 4120 mm. 
On the mesa tops north of the San Juan River, in 
south-eastern Utah and south-western Colorado, 
planting depends mostly on the residual moisture 
left in the ground from the fall rains and the winter 
snows, since the spring rains are very slight and June 
is the dryes1 month of the year; the crops are brought 
to maturity by the July and August thundershowers 
[13, p. il]. Brew considers probable that cultivation 
on the mesas mighi. have been in the past dry farming, 
as it is today (but see Logan, page 277). 
A remarkably specialized form of rain farming, 

taking advanlage of local conditions prevalenl in the 
Hopi country, is planling in sand dunes [36, p. 434; 
23, p. 588; 31, p. 321. This method ulilizes the moisture 
stored in the dunes; the superficial sand acts as a 
dry mulch which facilitates the absorption of rain- 
water and prevenls its evaporation. A shallow cover 
of sand (15-16 cm. deep) resting upon less pervious 
subsoil seems preferred for dune fields ; however, 
planting in thick dunes-perhaps more than 3 m . i s  
also pracLised, the growth of the young plants during 
the dry spring probably depending on a sub-super- 
ficial moisture horizon. Maize and beans arc grown 
in these fields, the latter being the most important 
as a sand-dune crop; an adapted variety of drought- 
resistant maize is planted widely spaced (about 
1.80 m. apart) at a depth of 1545 cm., allowing the 
seed to germinate in moist soil during the dry spring, 
protected from the late frosts [36, p. 437; 23, p. 588; 
31, p. 191. 
In some places seepage contributes to supply 

moisture. Sand-dune fields situated against the 
escarpments of the mesas utilize the water seeping 
from the porous sandstone cap rocks [31, p. 34; 
p. 32, fields watered by underground seepage]. 
Seeps in dune hollows are also utilized to farm on 
a small scale. 
In order to protect the young plants from being 

damaged by blowing sand or swept away by the 
violent winds, large stones-or tin cans, nowadays- 
are placed close to each one of them, this being done 
in the less exposed fields. In places open to the prevail- 
ing winds, bush windbreaks, placed in parallel lines 
and held by rows of heavy stones, are built at 2-5 m. 
intervals. However, this protection for the plank 
does not suffice to anchor the dunes, and the fields 
have to move with the shifhg sands. The moving 
field caused the failure of attempts to assign all0tment.s 
of land individually to the Indians, the native land 
division being by clans. 
Ancient sand dune fields are identified by the stone 

lines left after the windbreaks are gone. One of them, 
in the Jeddito Valley, seems to date from the thirteenth 
century (Pueblo III phase) [31, p. xx and p. 701. 
Archaeological evidence for sLill greater antiquity 
of the practice derives from the eruption of Sunset 
Crater, on the eastern slopes of the San Francisco 

Peaks, in north central Arizona. The eruption of this 
volcano is certainly earlier, but not much older, 
than A.D. 875 [23, p. 584rl; it covered a large area 
between the peaks and the small Colorado River with 
a mantle of basaltic cinder. The black ashes overlay 
Basketmaker III and Pueblo I sites, or very early 
Pueblo IL Colton plausibly relates to the practice 
of sand-dune agriculture the attested great increase 
of settlements in Pueblo II and Pueblo III times. 
Towards the year 1000, population seems to have 
been flowing into the area of the black dunes, by 
1200 most of the people had departed, and after 1300 
the country was deserted. The cinder blanket covering 
the region would, at first, have made an ideal place 
for the pursuit of sand-dune agriculture, but gradually 
the prevailing westerly winds may have removed 
the fine sand cover, piling it into dunes too deep for 
successful planting, and drifting sand into canyons 
where much of it was washed away; thus, in the 
short term of two or three centuries the country 
may have lost its attraction for sand-dune farmers. 
There too, lines of stones indicate the practice of 
setting up windbreaks [23, p. 5891, older, apparently, 
that those of Jeddito Valley. 
The dominant type of agricultxre among the present 

day Hopi Indians is floodwater farming, and it is 
probable that it w-as the same in the past for the 
whole of the Anasazi country. The modern practice 
has been described by Gregory [30], Bryan [14,, 151, 
Hoover [36] Forde [29], and Hack [31]. As defined 
by Bryan [14#, p. 4441, the term floodwater farming 
applies to the utilization of areas naturally flooded 
by run-off derived from higher ground, without main- 
taining a regular system of diversion or conveyance 
of water. Thus, the moisture supplied by the strictly 
local rainfall is reinforced by the overflow. Since the 
areas selected for planting are those likely to be 
flooded, special conditions are required. Thus, the 
washing out of the crop by the flooding water or a 
heavy deposition of silt that might bury the plants 
are to be avoided. The location of the fields relative 
to the physiographic features, which determine the 
characteristics of the flooding, serve as a basis for 
the classification of the different variants of this 
system [31, p. 261. 
The preferred situation over the Hopi country 

is at the places where the stream gradient flattens 
at the foot of the slopes and the run-off of the high 
ground gathered in torrents spreads a sheet of water 
over the shallow fan built by the deposition of the 
load of debris discharged through their channels. 
Such localities have always been used for fields by 
the Zuni Pueblo Indians [14, p. 4491. These places 
are called ak-chin (arroyo mouth) by the Papago Indians 
of southern Arizona, and this descriptive term has 
been used as a technical word sincc Bryan’s days. 
The distribulion of the water over the field is partially 
controlled by the €armer, by building earthen spreaders, 
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by digging furrows to areas that are in danger of 
being left dry or even by diverting water to individual 
plants. In several instances, according to Hack, 
the ratio between the areas of cultivated ulc-chin 
fields and those of the arroyo watersheds which 
supply them with water varied from 3 : 1 O0 to 6 : 100; 
the variation between these limits is explained by 
the differences in the amount of run-off from one 
drainage basin to another, depending on the nature 
of the ground [31, p. 311. 
The effects of the late epicycle of erosion (since 1880) 

have increased the importance of the ak-chin fields, 
by reducing the amount of farmland available in the 
floodplains of large streams [31]. 
A second class, with a few subdivisions, is that of 

fields located on the floodplains of the main valleys, 
the low flood terraces of large arroyos, or in the 
dry beds of small intermittent streams, in places 
where the water will spread over a wide area during a 
flood and yet will not be destructive to the crop. This 
practice is limited nowadays by the deepening and 
widening of the stream channels in recent times. 
An example of such valley-bottom fields cultivated by 
the Navaj o-who, incidentally, learnt agriculture 
from the Pueblo Indians-is given by Bryan [14, 
p. 4511. The Hopi, and less frequently the Navajo, 
sometimes direct the floods by constructing temporary 
earthen diversion dams, up to 30 cm. or more in 
height [30, p. 1041; these are renewed every season. 
A third class, fields watered by hillside wash, was 

described by Bryan [14, p. 4451 as practised today 
by the Spanish-speaking inhabitants of small valleys 
in the Sandia Mountains of New Mexico. Since the 
settlement of that area dates only from 1815 and the 
procedure has not been reported for the Indian country 
[31, p. 301, is might be colonial rather than aboriginal. 
Anyway, the distinction between these fields and 
those of the second class does not seem to be clear- 
cut, to judge from Bryan’s pictures. 
Still another technique-which involves works of a 

more permanent nature-is the building of check 
dams in small wash bottoms to form terraces, The 
dams are made of loosely piled stones and brush, 
and serve to hold soil and moisture, by slowing the 
run-off, and to obstruct gully erosion. The crop planted 
in those terraces is nearly always early corn, which 
is associated with ceremonial celebration [31, p. 301. 
According to Gregory [30, p. 1041], remains of such 
check dams on the terraced floor of washes may be 
seen near many of the ancient ruins. In addition, 
prehistoric check dams across the run-off and on 
rock ledges are found at Mesa Verde (south-western 
Colorado), and it is likely that more would be found 
if the San Juan area were searched for them [13, p. 101. 

Finally, canal irrigation was practised, at least in 
the San Juan area, during Pueblo III times (1100-1300) 
as evidenced by the ancien1 reservoirs and ditches 
found in the Mesa Verde region. The main ditch 

on Mesa Verde is about 6 km. long, over 9 m. wide, 
and 28 cm. deep, and falls more than 200 m. with a 
very regular gradient [13, p. 101. Modern Hopi gardens 
irrigated by diversion are described by Hack [31, p. 341, 
and in the Navajo country by Gregory [30, p. 1051 
However, the amount of land watered in this way 
is very small, and it was apparently the same in the 
past [13, p. il]. 

IRRIGATION AGRICULTURE 
OF THE MEXICAN BORDER 

At the close of the seventeenth century, when the 
first Chris tian missionaries entered the section of 
northernmost Sonora and southern Arizona, later 
known as the Pimería Alta, the agriculture of the 
Pima Indians depended upon canalirrigation [18, p. 41. 
The climatic features of that area are a precipita- 
tion low in average and extremely unreliable owing to 
annual fluctuations, a very high rate of evaporation, 
and a long growing season. Of the rivers which 
supplied the water for irrigation, the Gila and the 
Santa Cruz are discontinuous streams, and the San 
Pedro flow, although perennial, fluctuates greatly 
[18 p. 131. Piman settlements and irrigation were 
found along the stretches of continuous flow. South 
of the present international boundary they lived 
by the upper reaches of the Sonora and San Miguel 
rivers, and down the San Ignacio and Altar, where 
rich irrigated land was found as far west as Caborca 
[18, p. 5, quoting Mange’s Luz de tierra incógnita, based 
on his visit in 16941. 
As noted by eighteenth-and nineteenth-century 

observers of the Gila Pimas practice, temporary 
diversion dams were built of upright poles, driven 
into the river bed in zigzag lines, as a supporting 
frame for a barrage of branches and bundles of 
bush; rocks and tree trunks were also used sometimes 
to reinforce the construction. These barrages rarely 
stood longer than a year, being washed away by 
sudden floods. The networks of conveyance and 
distribution canals were very extensive; from the 
main canals many laterals branched out on both 
sides of them. The main ditches were as much as 3 m. 
deep at the intake and generally 1.20-1.80 m. in 
width. The irrigated fields were subdivided by earth 
ridges into rectangles of about 70 m. by 35 m. The 
main canals were communally owned, and they 
were cleaned and repaired every spring under the 
direction of elected officials, who also regulated the 
distribution of water. Often the men of several 
communities worked reciprocally for the maintenance 
of their irrigation systems [18, r. 1561. 
With regard to land ownership, elongated cobble- 

stones set vertically -in the ground, suggcslive of 
boundary markers, have been found by modern 
farmers; some clue on the nature of the ancient 
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Geld system might have been provided by the 
study of their pattern of arrangement, but it was 
obliterated by reclamation works before its signi- 
ficance was appreciated by archaeologists [35, p. 81. 
In addition to canal irrigation, some floodwater 

farming was practised in a few favourable places. 
Also, it is noteworthy that food-gathering was an 
important activity, intricately interwoven with gar- 
dening in Piman economy. Even in normal years the 
products of wild plants, mainly mesquite beans 
(Prosopis sp.) and cactus fruits and seeds (Carnegiea 
gigantea, Lernaireocereus thurberi, Opuntia fulgida, 
O. echinocarpa), constituted an important part of 
the diet. W h e n  crops were washed out by overflows 
or they failed for other reasons, the relative importance 
of farming, food-gathering and hunting as the founda- 
tion of subsistence became reversed [18, p. 28 and p. 631. 
It must be noted, however, that increased reliance 
on food-gathering and hunting as important comple- 
ments of the subsistence basis was possibly a reversion 
which occurred at the time when the prehistoric 
irrigation systems dwindled-in the early fifteenth 
century.l 
The prehistoric sedentary culture of southern 

Arizona is called Hohokam. Apparently it evolved 
out of the food-gathering Cochise Deserl culture 
with the introduction of agriculture shortly before 
the beginning of the Christian era. Although there 
is a dark period in the development of this tradition, 
from the early fifteenth century to the late seventeenth, 
there is no reason to doubt that the Hohokam people 
were the ancestors of the Upper Pima Indians of 
later days. 
Since no evidence of canal irrigation is yet known 

for most of the first thousand years, some form of 
floodwater farming is postulated for that period. 
River floodplain farming might have been feasible 
in the vicinity of the archaeological site of Snaketown, 
a settlement close to the Gila River whose origins are 
much earlier than the attested antiquity (c. A.D. 800) 
of the local canal system [33, p. 571. Later, the 
development of the canal networks permitted settle- 
ment away from the rivers; an example of this was 
the town whose ruins are now called El Pueblo de los 
Muertos, that flourished in the fourteenth century 
as the centre of a large population cluster, 10 km. 
south of the Salt River [34, figures 1 and 24’’ and 

The remains of prehistoric networks of irrigation 
canals are very extensive in south central Arizona; 
in the Salt River valley the aggregate length of 
conveyance ditches has been calculated to be more 
than 300 km., of which 120 km. correspond to the 
Los Muertos system alone [35, p. 8; and 34, p. 41, 
quoting Turney’s Prehistoric Irrigation in Arizona]. 
Some of the ridged depressions revealing the course 
of an ancient canal can be traced for more Lhan 
30 km. 

p. 14-43; 35, p. 91. 

An excavated section of one of the Los Muertos 
ditches, 10 km, from the intake, was found to be 9 m. 
in width at the top and over 2 m. in depth, with a large 
groove at the bottom, apparently designed to carry 
the small flow of water during periods of scarcity, 
a feature also found in other broad channels. In a 
section of the Snaketown canal, the actual water con- 
duit is about 2 m. in width and 1 m. in depth, although 
from crest to crest of the side ridges it is about 10 m. 
in average. Haury [33, p. 561 pointedly notes that the 
widths given for the Hohokam canals on the basis 
of surface indications do not necessarily correspond 
to the actual size of the channels, which has to be 
ascertained through excavation of their cross-sections. 
The study of the Snaketown canal [32, 331 revealed 

an interesting story of deposition of alkaline crusts, 
silting and re-excavation of channels, covering a 
time span of at least 500 years, beginning at about 
A.D. 800. 
The Hohokam canal systems reached their maximum 

development from about 1200 to 1400 [32, p. SO]. 
Their planning, construction, and maintenance would 
have required a considerable degree of community 
control by a political organism; the fact that in some 
instances several villages evidently drew water from 
the same canal, indicates co-operation and co-ordina- 
tion at the intervillage level [35, p. 81. The layout of 
settlements and canals in the Los Muertos area, 
suggests some degree of political centralization of the 
kind that, in larger and more compact irrigation dis- 
tricts in other parts of the world, produced the rise 
of city-states. This phenomenon, in the Hohokam 
area, was apparently limited to a very incipient stage 
by the scattering of irrigable zones, at least under the 
resources-technology equation operative in the 
Hohokam culture. 

THE SONORAN DESERT 

Further south, along the middle and upper Yaqui 
River and the mid-course of the Sonora River (in 
the zone of BShw climate), the agriculture of the Lower 
Pimas (Nebome and Ures groups) depended on 
well-developed canal irrigation, according. to the 
reports of the early Spanish explorers. 
The desert’s Papago division of the Pima people, 

living in the very arid section west of the Santa 
Cruz River, forcibly depended more on gathering 
of wild plants and/or hunting than on agriculture. 
The average annual precipitation over that area 
is less than 125 mm. Residence was seasonal, near 
the scanty permanent water sources during the 

1. The caiises of this are still undetermined. In a persono1 communication 
dnted 8 April 1959, Dr. Hnury writes that lowering of the main-stream 
channels or nlknlinizntion hnve been mentioned as posuihle explnnntions, 
but none is directly attested by arcbaeologionl evidence. Pcrsonnlly, 
he favours rather a breakdown of the society-by effect of forces not yet 
surely recognized, which were operative over n Inrgc port of the North 
American south-west-as the main enuse of the cultural recession. 
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winter months and in the places favourable for 
agriculture after the summer rains started. Crops 
were raised mostly by thunderstorm floodwater 
farming. Ak-chin fields are reported by the earliest 
chroniclers (end of the seventeenth century); low 
embankments, brush barriers, and shallow ditches 
were used to capture and spread the water. Also, in 
a few places they irrigated with water derived from 
springs or the stretches of permanent flow of the 
Sonoita River [18, p. 40 and p. 1681. 
The Y u m a n  tribes of the lower Colorado River 

valley-in the western section of the Sonoran Desert 
province-depended on natural1 river floodplain far- 
ming, planting as soon as the water receded in the 
ground moistened and fertilized by the annual summer 
overflow (see the thorough study by Castetter and 
Bell [19]). The erratic ways of the river-variability 
and even failure of seasonal floods and unseasonal 
destructive ones-precluded the maintenance of per- 
manent fields [19, p. 38 and p. 69 et seq.] and made the 
Yuman economy unstable. In spite of the eventual 
possibility of a bounteous harvest of cultivated crops 
(maize, tepary beans, and pumpkins), subsistence 
depended to a large extent (50-70 per cent) upon 
the products of wild plants-mainly Prosopis juliflora, 
P. odorata-and fishing [19, p. 66 et sep. and p. 2381. 
River floodplain farming, based on natural inunda- 

tion, was likewise the source of subsistence of the 
pre-Spanish nations of southern Sonora and the 
Sinaloa coastal plain, in north-western Mexico. 
There, dependable summer floods and less so, but 
still ordinary, winter ones-which originated in the 
upper drainage of the rivers in the high Western 
Sierra Madre-and the all-year-round growing season 
(climate BPñ’w in the north, BSh’w in the south) 
allowed two and even three crops a year on the 
continuously re-fertilized fields. It is quite significant 
from the aspect of sociological theory that, although 
it sustained a dense and prosperous population, 
this natural irrigation did not produce any appreciable 
degree of urbanization nor a complex political struc- 
ture. 

flourished, is for Lhe most part of the tropical-rain 
forest (Köppen’s Af) and monsoon forest (Amw, 
Amw’) types, the main excep lion being the tropical 
savanna (Aw) arca of the north-western part of the 
Peninsula of Yucatan-a limestone formation with no 
surface running water and whcre, noteworthily, a 
distinctive variety of Mayan culture existed since 
ancient times. 
On the other band, notwithstanding the great 

climatic contrasts effected by the relief, most of the 
highlands, the interior valleys, and the Pacific coast 
share a common characteris tic-well-marked periods 
of seasonal drought lasting over half of the year 
(generally, seven to eight months). Over most of the 
plateau and range regions, aside from the high moun- 
tains, the dominant climate is Lhe mesothermal 
savanna (Cw) type, and in the interior depressions 
and along most of the Pacific coast the tropical 
savanna (Aw) type is found. The temperate forest 
(Cf) only occurs in the mountains. In the zone of 
rain shadow west of the Eastern Sierra Madre high 
peaks, there are tracts of cold steppes (BSk), and in 
the depths of the inland valleys tropical steppes 
(BSh) and even cactus desert (BWh). 
In the light of the extreme environmental diversity 

within Mesoamerica and what is known about the 
level of civilization attained by its people, it is hardly 
surprising that, contrary to an opinion widely and 
rather uncritically accepted until a few years ago, 
the diversity of agricultural practices found in that 
arca corresponds, as might be expected, to the varia- 
bility of climate, relief, hydrography and soil. 

W e  arc concerned here only with those sections of 
the culture-area where unreliability or extreme 
seasonal limitation of rains, and excessive evapo- 
transpiration and run-off losses,3 can be, and were, 
advantageously compensated for by means of irrigation 
and where land productivity was sustained by the 
application of techniques for the conservation of 
soil and water resources, allowing intensive exploita- 
tion. These regions correlate with the Cw and Aw zones, 
which constitute the greatest part of central, western, 

1. Although a mid-cighteenth century eye-witness credits the Indians with 
a method to divert the overflow, Buildinq diagonal dikes of logs supported 
by polen driven into the river bed, and spreading the water into swales by 
means of earth dams disposed to form an incipient system of basin irrigation 
[i9, p. 1331. The term ‘ Mesoamerica’ is Ilsed nowadays to refer 2. The northern frontier of Mesoamerica can be dciiucd in various ways, either 

to the culture-area comprising the ancient ‘Mexican’ on M archaeological or ethnological basis, but in nny case it fluctuated 
through time. The 220 parallel constitutes a convenient geogrnphical and ‘ Mayan ’ civilizations (in their many varieties reference, although cultural influences can be traoed ïnr north or that line, 

as manifested in tirne and space), which in the past to the north-west and north-oast, and the Mesoamerican cultural pattern 
trespasned it at various places and periods; conversely, the fnrming frontier 

have been generally considered as rather distinct settlements had retracted sonthwnrdsinthe central section before the arrival 
of the Spaniards in the sixteenth century. Thc norlhern neighbours of the developments.2 Its fmdamental unity is now beyond sedentary Mesoamerican peop~e in the semi-arid llone of north centroi 

question, and the differences in socio~economic Mcxico were the nomadic huntiug-gathering Chichimecs. The southern 
limit of Mcsonmerica does uot concern the purposes of this paper. 

structures and settlement pattern can well be explained 3. Although I havc not secn statistics OU this subject, nnybody fniniliar wih 
these regions knows that evapo-transpiration losses must be inordinately as ecological adaptations to contrasting environments. high, owing to the rate of insointion and low relative humidity. With regard 

the to ruri-off over the whole aren under consideration, excluding the ucgligible 
Cf zone OC the high mountains, roin almost nlwnys falls in tORentia1 showers, Gulf of Mexico and the Caribbean Sea, where the thus failing to sonk doping ground. Th5 is of speciuì significance since, 
owing to the relalive scarcity of flat lands, much of the cultivation is done 

classic Mayan and other cultures Of related type on thc hillsides rolling ground. 

MESOAMERICA 

The ,,limate of the eastern lowlands, facing 
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and south-western Mexico, and the BS and B W  
climatic enclaves. Only a few instances of the applica- 
tion of conservation measures are known from places 
outside the limits outlined. 
In almost any place within that area-with the 

exception of the few truly arid sections-rain farming 
is possible, although often aleatory and undependable 
(see, for example, Millon 11571 on the Valley of Teoti- 
huacán), and there is no question but Lhat it was 
generally practised. The native method USCS the 
slash-and-burn technique of clearing fields-wherever 
the vegetal cover makes it necessary-and alternate 
periods of cultivation and fallowing in short cycle, the 
fallow intervals approximating the number of years 
the field can be maintained under repeated cultivation. 
The long rest required for the resloration o€ the plant 
nutrients in most soils of the humid tropics, including 
the tropical foresi in Mesoamerica that allows for 
jungle growlh over a much longer period than that 
required for cultivation, is not necessary in the life 
zones that concern us here. 

However, the productive capaciiy of rain farming 
under the climatic conditions prevalent in these 
zones is contingent upon the duration of the winter 
dry season and the intensity, reliability, and efficiency 
of the summer rains. The regularity in the beginning 
of the rainy season (the coming of Quetzalcoatl, the 
green-feathered serpent god, in native myLh), as a 
determinant of the planting days, is also an important 
factor in the central plateau (Lhe upper Lerma River 
valley, the basin of Mexico, the Tlaxcala and Puebla 
high plains, and the upper Moctezuma River drainage 
in southern Hidalgo), where the concentration of 
population in pre-Columbian times was greatest, 
for early frosts m a y  injure the unripe crops when 
planted late. 
In many places the all-year-round growing season 

permits, with irrigation, the continuous cultivation 
of the same plot and the harvesting of two annual 
crops uninterruptedly; that it was praczised where 
environmental conditions allowed is confirmed by 
historical evidence [see, for example, sixteenth 
century quotations for the Coatlalpan province in 
2, page 981. Furthermore, irrigation permitted the 
growing of crops with special moisture requirements, 
such as cotton, and the cultivation of the drought- 
sensitive cacao tree in the warm seasonally arid sec- 
tions of the Pacifie versant [Z, p. 86 and p. ill]. 
Nevertheless, not only commercial crops but also 
the basic subsistence culture of maize and chile peppers 
were given preference in irrigated fields. 
It is well known that even under climatic conditions 

favourable to rain farming, supplemental irrigation 
increases yields per unit of cultivated land and im- 
proves the efficacy of fertility methods of conservation, 
such as tlie application of fertilizer. With regard to 
increased yield, it is interesting to see Palerm’s 
[63, p. 301 comparison of productivity between the 

specialized permanent mois ture chinurnpa system of 
the Valley o€ Mexico, the ditch irrigated fields at 
Tecomatepec, the fallowing supplemented by house 
gardens at Eloxochitlán, and the tropical slash-and- 
burn at Tajín. The comparative numbers indicating 
the amount of cultivable land needed to support the 
same numbers of people, approximaLe the series 
1:2:12:24 respectively; reading it in inverted order 
we get an index to the theoretical relative density 
of population allowed by these farming systems.1 
Taking into consideraiion increased yield, continuity 
of land use, and possibilities of double cropping, 
the compounded effects of irrigation on food supply, 
and hence on density of population, musi have been 
quite significant; available evidence confirms this 
assumption. 
The subsistence basis of civilizaiion in these regions, 

although resting to a large extent on the rain-farming 
fallowing system2 cannot be properly understood if-as 
has been done too often-the importance attained 
there in pre-Columbian Limes by improvement and 
conservation methods, and consequent influence 
on population density and clus tering, settlement 
patterns, and some fundamental aspects of the social 
and political sutructures, is minimized or ignored. 
There has been an awakened inLerest in the distri- 
bution of native irrigation agriculture by means of 
canals and ditches aL the time of the Spanish conquest 
or shortly thereafter and, in a few concrete cases, 
in the historical information referring to late pre- 
Columbian times. A few results have been published 
since the late forties, covering the area north of the 
Isthmus of Tehuantepec : Sauer7s investigations 
on the role of irrigation in the preconquest economy 
of the zone of Colima and neighbouring sections of 
Jalisco and Michoacan, in western Mexico [69]; 
my own research for most of the area that has been 
published in detail only for the part referring to the 
Balsas River drainage, which comprises, however, 
a large part of southern central Mexico and included 
the prized irrigation district of southern Puebla and 
eastern Morelos [Z] ; and Palerm’s comprehensive 
paper for the whole area under consideration [62]. 
N o  similar studies have been made for some sections 
of Mesoamerica southward from the Isthmus of 
Tehuantepec where enviromental conditions might 
have encouraged analogous practices. However, a 
late sixteenth-century reference indicates irrigation 
for cacao-tree planlations aL Santa Ana (western El 
Salvador), and it is implied for places in Xoconochco 
(the coast of Chiapas, Mexico), and farther south 
in Nicaragua and Costa Rica (to the peninsula of 
Nicoya), where native cacao culture is recorded and 
the long dry season would have made watering of 

1. See also Snnders [67, p. 74; 68, p. 1161. 
2. WitL reference to its eíïects on the type of eivilizution, the uplands fallowing 

system is, nnywny, twice ns producrive in proportion to tùe amount of 
cultivnhle land ns the iùiiiing-fields procedure typical of tlie humid lowinnds 
[67, 631. 
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the orchards a necessity, despite the amount of 
annual rainfall [58, p. 66, p. 73, p. 76 and p. 1111. 
The studies mentioned in the preceding paragraph 

are based on sixteenth century historical or adminis- 
Lrative documents, some o€ which are transcrip Lions 
of pre-Spanish traditional history, or pleas for confir- 
mation of water rights by colonial authorities. Unfor- 
tunately, very little archaeological research has been 
done to date to substantiate the documentary evi- 
dence and to investigate the prehistory of irrigation 
works. A noteworthy exception is Wolf and Palerm’s 
field survey of the extensive remains of aqueducts 
and canals in the piedmont of the Sierra east of the 
former Acolhua capital, Tetzcoco [go]. The longest 
aqueduct found is carried over an embankment 
1,000 m. long and 12 m. high at the highest point, 
another although shorter (about 300 m.) reaches 20 m. 
of maximum height over the saddle of the ground 
[go, p. 269 and p. 2721. In those I have seen the 
channel is stone built, revetted with lime plaster 
and, in a short stretch over the hill at Lhe entrance of 
the embankment leading to the royal gardens, the 
water conduit is cut into solid rock. 
These authors did a splendid job of relating the 

ancient vestiges to sixteenth century documentary 
sources, and to present-day native irrigation in the 
area. Being familiar with these places, I fully agree 
with their conclusions that available evidence suggests 
a mid-fifteenth-century reclamation project, under- 
taken in Nezahualcoyotl’s reign. Although hitherto 
usually referred to as the royal gardens of that king, 
it is clear in the field and supported by documentary 
evidence, that the regal domaine was only a part 
of a more extensive endeavour designed to benefit 
many communities. Mid-fifteenth century was a 
period of Acolhua preponderance in central Mexico, 
with King Nezahualcoyotl at the summit of power 
as political and military leader of the Triple Alliance, 
just before its decline and the accession of the kings 
of Tenochtitlan to pre-eminence within the frame- 
work of the expanding Aztec empire. However, 
I believe that extensive use of aerial photography and 
spade work, that has not been done, would not fail 
to reveal considerably older hydraulic works in that 
general seciion of the Valley of Mexico.1 
The only excavations made in Mesoamerica to 

uncover and date vestiges of a prehistoric irrigation 
system are those of the dams and canal in a small 
valley belween the Maravilla and Altatongo hills, 
in the neighbourhood of the ancient metropolis of 
Teotihuacan. The indications leading to the cliscovery 
were found by examination of aerial photographs, 
and the preliminary survey on the ground reported 
by Armillas, Palerm, and Wolf [3]. The subsequent 
excavations have been very ably conducted by Millon. 
His conclusions [59] axe that Lhis system may have 
originated in Lhe Toltec period (c. A.D. 800-1200) 
or perhaps in older Teotihuacan times.2 Millon has 

also made considerable research, most of which is 
still unpublished, to relate prehistoric, colonial, and 
modern practice of irrigation in the valley of Teoti- 
huacan. The major canals which run through the 
valley today existed in 1580, and an abandoned canal 
has been discovered in the flat lands of its central 
section Lhat looks a promising site for an investigation 
of the very origins of irrigation in the district of 
Teotihuacan. 
In the Basin of Mexico, the shallow fresh water 

lakes of Zumpango, Xaltocan, Xochimilco, Chalco 
and parts of Lake Tetzcoco,3 were conquered for 
chinampa agriculture, the so-called ‘ floaling ’ gardens. 
[74, 841. The chinampas are, and were, artificial islands 
built in shallow waters by piling up layers of aquatic 
plants and silt from the bottom of the lakes.4 In order 
to keep the porous soil of the chinampa perpeLually 
moist, by infiltration from the surrounding waters, 
and to facilitate supplementary manual irrigation, 
the islands are built in comparatively narrow, elon- 
gated strips. Also, the top plane is regulated-by 
adding or scraping top soil as required-in relation 
to the water level, so that moisture might reach the 
root-level. Additional moisture is supplied directly 
to the individual plants by lifting water from the 
surrounding canals by means of simple hand tools, 
such as cloth buckets mounted in a twig ring with 
a long handle or by wooden scoops. As the water is 
muddy and rich in organic nutrients, this amounts 
to the addition of new soil. 
Besides the building of the land, infiltration of 

moisture, and manual irrigation, the chinampa far- 
ming system includes today, and seems to have 
included in the past, techniques such as the use of 
hotbeds-and consequently transplanting-and ferti- 
lizer. Indian seedbeds are depicted in Fray Bernardino 
de Sahagún’s Florentine Codex (third quarter of the 
sixteenth century). Fray Alonso de Molina’s Vocabu- 
lario en lengua castellana y mexicana (printed in 
Mexico City in 1571) provides some linguis tic evidence 
about the fertilizers used-at least for the central 
Mexican area of Nahuatl speech, which includes the 
chinampas region. According to Molina, the verb 
coquipachoa nitla, is translated ‘to diing the soil in 
some way’, coquiatl is mud, bog, hence the verb 
means ‘to muck’, which describes well the practice 

1. Perhaps rolnted, and I mention it just as a possibility to he investigated, 
to the ruins of Cerro Porteznelo, an important settlement farther south in the 
same piedmont area. 

2. In m y  opinion, the possibility of thc system originating in the Teotihnacan 
period seems rather likely, although admittedly based on the faint evidence 
of the diversion of the stream from its natural watercourse 159, p. 1641. 

3. IIigh salinity was apparently confined to the eastern parts of Lake Tetzcoeo, 
hiit the flow and refìow of brackish water, depending on the fluctuations in 
water level within the intereommunieated system of lakes, affected its 
wcstcrn section, around the island where the twin cities Tenocùtitlan and 
Tlatelolco rose. The constructiou of the ‘albarradón de Nezahualcoyotl’ 
-a dike 16 km. long, built by the Aztecs under the guidauce of Tetzcocnn 
technicians in 1449-besides protecting thc capital from flooding must 
have improved the possibilities of land reclamation, by means of cliinampas, 
in the marshes of that area. 

4. The chinampa system can thus be classified as drainage and irrigation. The 
building of the islands is a very effective means of reclamation and their 
cultivation is a specialized and sophisticated method of gardening. 
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in the chinampas; cuitlauia, nitla, means ‘to manure’, 
from cuitlatl, excrement. Aquatic plants and slime 
are currently used as fertilizer in the chinampas and 
Sanders has found that the compost pile (tlaçotlalli, 
cf. Molina : cosa gomitada, spewed matter) includes 
human excrement. Indeed, the ancient name Cuitlauac 
of modern Tláhuac, one of the main towns in the 
chinampas zone of Lhe souihern lakes, and its hiero- 
glyphic sign (as seen in Codex Mendoza), indicate the 
practice of using excrement to fertilize the soil. 
Indeed, the use of human excrement to manure 

the fields seems to have been widespread in the 
central Mexican area of intensive agriculture, to 
judge from the remark of an eyewitness that along 
the country trails it was collected from benevolent 
passers-by in places purposefully disposed (Berna1 
Díaz del Castillo, Historia verdadera de la conquista 
de la Nueva Espana, ch. XCII). Although, rather 
bafflingly, he mentions only its use for tanning, this 
might refer simply to the cargos sold in the great 
market place of Tlatelolco, where it was brought in 
canoes for industrial purposes; after all, tanneries 
were not so important in pre-Spanish economy. 
Although the specialized technique of building 

artificial islands by piling up aquatic plants and silt 
was seemingly restricted to the lakes in the Valley of 
Mexico, the methods for intensive cultivation descri- 
bed above in association with the chinampa system- 
such as the use of seedbeds, transplanting, and manual 
watering of the individual plants using wooden scoops 
or other containers-appear to have been widely 
known in the districts of iniensive agriculture. The 
modern Tarascan Indian gardens along the shores 
of Lake Pátzcuaro described by West [83, p. 471, 
merely represent the continuity of a pre-Columbian 
local technical tradition, to judge from allusive 
references in sixteenth-century documents. 
Another aspect of ancient Mesoamerican improve- 

ment techniques that until now has been generally 
overlooked, is the imporlance of agricultural terraces, 
mainly as a basic conservation measure to prevent 
soil erosion and to retain moisture on the hillsides. 
An extensive system of irrigated terraces is known 
however-that of the piedmont area of the former 
Acolhua kingdom, mentioned above. 
Dry terraces, faced with stone retention walls or 

protected with earth embankments hedged with 
maguey, are found, ruined or sLill in use, over a large 
area of central and southern Mexico north of the 
Isthmus of Tehuantepec, and in the humid zones of 
the Chiapas and Guatemalan highlands LO British 
Honduras. Very large areas are so terraced in the 
mountains to the south of the Valley of Mexico, 
beginning at the plain’s edge and mouniing to the 
zone of the pine forest. Many terraced hillsides are 
seen in aerial photos of the mountainous Mixtec 
region oi north-western Oaxaca. Old abandoned 
terraces were encountered by Dr. Sanders and myself 

near Iztacamaxtitlan, just north of the Tlaxcalan 
border, when w e  were retracing with sore feet a stretch 
of Cortés’ route to the conquest of Mexico. For a 
résumé of Lhe data on southern Mesoamerica see 
Lundell [4(8, p. 91. 
The possible antiquity of most of these constructions 

has not yet been invesLigaLed. The 1579 ‘Relación 
de Chilchota’, Michoacán, by a minor colonial officer, 
describes some stepped hills, cut into Lerraces about 
84 cm. in width which were faced with stone retention 
walls, reputedly used in ‘ ancient times’ to plant maize, 
which had been abandoned for an indeterminate but 
seemingly long period. Those of the British Honduras- 
PeLén zone, on the limestone plateau between the 
rivers Maca1 and Chiquibul, have been tentalively 
dated by Dr. Eric Thompson (quoted in Lundell 
[48, p. lo]) as being of late Tepeu age (roughly 
A.D. 750-900). 
The only irrigated terraces of which I have 

knowledge are those of the Tetzcocan piedmont 
area already mentioned. There, the hills are artificially 
reshaped in rather regular forms, cut in straight lines. 
The terraces are well levelled, and contoured with 
dry-masonry walls. The water was conveyed by the 
aqueducts described to the highest terraces, and 
distributed by branching canals from bench to bench 
down the stepped hillsides. The age and hisLorica1 
setting of the building of that system has been com- 
mented upon above. Most of the terraces are still in 
use and watered by the canals, although the highest 
ones in the royal gardens and in other places are 
abandoned and decayed, the same as the upper aque- 
ducts that supplied them with water. 
The functional relationships between the improve- 

ment of land use methods-with the techniques of 
reclamation and conservation, principally hydraulic 
works-and population, settlement pattern, and the 
social and political struclures, within the Mesoameri- 
can area of civilization, constitute a fascinating subject 
of research that has begun to be explored only recently. 
The preliminary results of the studies made to date 

can be summarized as follows : it is true that over most 
of the area of seasonally dry climate outlined above, 
physiographic conditions in conjunction with the 
relative technological development, limited the irri- 
gation to small-scale enterprises that could be accom- 
plished with the resources of a single community, 
or a small cluster of local communities politically 
inlegrated in a small principality. Nevertheless, the 
significant fact is that it was not so everywhere. 
In other zones, as for example the Nexapa River 

valley in southern Puebla, the disposition of the 
irrigated lands of many communities along a river 
must have made centralized control of water-use 
necessary. In fact, it is known that the Coatlalpan 
province-which includes the Nexapa Valley-and 
the adjoining province of the Amilpas (whose name 
derives from amilli, meaning irrigated fields) were 
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prize irrigalion districts, forming a key economic 
area. The iamous religious and commercial centre 
of Chollolan was located on Lhe upper end of this 
compact irrigation zone, that extended downwards 
to Atlixco and Itzocan, which were also important 
urban centres at the time of the Spanish conquest. 
In the lower parts of this irrigation district the lesser 
altitude permitted the cultivation of cotton-an 
important trade commodity in pre-Spanish times- 
which was not possible around Chollolan. 

The relative importance o€ pre-Spanish irrigated 
lands and rain farming in the zone of Colima and 
surrounding sections of Jalisco and Michoacan has 
been investigated by Sauer [69]. His study shows 
how the contrast between the alluvial soils of the 
river valleys, which cons titu ted districts of concen- 
trated irrigation, and the clayey soils of the surround- 
ing uplands, that were not too well suited for native 
methods of cultivation [69, p. 631, affected Lhe distri- 
bution of population and the degree of urbanization. 
There were at least five aggregations of urban impor- 
tance in the lowlands and three in the highlands, 
each one ranging from perhaps five to ten thousand 
people. While the capitals of the valleys were the 
centres of irrigation districts, those in the uplands were 
commercial towns concerned in different degrees 
with mining operations [69, p. 811, although small-scale 
irrigation was also practised in that zone. 
But by far the largest and most compact district. 

of intensive agriculture-with canal irrigation, chinam- 
pus and terracing-was the Valley of Mexico. This 
was, apparently, the only section where the term 
‘hydraulic agriculture’ as defined by Wittfogel 
[89, p. 1531 does apply. Some State enterprises for 
the construction and maintenance of productive 
and protective water works have been mentioned 
already, more are known from historical sources. 
Sanders’ detailed studies of population for the 

Valley of Mexico at the time of the Spanish conquest 
indicate a minimum of one million for 8,000 km.2 of 
territory. The total population of the Aztec empire 
at that time can be calculated, on the basis of different 
studies by various authors, at between five and six 
millions, for an area of about 200,000 km.2 Thus, in 
the Valley of Mexico with an extension of only one 
twenty-fifth of that of the empire, about 20 per cent 
of the total population was concentrated, notwith- 
standing the fact that the empire included some of 
the mosl: densely populated areas of central Mexico 
outside of the valley. In relation to the whole area 
of Mesoamerican civilization and its estimated popu- 
lation the proportion is even more startling, for the 
Valley of Mexico, with an area of about a hundred- 
and-twentieth of the toLal, coniained about 10 per cent 
of the population. 
In the Valley of Mexico, and in the southern Puebla 

irrigalion district as well, the number of inhabit.ant.s of 
a few nucleated urban centres raninto tens of thousands 

-and well passed fifLy thousand in the empire’s 
capital, Tenochtihn-Tlatelolco. Many rural district 
centres were towns-with part-urban funclions- 
of several thousand people. 
It was on the foundation of the political unification 

of this nucleus that the AZLCC empire was built, 
and archaeology reveals the paramount role played 
by that area in Mesoamerican prehistory, before the 
beginning of the Christian era; this suggests that a 
comparable situation, with regard to density and 
concentration of population and inferentially agricul- 
tural practices, existed during Teotihuacan times 
(from about 200 B.C. to A.D. 700). 

MESOAMERICAN FRONTIER ZONE 

The northern Mesoamerican frontier zone in northern 
central Mexico is an exceedingly important. area 
in which to investigate the interrelationships of natural 
and cultural factors in the history of land use. 
Following the inland piedmonl (€rom about 2,250 m. 

to 1,850 m. in altitude) of the Western Sierra Madre, 
at the edge of the juniper-oak-pine vegetation zone, 
and along the savanna (Cw) belt to the limit of the 
steppe (BSkw), the Mesoamerican cultural pattern 
became established, either as a result of diffusion- 
acculturation or conquering colonization, after perhaps 
A.D. 700 (to judge from the earliest carbon-14 date 
obtained from the ruins of L a  Quemada, at the southern 
entrance to this corridor [24, p. 11041). The northern- 
most extension of this pattern reached the present 
Durango-Chihuahua border [40, p. 132 and p. 1381. 
In the semi-arid zone of the central section of the 

frontier-a region of transition to the Chihuahua 
Desert province-the northern neighbours of the 
sedentary Mesoamerican farmers were the nomadic 
hunting-gathering ‘ Chichimecs ’ (the Zacatecs, Guachi- 
chiles, and Pames). The historic limit between seden- 
tarians and nomads roughly coincides with the present 
borderline between Cw on the one hand, and BSL 
(in the west) or BSh (in the east) climates, on the 
other, In view of the known retraction of the agricultural 
frontier-attested archaeologically and by traditional 
his tory in territories formerly occupied by sedentary 
cultivators and taken over by the nomads at the 
time of the fall of Tollan (towards the close of the 
twelfth century, perhaps in the first half of the 
thirteenth)-it would be of great interest to investigate 
whether some minor climatic fluctuation triggered 
ecological changes, or improvident clearing of marginal 
lands €or the expansion of cultivation induced aridity 
in that area. 
The fact Lhat similar and more or less contcmpo- 

raneous troubles are recorded in the south-west of the 
United States (see previous remarks on Anasazi and 
Hoholram and bibliography [38, p. 120]), in the inland 
piedmont of the WesLern Sierra Madre [40, p. 1391, and 
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in the eastern margin of the Great Plains, tends to favour 
the hypothesis of climatic deterioration. It looks as if 
the North American arid zone was expanding in all 
directions between the late twelfth and early fifteenth 
centuries. Since local environmental and cultural 
factors intervene in widely separate places, it is not to be 
expected that the effects would have been strictly syn- 
chronous; twelve score years or so is not an inordinately 
large allowance. 

The apparent coincidence might be a mirage, 
however, and certainly much more factual information 
in different fields of knowledge is needed to decide 
the question; new interdisciplinary approaches will 
have to be developed, to gather and digest all the 
pertinent data on this complex problem. 

PERU 

The rise and progress of the ancient coastal Peruvian 
civilization are unequivocally related to the improve- 
ment of the techniques for full exploitation of the 
riverine oases by means of canal irrigation. Only in 
the Virú Valley has the history of ihe development 
of hydraulic engineering and its relation to populaiion 
density and settlement patterns and, by inference, 
to the origins of the State, been studied in some detail 
[86, passim, specially, p. 361-3711. Generalizaiions 
on the history of irrigation works for the remainder 
of the zone are based on that sequence, and presum- 
tively daied illusirative examples from other places. 

W e  have already seen thai agriculture-as distinct 
from cultivation supplemeiitary to an economy based 
on wild life-became established after the introduction 
of maize, and that it was expanding in the early 
centuries of the first millennium B.C. There are no 
remains of canals or vestiges of irrigated plots that can 
be attributed to this period, but the attested expansion 
of settlement away from Lhe shore-line, to bottom 
lands or on the valley margins, is presumed to be 
related to agricultural practices, possibly floodwater 
farming [22, p. 191. 
In any event the tapping of the streams for irrigaiion 

may have begun before the middle of the millennium 
in the upper narrows of the rivers [8, p. 142; 86, p. 31, 
p. 361, p. 392, and in figure 82, note the clustering of 
sites at the Quebrada de Huacapongo]. The latter 
half of the millennium-archaeologists’ Early Gallinazo 
period-saw the beginnings of large-scale irrigation 
works, with the related phenomena of marked increase 
in population and its spread into all parts of the valleys, 
and the formation of the first large agglomerated 
communities of several thousands of persons living 
within an area of two or three square kilometres 
[86, p. 3961. This indicates the attainment of a mastery 
of water control that must have required a period, 
however brief, of experimentation. 
By Late Gallinazo times (early centuries of the 

Christian era), the Virú Valley canal system extended 
from the water intakes in the narrows (Quebrada de 
Huacapongo and Upper Virú) at the foot of the 
mountains to the sea. The old canal lines and distri- 
bution of settlements suggest that at least 40 per cent 
more land was under irrigation then than nowadays 
(9,800 ha. against 7,000 ha. maximum today) [86, 
p. 394, see also p. 201. The difference probably does not 
indicate a change in the total volume of waier dis- 
charged by the gorges; it may well be due to higher 
consumption per acre required by the commercial 
crops grown today, sugarcane in Lhe upper valley and 
coiton in the lower section [5, p. 191. 
Old irrigation furrows seen in the neighbourhood 

of Huaca Gallinazo, the site naming the period, that 
seems to have been occupied uninterruptedly for 
about one thousand years (from about 500 B.C. to 
A.D. 500), are depicted by Strong and Evans [78] 
and reproduced by Willey [86]. 
In the ensuing Huancaco period, during the middle 

centuries of the first millennium, the layout of the 
canal network and the distribution of population 
clusters changed somewhat, without noticeably 
affecting the total acreage of irrigated lands or the 
number of people; the irrigation and population maxi- 
m a  attained in former times seem to have been 
maintained. However, it occurs to m e  thai the decrease 
in land usage in the sections intensively exploited in 
the previous period (according LO Willey (86, p. 393]), 
might be very significani as regards possible causes 
of the general decline of the Viríí Valley economy 
evident in later times. 
In the neighbouring valley-oasis of Moche and 

Chicarna, to the north, impressive remains of 
irrigation works are seen. Extensive canal sysiems 
were beyond reasonable doubi in operation-although 
direct dating of the vestiges has not yeL been done so 
far as I know-during the Mochica period of the archae- 
ological nomenclature; according to Collier’s and 
Willey’s synchronologies it overlaps Middle and Late 
Gallinazo and the following Huancaco periods of the 
Virú Valley, having lasted for about one thousand 
years, from before the beginning of the Christian 
era to one or two centuries prior to the close of its 
first millenary [22, 871. 
The magnitude of the engineering work involved in 

the building of the irrigation systems can be best 
evaluated by the example of the Ascope aqueduct, 
admittedly one of the greatest accomplishments of ihe 
ancieni Peruvian Indian engineers. The Ascope canal, 
generally believed to date from this period, follows 
the basal contour of the hills on the north side of the 
Chicarna Valley, being conducted across a bay of the 
plain over an embankment built of earth and adobe, 
1,400 m. long and 15 m. high above the adjacent valley 
floor, an estimated volume of 785,000 m.3 of earlhwork 
118, p. 157; 43, p. 71; 46, p. 162; 86, p. 4111. 
Also, inter-valley irrigation systems-implying the 
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constitution of multi-valley political entities-were 
supposedly built in Mochica times [22, p. 211, and a 
canal over 120 km. long deviated water from the 
Ghicama River into the lower Moche Valley, to the 
south [46; 65, p. 581. 
Willey [86, p. 3651 makes the interesting remark 

that the main irrigated section of the Virú Valley 
through the Gallinazo period was avoided in sub- 
sequent times. In my opinion, as pointed out above, 
this might have a bearing on the apparent weakening 
of the coastal States in later days, when they became 
an easy prey to the invading highlanders, coupled 
with the astonishingly disastrous effects of the Spanish 
conquest which followed, and also considering that- 
conirary to what happened in Mexico-no major 
epidemic was responsible for the decimation of the 
Indian population within half a generation after 
Pizarro’s arrival. The social chaos brought about by 
the conquest, and the ravages caused by the faction 
wars between the conquistadores, were certainly 
contributing factors, but the deep causes of the 
decline of the coastal civilizaiions might go far back 
into times earlier than the coming of the bearded 
white men. 
The trend to move away from the older fields, 

already started during Huancaco times, continued 
during the later Tomaval, L a  Plata, and Estero periods 
(from about A.D. 800 to the Spanish conquest). A new 
zone of settlement became occupied, since Tomaval 
times, along the coastal dune belt. This probably 
indicates the beginning of thé practice of utilizing 
ground moisture by means of the pukio basins (see 
below) to raise crops [28, p. 34; 86, p. 3683. From 
about 1200 onwards diminution of population is 
evident; most of the valley-bottom dwelling sites 
were abandoned, habitation clustered in the upper 
narrows of the valley and along the dune zone. Notwith- 
standing that some canal irrigation was still operative 
in 1548, at the time of Cieza’s visit, the pre-Columbian 
recession had been evidently aggravated by the effects 
of the Spanish conquest [21, chapter LXX, in which 
the Virú Valley is mentioned under the name Guañape]. 
The population decrease mentioned in the preceding 

paragraph has been tentatively explained as an effect 
of social and political disturbances [86, p. 4211, but 
the alternative hypothesis of local failure of the irri- 
gation system for purely technical reasons is worthy 
of consideration, since the abandonment of the ancient 
irrigated sections of the VirÚ seems to have begun 
before the major upheavals apparently brought 
about by the Tiahuanaco expansion and what followed. 
Soil salinization and excessive rising of the water 
table due to prolonged use of irrigation with inade- 
quate drainage may have occurred. That salts may 
have given trouble to the native iarmers in the Vir; 
Valley and elsewhere in the Peruvian coast is borne 
out by Willey’s remarlrs [86, p. 161 and also by Ford and 
Willey [28, p. 261, quoting Larco Hoyle. It is worth 

while to note that owing LO mismanagement of water 
resources, salinization is affecting nowadays the 
districts of Piura and Pisco [65, p. 20 and p. 451. 
The soldier and chronicler Pedro Cieza de León 

-writing of the Chilca Valley, 4’0 miles south from 
Lima, in about the middle of the sixteenth century- 
expresses amazement that, in a rainless country and 
with no surface running streams available for tapping, 
the place was verdant with cultivated fields. To 
grow maize, vegetables, and fruit trees, the Indians 
planted in wide and deep basins purposely dug in 
the soil, to capture underground moisture at root level 
of the plants [Zl, chapter LXXIII]. 
Willey [86, p. 161 reports that there are archaeolo- 

gical remains of this practice in the dune belt fronting 
the ocean shore at Lhe lower Virú Valley : basins 
-sometimes rectangular, sometimes irregular, varying 
in size from 100 x 50 m. to 30 x 30 m., sunk about 
1 m. below the surrounding ground surface and sepa- 
rated by ridges 2 to 4 m. high, built up with the soil 
removed from the excavations-dug by man, serve 
to retain seepage water which lies closest to the surface 
near the beach [cf. 5, p. 191 on the groundwater 
level in this valley). These basins are known locally 
as pukios. 
The only indications of age are the proximity of 

such excavated hollows to a ruin certainly dating 
from the Tomaval period (beginning towards the end 
of the first millennium A.D.) and surface potsherds 
from the same and subsequent periods, up to Colonial 
times, collected in another area of pukio cribs, both 
places being situated in the lower valley, not far 
from the beach. The concentration of habitation 
sites dating from the Tomaval and La Plata periods 
(up to the late íifteenth century) in the dune belt, 
where the groundwater level is higher, suggests a 
relationship between the shifting of population 
to that zone and the beginning of the practice [86, 
p. 3681; whether it might be older in other places is 
not known. 
Horkheimer [37, p: 781 also mentions this ancient 

technique for obtaining undersurface watering, and 
describes two such great basins, one of them about 
500 m. long and 10 m. deep, surrounded on three sides 
by ridges and open on the fourth side facing the sea. 
This basin was dug a short distance from the beach 
near the ruins of the former Chimu capital of Chanchan 
(fourteenth and fifteenth centuries), on the north 
coast of Moche Valley. The same author quotes Regal 
[64, p. 1041 for similar ancient hollows in Chala, 
Mala, Atiquipa, Atico, and Pica. Reparaz [65] 
illustrates modern cultivation of cotton utilizing 
underground moisture in the desert Pampa de Villa- 
curí, between Pisco and Ica. 
An excellent report on the state of native irrigation 

in Lhe coastal valleys in 15418-1550, after the catas- 
irophic depopulation brought about by the faction 
wars among the Spanish conquistadores, is giveii 
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by Cieza de León [21, chapters LVIII-LXXV]. This 
author had a remarkable understanding of Lhe inter- 
relationships between environment, technology, 
population, and society; Lo read his descriptions and 
pointed comments is an intellectual delight. 
On ves tiges of ancient hydraulic works, and on canals 

still in use but reportedly built in pre-Colonial times, 
see Horkheimer [37, p. 721. 

THE ANDEAN PLATEAUX 

The southern highlands of Peru and the adjacent 
section of Bolivia at the southern end of Lake Tiiicaca, 
is a zone of great historical importance, since it was 
there that the powers that were to overrun the old 
coastal civilizations and to unify the Andean area 
(the uplands as well as the Pacific coast) originated 
and grew. 
The first manifestation of these expansionisiic 

tendencies is inferred from the archaeological record of 
the spread of the Tiahuanaco style, which for a com- 
paratively short period afLer the eighth century A.D. 
extended from highland centres (Wari, near Ayacucho, 
and Tiahuanaco, Bolivia) over most of the area later 
incorporated into the Inca empire. It might have 
been diffused by penetration in some cases, by conquest 
in others. This may or may not have involved highland 
dominated political consolidation but, in any case, 
that expansion constituted a precedent of pan-Andean 
unification by influences derived from the central 
highlands, and therefore foreshadowed the Tawantin- 
suyu, the Land of the Four Quarters mastered by the 
Inca lords. 
The second. manifestation was the expansion of 

the Inca empire, from its nucleus in the high Cuzco 
Valley, to engulf the huge area thal extends from 
northern Ecuador to south central Chile and north- 
western Argentina. IL is even more astonishing that 
this was accomplished in the short span of three 
generalions (from the crowning of Pachacuti, 1438, 
to the deaih of his grandson Huayna Capac, 1527). 
On what basis of manpower, and hence, of subsis- 

tence economy and land use, did the power of these 
conquerors originally rest? The archaeology of the 
Andean hinterland being, as yet, insufficiently known, 
it would be unwarranted to attempt a historical 
account-with dimension of time-depth-of the 
development of land use methods. What follows, 
therefore, is founded mostly on the ethnographic 
record dating from the time of the Spanish conquest. 
Morphology has a paramount importance in deter- 

mining the ecological conditions over the area which 
concerns us here. The high plateaux surrounded by 
snow-covered mountain ranges are much too high 
for prosperous agriculture, or above the uppermost 
limit of culLivation (punas). The altitudes more 
favourable to diversified farming are found in a few 

mountain valleys, on the steep slopes of the deep 
river canyons, or in their narrow bottoms. The domi- 
nant type of climate in the inhabited zones is meso- 
thermal savanna, with cool summers and a winter 
dry season lasting from April or May LO October 
or November (Cwb). However, changes in altitude 
produce, of course, great thermic differences within 
very short distances. 

Sixteenth century geographical descriptions indicate 
that the Quechua Indians preferred to settle at an 
altiLude intermediate between the puna pastures and 
the tillable land of the valleys and canyons [44,, p. 3321. 
From the viewpoint of productivity, it is noteworthy 
that the Spanish feudalistic encomiendas were pre- 
ferentially established in the deeply dissected country, 
leaving Lhe high plateau region free from colonial 
interference until well after the middle of the sixteenth 
century [44*]. 
The Indians mastered this rather difficult environ- 

ment by means of altitudinal zoning of land use and 
land reclamation and soil conservation by terracing 
and irrigation. 
Altitudinal zoning of land use presupposes progres- 

sive adaptative and selective improvement of 
cultivated plants to grow under quite astringent 
environmental conditions, and the taming of grazing 
anjmals to utilize the meagre resources of the high 
punas above the uppermost limit of cultivation or in 
places otherwise unsuitable for agriculture. Maize 
was the main subsistence crop below about 3,400 m., 
although some was grown in sheltered sun-warmed 
slopes above Lake Titicaca as high as 3,900 m. [70, 
p. 4901. Diversified cultivation with maize and potatoes 
shifting in relative importance with the altitude, 
centred in the 3,000-3,500 m. zone. At higher altitudes, 
to about 4,,250 m., microihermic frost-tolerating 
plants such as quinoa (Chenopodium quinoa), bitter 
potatoes, and oca (Oxalis cremata), were grown to the 
upper limit of cultivation. Higher still (to about 
4,500 m.) the high punas were utilized for pasturage 
of llamas and alpacas. 
It is worth while to note that the efficient use of the 

available subsistence resources was greatly increased 
by the development of techniques for food preservation 
by means of drying and freezing [6, p. 15; 37, p. 561, 
and preparation of otherwise unpalatable foods, 
such as the bitter potatoes [70, p. 5161. 
The long dry season and low rain efficiency due to 

very high run-off losses, make irrigation necessary 
nearly everywhere in the deeply canyoned sections 
of the highlands, although some quick-growing crops 
can be raised without it in the rainy season [66, p. 2111, 
and the Collas of the high-plateau area of the north 
Lake Titicaca basin depended on rain-farming exclu- 
sively, being subject to famine when rains were defi- 
cient [21, chapter XCIX]. 
The valleys are generally deep and narrow, and the 

amount of irrigable bottom land very limited. Further- 
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more, valley fields are liable to be washed over by the 
flood from the precipitous slopes in the rainy season. 
The second, but not ihe least, achievement of the 

highlanders to master their environment was the 
reclamation for agriculture of the steep mountainsides 
by means of stone-faced irrigated terraces. 
Incredibly sleep slopes were conquered for culti- 

vation by terracing and sometimes whole valleys 
were reshaped and regraded. Rowe [66, p. 2101 
mentions as outstanding examples those al Yucay 
and Ollantaytambo, and Cieza de León [21, 
chapter XCI) refers with admiration to Lhose at the 
Valley of Xaquixaguana. A series of amazing air 
and ground views of terraced steep slopes in the 
Colca and Andagua valleys, north-north-west from 
Arequipa, were published by Shippee [75]. Detailed 
descriptions, maps, and photographs of ancient 
terraces in the Vilcabamba mountain range are 
found in the report of the Viking Fund’s explorations 

Irrigation canals often ran for miles along the side 
of a valley to irrigate a comparatively small terraced 
area [66, p. 2331. 
Not very much is known of the origins and deve- 

lopment of the techniques of reclamation by means of 
terrace construction, although many of the complicated 
terrace arrangements could be assigned to the first 
millennium of the Christian era, according to Bennett’s 
remarks [6, p. 21; 8, p. 1571. Sorile of the ancient 
terraces are still cultivated but many are abandoned. 

~71. 

THE CHILEAN DESERT 

The resources thai the desert extending along the 
Pacific €rom latitude 18” S. to about 30’ S. offers 
for the survival of populations with simple technologies 
are severely limited. As along the Peruvian coast to 
the north, rainfall is sporadic-no rain may fall for 
years, but here, because of the composite effects of the 
Humboldt cold current parallel to the shore and the 
prevailing winds, even the slopes of the Andes are 
dry and bare; no permanent stream reaches the ocean 
between Pisagua and Copiapó. Nevertheless, the 
dryness is lessened at times by sea fogs, especially in 
winter (climate BVkn); from jufit north of Taltal 
to the south, the desert coast is fringed by a belt 
of Zoma vegetation (annual grasses and herbs) which 
increases in width southward [9, 10, passim]. 

Similar ecological conditions may have prevailed 
for a long time in the past, for, in his excavations at 
several places along this coast, Bird [9, p. 31481 found 
no evidence for any significani change in precipitaiion 
or wild life within the known period of human occu- 
pation, extending back, presumably, over 4,000 years 
[see 87, figure 11, sequence chart]. Nor does Bennett 
[6, p. 6001 see the need to explain by climatic change 
Lhe fact that vestiges of irrigation ditches are found 

in some now waterless sections or of old algarrobo 
trees partially buried by sand; such occurrences, 
he writes, might be accounted for in other ways. 
However, a more general distribution of springs 
and groundwater is implied by the location of sites, 
and is borne out by some of Bird’s own remarks.1 
This is pointed OUL by Schaedel, who also makes an 
interesting reference to the observed changing dip 
of the water table [73, p. 341. 
Prior to the introduction of agriculture the early 

inhabitants of the driest sections had no alternative 
but marine Subsistence, since game must have been 
always too scarce to be even of secondary economic 
importance. The choice of camp locations for the 
shore-dwelling people was further restricted by the 
prevalence of heavy seas, scarcity of sheltered places, 
and irregular availability of drinking water. South 
of the 25’ parallel, land game, supported in limited 
numbers by the coastal vegetation, allowed them to 
supplement fishing with hunting; also, a water supply 
is less difficult to secure. Agricultural expansion was 
restricted by the limited volume of water available 
for irrigation and the small size of the valley botioms; 
along much of the coast between Arica and Coquimbo, 
farming never replaced entirely the mode of life based 
on fishing and hunting. 
In the far north, incipient cultivation appears 

perhaps at about the beginning of the Christian era,” 
with maize, gourds, and cotton, the latter possibly 
cultivated but perhaps wild [9, p. 24*8]. However, 
the pattern of well-established agriculture found 
in Inca times in the valleys of the Arica hinterland- 
the year-round flowing Lluta River and the Azapa, 
of intermittent streams now running only with occa- 
sional floods-does not appear to have developed 
until the close of the first millennium, coinciding 
with the Tiahuanaco expansion from the central 
Andes that also influenced this zone. 
Farther south, the incipient farming stage is repre- 

sented by maize, gourds, and cotton, found in the 
trash deposits at the ancient fishing station of Punta 
Pichalo, by Pisagua, showing evidence of cultivation 
in the vicinity of that site beginning, apparently, 
very early in the Christian era. Nevertheless, the 
economy of these people basically depended on the 
products of the sea : fish, shell-fish, and sea mammals 
[9, p. 273 and p. 276; 8, p. 921. 
In the Atacama hinierland, population centred 

in the Calama oasis, on the Loa River. Irrigated 
agriculture was the basis of Atacameño subsistence, 
and aqueducts are known that conveyed water for 
considerable distances ; however, the very limited 
productivity of the area impeded any growth. Herding 
was also of great importance; the llamas and alpacas 

1. At Qniani ‘perhaps water was formerly secured from a well or 6pP”ng in the 
bottom of the gully’; at Puutu Pichalo ‘perhaps, in former times, u spring 
was available’ [9, p. 232 and p. 2531. 

2. In the plinsi Quiani 2, possibly oontempornncous with Pichalo 1 [cf. Y, 
p. 277; 07, p. 3701. 
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grazing in the neighbouring punas supplied meat, 
as well as wool and other raw materials. Llamas also 
served for transporiation, as pack animals, and there 
is evidence that the Aiacameños acted as middlemen 
between the coast and the inlerior, to norLh-western 
Argentina [6, p. 38; 7, p. 600, and p. 606; 8, p. 901. 
The Atacameño culture of the Chilean oasis loolcs 
like a peripheral extension of a large zone of puns- 
adapted mixed economy, i.e., combined, limited 
oasis irrigated agriculture and herding, as mutually 
complementary activities for the exploitaiion of tho 
meagre resources of the environment (Schaedel and 
Munizaga [73, p. 331 mentioning Bowman). The anti- 
quity of this pattern in the Chilean section does 
not seem to be earlier than the latter half of the first 
millennium of the Christian era. 
The southern Andean arid zone agriculture-and- 

grazing pattern of land use extended over all north- 
western Argentina-the cold desert high punas, 
the intermontane dry valleys, and the piedmont 
steppes and savannas to the Pampean Sierras-and 
the zone of transition between the northern desert 
and the cenlral Chilean ' mediterranean' climates, 
in the present day provinces of Atacama and Coquimbo. 
The remains of agricultural terraces are found in the 

high punas, the Quebrada de Humahuaca, and the 
Santa Victoria range in the n0rth.l Their frequency 
appears to diminish to the south, although the CaIcha- 
quí Diaguita that inhabited the southern part of 
the zone are credited with irrigation and stone-faced 
terraces for €arming [8, p. 881.2 Irrigation was impor- 
tant in the Quebrada de Humahuaca. Speaking 
in general, for the whole area, both irrigated and rain- 
farming terraces are mentioned in the available 
summaries, but their respective distribution does not 
seem to have been mapped in detail. 
The extension of the limited intensive agriculture 

and grazing pattern of land use over north-western 

Argentina does not, however, seem older that the 
lalter part of the first millennium of the Christian 
era, as in northern Chile. It was evidently derived 
from infiuences emanating from the central Andes, 
that also broughi. into these regions elements of the 
Tiahuanaco style. Intensity diminishes towards the 
periphery. 
Although incipient farming (with maize, at least), 

possibly depending on heavy summer rainfall, appears 
earlier than that-perhaps in the early centuries of Lhe 
Christian era-in La Candelaria section (climate Cwa) 
of the Province of Salta, no details are known of this 
cullure's pattern of land use [85, p. 6631 [for dating 
see 87, figure 12, sequence chart]. 
At the time of the Spanish exploration, river ffood- 

plain farming was practised in the tierru buñuda along 
the Dulce and the Salado rivers of Santiago del 
Estero ; native economy depended upon cultivation 
of maize, quinoa, beans, and pumpkins, gathering of 
wild plants, hunting and fishing, and llama herds 
[55, p. 6571. Further south, the Comechingón Indians 
of the provinces of Córdoba and San Luis, whose 
dwelling sites were found near streams or small springs, 
are also credited with cultivation and herding by the 
early Spanishreports [i, p. 6761. This marks the extreme 
south-eastern limit of native American cultivation. 
Beyond, the Pampas and Patagonia were inhabited 
by nomadíc hunting bands. 

1. Por an example of irrigrited terraces in the high punas see Krapovickas 
[42, p. 111 on Tebenchique or Tebenquiche, an ancient settlement at 
3,500 m. altitude, in the bleak nren north-west of Antofagasta de la Sierra. 
As typical examples of terraces in the Puna, Casnnovn [i'i, p. 6201 mentions 
stepped hillsides at Snyate and Casabindo; it is not clear from this reference 
whether those were irrigated or dry. He also mentions Coctaca and Aiîarcito 
in the Quebrada de Humnhnaca. In the Santa Victoria arca, Miirquez 
Idiranda [56, p. 241 mentions Higueras and Euairn-hunsi. 

2. However, Miirquez Miranda [54, p. 6401 states that in the whole Dinguitn 
aren agriculture depended on rain, and that terraces (npparently found 
only or mostly in the Cnlchapi sub-area) were a means of increasing rain 
eficiency, while Bennett [G, p. 401 minimizes the importanco of Diaguita 
terracing. 
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Despite the natural handicaps imposed by its climate, 
the arid western portion of the United States plays an 
important role in the economy of the nation. This has 
not always been the case. In earlier times, it was a 
great empty void-neither contributing to nor detract- 
ing from the value of the country. Later it became 
a nearly impassable barrier between two prospering 
areas, and had the sense of unity and common interest 
betwcen the two parts not been so strong, it might 
well have caused a splitting of the one country into 
two separate entities. Today the two parts are strongly 
bound together, thanks to modern technology, and 
the intervening area-the desert-is rapidly developing 
in its own right. In the pages that follow, w e  will 
trace the economic development of the arid portion, 
show its present situation, and attempt to predict 
its immediate future.1 

THE PHYSICAL SETTING 

Since we are concerned only with the arid regions, 
the area will be largely confined to the intermontane 
west-to the area between the coastal ranges and 
the main divide of the Rocky Mountains. Only in 
southern New Mexico where the Rockies are absent as 
a bordering range, does the arid land extend eastward 
into the edges of the centrallowlands of North America; 
and only at the Mexican border itself do arid conditions 
extend westward to the Pacific side of the coastal 
mountains. Large tracts of semi-arid lands in the 
north-western States of the Union and in the Great 
Plains are omitted by definition. 

L A N D F O R M S  

Mountain- and bolson-topography characterizes the 
greater part of the North American desert. High 
rugged mountains of complex geology, arranged in 

linear patterns often resulting from block-faulting, 
rise abruptly above broad alluvium-6lled basins. In 
some areas, drainage is centripetal, terminating 
in a central plqa or salt flat. Elsewhere, basins have 
been amalgamated, and drainage is external, by 
way of the Colorado or the Rio Grande. The basins 
are flanked by tremendous arrays of coalesced alluvial 
fans, gravelly or sandy in composition, smooth 
surfaced, and sloping at low angles toward the distant 
basin centre. Precipitation falls chiefly in the moun- 
tains, yet only rarely are permanent streams or even 
springs to be discovered there, for the run-off is 
rapid and there is little soil to retain a supply. Surface 
water is almost totally lacking in the basins. In many 
bolsons, an abundant subterranean supply is available 
in the underlying alluvium ; its quality usually varies 
from good about the margins of the bolson to highly 
saline near the central playa. 
The major streams, such as the Rio Grande and the 

Colorado and the tributaries of the latter-the Salt, 
the Gila and the Virgin-are exotic streams rising in 
the better-watered lands peripheral to the desert 
and flowing from bolson to bolson across it. Others, 
such as the Mojave and the Humboldt, similarly pass 
from basin to basin, but eventually terminate in the 
desert itself, losing their waters so rapidly by evapo- 
ration that they never reach the sea. 
The plateaux of north-eastern Arizona and southern 

Utah, and the plains and plateaux of eastern N e w  
Mexico and adjacent Texas are exceptions to the 
above. There, nearly horizontal sedimentary strata, 
some with overlying lava flows, create areas of sweep- 
ing skylines and great flatness. In some places, however, 
these plateaux have been etched into majestic 
relief through the carving of deep canyons by their 
streams; there, bare rock predonzinates and the land 
is worthless for agriculture and of low value even 
for grazing. 

1. No attention is given herein to the extraction of minerals. 
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CLIMAT E 

Among these widely diverse landforms, the distribution 
of precipilation is extremely varied. In the mountain 
and bolson country, the ranges often raise their 
heads up out of the desert into a subhumid environ- 
ment, thanks to the high incidence of orographic 
precipitaiion; but the adjacent basins very often have 
annual totals of less than three inches of precipitation. 
On the western and southern faces of the great plaleaux 
of northern Arizona, too, orographic precipitation is 
heavy owing to the rise of air up the escarpment; 
yet on the surface of the plateau a few score miles to 
the leeward of the escarpment edge, desert conditions 
prevail. In south-western Arizona, and in southern 
N e w  Mexico, where none of the ranges reaches high 
enough to cause orographic rainfall, desert conditions 
prevail throughout the laod. 
Moisture comes to the desert country from two 

different sources, and falls in two different forms at 
opposite times of the year in two distinct regions. From 
the warm Gulf of Mexico, moist air is drawn in during 
the summer across southern Texas and occasionally 
penetrates the deserts of N e w  Mexico, Arizona and 
even south-eastern California. The air is expanded by 
strong surface heating, convectional currents develop 
and short-lived torrential downpours ensue. From 
the Pacific, in contrast, moisture-laden air passes 
inland during winter in association with frontal 
disturbances, and soaking rains occur over the deserts 
as far south as central California and the Arizona 
Plateaux. It is at such times that the orographic 
factor is strongly exerted. Thus two rainfall régimes 
characterize the American desert-winter rains in the 
north-west, and summer rains in the south-east. 
A large area in south-eastern California and south- 
western Arizona lying between these two zones, seldom 
receives either winter or summer precipitation in 
abundance, and hence is the driest part of the country. 
Thermally, the desert may be divided into two 

zones, based upon the mean minimum temperatures 
of the coldest month. One zone, consisting chiefly 
of the Salt and Gila River valleys of Arizona, the lower 
Colorado River valley, and the Imperial and Coachella 
valleys of California, has January minima normally 
above freezing,, and hence is close to being a tropical 
desert. The remainder of the western desert country 
has cool to cold winters. D a w n  temperatures in Nevada, 
the plateaux of Arizona and the higher basins and 
valleys of New Mexico often approach zero (Fahren- 
heit) in January. 

VEGETATION 

From the standpoint of its economic value, the vegeta- 
tion of the American desert can he divided into six 
regional types : short grass, desert grass, pinyon- 

juniper, sagebrush, creosote bush and Sonoran, 
The south-eastern deserts, areas of summer rainfall, 

are predominantly grasslands, whereas in the winter 
rainfall country of the north-west, brush is dominant. 
Large expanses of the plateaux of Arizona, New 
Mexico and western Texas have an open cover of shori 
grass, which provides excellent grazing. The dominant 
species, blue grama (Bouteloua gracilis) and buffalo 
grass (Buchloe dactyloides), are both short in stature 
and highly nutritious. W h e n  overgrazed, however, 
as many of these ranges have been, the grasses are 
replaced by various worthless shrubs, including 
Yucca spp. and Gutierrezia sarothrae. For the most 
part, these grasslands constitute land capable of being 
grazed the year round. 
Open stands of desert grass cover the bolsons of 

south-eastern Arizona and southern New Mexico. 
While pure stands of grass are sometimes encountered, 
the grass is usually accompanied by a considerable 
scattering of shrubs, notably creosote bush (Larrea 
tridentata) soapweed (Yucca elata), catclaw (Acacia 
greggii), mesquite (Prosopis julijora) and various cacti, 
especially Opuntia spp. The major grass is the highly 
nutritious black grama (Bouteloua eriopoda). Overgraz- 
ing tends to increase the shrub cover, in part by the 
increase of minor species such as Gutierrezia sarothrae 
and Aplopappus fruticosus, and in part by an increase 
in the amount of cactus. These year-round grazing 
ranges are surprisingly productive, being capable of 
supporting an average of fifteen head of cattle per 
square mile. 
The winter rain areas of the American desert are 

characterized by an open cover of shrubs. Over wide 
reaches of the cooler desert (Nevada, western Utah 
and adjacent areas), the Great Basin sagebrush 
(Artemisia tridentata) is the dominant plant, accom- 
panied by yellowbrush (Chrysothamnus viscidisorus) 
and shadscale (Atriplex conferti$ora). These shrubs 
provide good forage, particularly for sheep. As a 
result of overstocking, many areas have been badly 
overgrazed. The normal carrying capacity for cattle 
is between ten and fifteen acres per animal per month. 
The deserts of California and north-western 

Arizona have a very open cover of creosote bush 
(Larrea tridentata) and burroweed (Franseria durnosa). 
The former is worthless as a browse plant. Herbaceous 
annuals and some grasses flourish for a few weeks 
in the spring of wet years, and are grazed by herds 
or flocks transported to the area on a temporary 
basis. The permanent carrying capacity is very low, 
probably requiring more than 100 acres per head 
of cattle. 
In southern Arizona, where the summer rainfall 

is heavier than in adjacent California, large cacti and 
thorny shrubs and sub-trees characteristic of nearby 
Sonora dominate the vegetation. Although a scattering 
of pass occurs, very little nutritious feed for animals 
is available, and most o€ the areais essentially ungrazed, 
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HISTORY 

EXPLORATION A N D  EARLY SETTLEMENT 

Until the middle of the nineteenth century the vast 
arid and semi-arid region lying between the Rocky 
Mountains and the ranges bordering the Pacific 
Ocean wa5 virtually unknown to the white man. 
A century earlier Spanish missionaries had penetrated 
a small part of southern Arizona, had founded a 
scattering of missions there and had made occasional 
trips across the intervening desert to the chain of 
similar missions along the California coast. During 
and following the 1820s parties of American trappers 
and traders had penetrated the area in search of 
beaver pelts. Neither group wrote detailed descrip- 
tions nor published maps of the region and hence there 
was virtually no knowledge of it in the outside world. 
During the 1840s this skuation began to change. 

Between 184r2 and 1848, General John C. Fremont 
made a series of scientific expeditions into California 
and Oregon and reported in detail on the country 
visited. In 1848 the entire territory comprising the 
present states of California, Nevada, Utah and 
Arizona, much of New Mexico and Colorado and a 
portion of Wyoming was ceded LO the United States 
by Mexico. Almost simultaneously gold was discovered 
in California. During the next decade tens of thousands 
of people crossed the region en route to the gold 
fields, but their passage actually had little effect 
upon it. The area lay virtually empty and unused 
until the latter part of Lhe 1860s. 
Actually the area was and had been since time imme- 

morial sparsely inhabited by migratory Indian tribes 
with a hunting and gathering culture. These people 
were generally considered by the white man as having 
no rights whatever. Where weak, scattered and 
clisunified, Lhey were simply ignored by the white 
man or were displaced by him if in his way. Where 
war-like and united under a strong leader, military 
measures were taken to suppress and subjugate them. 
From the ownersbip point of view it was generally 
assumed that the land was unoccupied and unowned 
and hence open to claim by anyone. In some instances 
title to vast areas was obtained by the federal govern- 
ment through treaties with the resident Indian tribe.l 
It is most unfortunate that these vast unoccupied 

areas could not have been systematically studied 
and subdivided prior to settlement. Had such been 
possible, natural and human resources could have 
been conserved. However, Lhe American administrative 
and political system was not yet ready for such an 
orderly procedure. 
In the late 1860s an influx of potential settlers 

began, chiefly comprised of graziers from the semi- 
arid region farther east. At this time conditions in 
the arid west were far from stable. The nation was 

recovering from the Civil War-a long and all- 
consuming conflict waged between the northern 
and southern parts of the nation primarily over the 
issue of slavery. The sparsely settled western terri- 
tories were poorly adminisLered and the military 
and police forces were inadequate. Consequently the 
period was one in which force and violence often 
triumphed over justice and the gun ofLen took the 
place of the law. Some of the newcomers were recently 
discharged or even renegade soldiers of both sides- 
men accustomed to violence and not loath to continue 
it in a new area. The chaos that resulted has been 
the background for many of the ‘Wild West’ motion 
pictures and stories. 

L A N D  OWNERSHIP 

The ensuing half-century was the era of the ‘open 
range’. Graziers laid claim to the widely-separated 
watering places and thus held practical, although 
not legal, control over vast waterless grazing lands. 
In course of time, the authority of the General Land 
Office was extended to the range country, and claims 
to the water sources were legalized under its procedures. 
Since the General Land Office exerted a profound 

effect upon settlement in the arid west, it is appro- 
priate here LO review that organization and its policies. 

The General Land Ofice system 

The General Land Office was an agency of the federal 
government created to administer and apportion 
the public lands of the United States. Under its 
auspices a citizen could acquire title to the public 
land by several different methods: 
1. By pre-emption, a citizen having settled on 160 

acres of land before its being officially opened for 
settlement and having erected a dwelling and 
having made certain prescribed improvements, 
could become the owner of the tract by paying 
$1.25 or $2.50 per acre, depending upon the location 
of the plot relative to the existing railways. 

2. Lands were sold to the highest bidder at public 
auction. 

3. Lands offered but not sold at such public auction 
could be purchased at $1.25 or $2.50 per acre. 

4. Under the Homestead Act any citizen could obtain 
title to 160 acres by paying a nominal filing fee 
(usually $lo), residing on the land at least 7 months 
per year for a period of 5 years, and making certain 
improvements on the land. 

1. The Indian irrigation agriculturalists w e r e  treated in quite another manner. 
Their history and present situation wili he dealt rvith later on in this 
chapter. 
In certain areas which had heen scttlcd by the Spanish or Mexicans 

carlier, existing land grants were recognized and validated, and hence did 
not fail within the ontegories of federal lands. The chief area of such land 
holdings was in the Rio Grande Valley of N e w  Mexico. The Spanish settle- 
ments in California did not extend into the a n d  tracis. 
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The General Land Office system of land division 
had been devised for the apporiionment of large 
unoccupied tracts east of the Mississippi River. For 
those humid and rather uniform plains, a reciangular 
survey plan was originated, dividing ihe landscape 
into parcels of 80 or 160 acres each. As the American 
frontier of settlements pushed westwards, this system 
of land apporiionment went along with it. Whether 
the rainfall was 4~0 inches or 10 inches, whether the 
area was suitable for intensive agriculture or for 
range grazing, whether it consisted of flat monotonous 
plains or high rugged mountains, the basic unit of 
land ownership was not permitted to exceed 160 acres. 
In the humid area of the United States for which 

the system was conceived, 160 acres was a generous 
allotment of land upon which a family unit could, by 
either the earlier subsistence economy or by the later 
commercial agriculiure, maintain itself at a moderate 
to high standard of living. On the other hand, it is 
obvious that land holdings of such small size are 
totally inadequate for enterprises in a semi-arid or 
arid pastoral region. In most arid regions, 160 acres 
would support no more than 2 head of cattle even if 
a water supply were included on the holdings; and 
most tracts would be totally waterless. 
Realizing that these provisions were inadequate 

for the handling of irrigable desert tracts, the Desert 
Land Act of 1877 provided that title might be secured 
to a full section (1 square mile or 64’0 acres) by the 
payment of 25 cents per acre at the time of filing of 
the claim and by reclaiming part of the land within 
3 years and paying an additional $1 per acre at that 
time. The Act had only a limited effect however. 
The law required that part of the land be irrigated- 
and most of the land in the arid west was not irrigable. 
At the same time, irrigable land could be had vir- 
tually free of cost under the Homestead Act. Thus the 
Desert Land Act did not improve the situation in the 
irrigable tracts, nor did it do anything to make range 
land available to the graziers. 

In 1879 a federal commission headed by John 
Wesley Powell turned in its report on the govern- 
mental policies concerning the public lands of the 
arid west. The report stated that ‘a very great pro- 
portion of the lands of the west cannot become seltled 
and pass into private ownership because under the 
terms of the existing laws it is not desirable for settlers 
to acquire them.. . . The Homestead and Pre-emption 
Laws are not suited for securing the seitlement of 
more than an insignificant portion of the couníry’. 
The report went on to suggest : 

1. That land should be scientifically appraised and 
classified before settlement and that each cate- 
gory should be handled under laws specifically 
applicable only LO it. 

2. That land must be disposed o€ in quantities suffi- 
cien1 for the establishment of a working enterprise 
and Lhat the price of such a grant must be kept low. 

At least 48 square miles (2,560 acres) was proposed 
as a minimum. 

3. That farm (ranch) residences be grouped to permit 
a form of social life not possible on isolated ranch- 
steads. 

4. That surveying should deviate from the rectangular 
sysLems where necessary to properly divide waters. 

5. Thai because of the great expense required to 
develop irrigation, irrigation schemes should be 
undertaken under the auspices of the federal govern- 
ment, 

Unfortunately no action was taken by the Congress 
of the United States on these suggestions. The General 
Land Office had for long been so deeply involved in 
politics that most legislators were reluctant to alter 
it, either in personnel or in policy; and the programme 
was so visionary as to be far ahead of the thinking 
of its time. Today, in looking back over the past, it 
is apparent that it was an ideal and logical group of 
suggestions, but in its time it was so regarded by only 
a handful of legislators, and its influence was not great. 
Its greatest effect was to attract public attention to 
the €act that the arable public lands were fast ap- 
proaching exhaustion. 

BEGINNINGS OF CONSERVATION 

During the next half-century publie opinion changed 
greatly regarding the role of the federal government in 
the arid west. The 1890s saw a great rise in public 
and political interest in conservation measures. In 
1891 the first National Forest was created, with the 
intention of conserving €or continuing use into the 
future the forest lands atop the mountains of the west 
and the grazing areas that lay therein. While these 
were not themselves arid land, they had a most salu- 
tary effect upon the desert areas nearby in providing 
summer grazing for flocks and herds from those less 
well-provided regions. While small additions were 
made to the national forest holdings during the 1890s, 
the movement received its greatest impetus under 
President Theodore Roosevelt after 1906. 
But while tens of millions of acres were set aside 

for forest conservation, the rest of the public domain 
lay unadministered for decades. The grazing lands 
remained open range, grazed by holders of local water 
rights in any way they deemed advantageous. Many 
of these operations covered tremendous areas. Some 
were operated by private individuals, others by large 
companies. Since ranchers had neither permanent 
control nor legal rights to the range, there was little 
tendency towards conscrvation measures, or towards 
improvement of the existing conditions. Many of the 
herds were quite migralory, trxversing great distances 
over a period of years. The land was noi obtainable 
under any legal system then in existence. 
In 1916 an attemp1 to remedy this situation, through 
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the passage of the Stock-raising Homestead Act proved 
quite fruitless. In theory, this act was designed to 
give cattlemen an area large enough to raise 50 head 
of cattle -an economic unit supposedly large enough 
to support a family. The area agreed upon was one 
section, or 640 acres. In an area where from 50 to 100 
acres are required to support a single beef animal, 
such a proposal was far from realistic; the short- 
sightedness of legislators and administrators of that 
day regarding the nature of Lhe west is astounding. 
As a result, the act had little effect on landholdings 
in Lhe desert west and Lhe bulk of the public domain 
still remained uncontrolled and unadministered. 
During the long period of unrestricted grazing the 

range country was subjected to terrible misuse. The 
philosophy of ‘first come first served’ created vast 
barren areas. The range was always overstocked, 
ranchers were not interested in grassland management, 
and, under the form of uncontrolled grazing that 
existed, everything edible was consumed by the flocks 
or herds. The result is that some technicians today 
estimate the carrying capacity of the range at only 
two-fifths of what it was three-quarters of a century 
ago. 

T H E  TAYLOR GRAZING ACT 

While many conservationists realized the short- 
comings of this situation, nothing really tangible was 
done about it until the passage of the Taylor Grazing 
Act in 1934. This legislation stabilized the situation 
existing on the open range by providing for the creation 
of grazing districts wiihin which grazing would be 
permitted under management and control of the 
federal government, and also for the leasing of lands 
outside such districts for private use. At the same time, 
it finally put into operation one of the recommenda- 
tions made by Powell 55 years earlier : a general 
land classification authoi-tty was established. Where 
the land was classified as suitable for agricultural use, 
homestead claims were permitted. All other land 
came under the jurisdiction of the Grazing Service 
of the Department of the Interior (later this activity 
was transferred to the Bureau of Land Management). 
The Act specified that ‘reasonable’ fees should be. 

charged for the use of public land by graziers. The 
original intention was that these fees should be low 
enough to provide only for the cost of administering 
the Act. In practice, no fee was charged for the first 
year. Subsequently a nominal €ee (5 cents per head 
per month for cattle and 1 cent per head per month 
for sheep) was established. The rate charged was the 
same in all areas, regardless of the nature of the range. 
These fees proved to be totally impractical, but efforts 
to alter them were unsuccessful, since a three-fold 
impasse developed in Congress: (a) The Grazing 
Service asked for direct appropriations from Congress ; 

(b) the Congressional Appropriations Committee 
demanded that the fees be raised to cover the cost 
of the Grazing Service; (c) western senators, repre- 
senting their cattlemen constituents, demanded 
continuation of the low fees. 
The Act was finally amended in 1947 by providing 

that the fees must be large enough to support the 
administrative costs, and thaL the administration was 
to be measurably increased at the local level. The total 
fee was to be clivided into two parts: a grazing fee 
(as previously), and a range improvement fee. In 1951 
the fees totalled 12 cents per head per month for 
cattle, and 2.4 cents per head per month for sheep. 
In 1955 it was again revised upwards, this time being 
made variable in order to conform with the current 
livestock prices. One serious fallacy still remains in the 
writer’s opinion, however : the same fees are charged 
in all grazing districts regardless of the seasonality 
of use or the amount of forage available. 
Previous to 1947, 50 per cent of the fees were paid 

to the local county, which turned it over to the local 
grazing district for use in making range improvements; 
and 25 per cent was used directly by the federal govern- 
ment for the same purpose. The remainder was paid 
into the federal treasury. Since 1947 only 12.5 per cent 
is paid to the counties; the remainder is paid into the 
federal treasury. Essentially equal amounts are Lhen 
expended by the federal government on range im- 
provement and administration. 

Under federal control, the number of animals is 
regulated to approximate a balance between range 
use and the forage-prodiicing capacity of the lands. 
It was fortunate that the Act was passed and 

implemented during the depths of the drought and 
depression of the middle 19309, for during that period 
the numbers of animals were already sharply reduced. 
The administration therefore had only the problem 
of not permitting their increase, rather than of having 
to bring about a drastic reduction. For administrative 
purposes a system of range inspection and evaluation 
was inaugurated to check on different stocking and 
management programmes. Relative stability has 
characterized the western deseri ranges since about 
1937. 

THE GRAZING INDUSTRY 

T E E  OPEN R A N G E  

MOSL of the elemenis of the open range grazing of the 
early days of the arid west have been well preserved 
in song, story and motion picture, so that everywhere 
in the world today this era of the cowboy, the Texas 
Longhorn cattle, and the great trail drives is well 
known. Because of the rigorous conditions existing 
then, Texas Longhorn cattle, well adapted to tra- 
velling long distances on little food and going with a 
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minimum of water, were the\characteristic breed. These 
rangy animals produced only minimal quantities of 
low-quality meat but the very fact that they were 
able to exist under Lhe prevailing conditions made 
them Lhe dominan1 animal of the range. 
Control of the land was exerted through control 

of the water supply. By law or by force, the cattle 
owner retained control of water holes, springs or 
river banks and was thereby able to graze his animals 
over sweeping expanses of territory. By mutual 
agreement with other cattlemen the herd sometimes 
travelled hundreds of miles cross-country, utilizing 
neighbours’ water holes, in search of more verdant 
pastures. In times of drought, herds were often 
combined and driven tremendous distances. Such 
mixing of herds resulted in problems of the recognition 
of ownership of individual animals, a problem easily 
solved by branding. At least once a year a ‘round-up’ 
was held at which time all the animals of a region 
were driven to a central point where the cattlemen 
of the district gathered. There Lhe calves were branded 
to conform wiLh the ownership mark of their mother 
and at the same time those animals to be sold to 
market were selected, 
The industry suffered seriously from lack of trans- 

portation. The market for beef was centred principally 
in the rising urban areas of the eastern part of the 
United States, one to two thousand miles away. 
Railroads bad not yet penetrated the desert country. 
Consequently, it was necessary to drive these animals 
overland to the nearest railhead. 
The famous trail driving of Texas (which gave rise 

to the Chisholm and Goodnight trails) stemmed from 
areas of semi-arid rather than arid country. In the 
arid region cattle were neither as numerous nor as 
concentrated as in the Texas region and hence trails 
were not as well established; but the problem was the 
same and it was met in the same manner. In the early 
days of the range grazing of the arid west, it was not 
uncommon for cattle to be driven a thousand miles 
to market. 
The result was, of course, a great loss of weight and 

much toughening of the meat. A high-bred animal 
of today would not survive on such a trek and if it 
did the meat would be of such low quality as to be 
unmarketable by modern standards. 
The cattlemen of that period led a semi-migratory 

existence. Most outfits had a home ranch based on 
some reliable water supply and usually with good 
grazing in the environment; but with the herd spread 
over wide ranges of territory and having to be shifted 
over even greater areas in times of drought, the cattle- 
man did not spend much of his Lime at home. Cattle 
were herded by cowboys on horseback, supplies were 
hauled in wagons drawn by teams of mules, and a 
party on the range became very nearly self-suficient. 
Over large areas of Lhe desert country, rains come 

in the form of convectional summer thunder showers. 

Since these are very irregular in their distribution, 
so also is the occursence of grass and other forage. 
Consequently caltlemen ranged over wide expanses 
of country in search of grazing for their herds. On the 
other hand, in the mounLain and bolson country 
of Nevada, in the valleys adjacent to the Sierra Nevada, 
and in the plaleau country of Utah and northern 
Arizona, animals often wintered in the valley bottoms 
and summered in the grassy meadows of the higher 
mountain and plateau areas. This transhumance 
took on a fairly seasonal regularity which came to be 
stabilized in many cases after the establishment 
of the NaLional Forests in the better-watered, higher 
areas. 
In addition to the home ranch, the cattleman 

often established a string of out-riders’ camps’ or 
‘line camps’. When necessary, a party of cowboys 
would leave the home ranch and ride cross-country 
to the camp, taking with them enough supplies to last 
the expected duration of activity. Establishing 
themselves temporarily at the camp, they would carry 
on cattle herding operations from that base. 

SHEEP VERSUS CATTLE 

The chief animals of the open range were cattle but 
in some areas sheep were of considerable importance. 
The relative merits of sheep versus cat& was for a 
long time the basis for great disagreement among 
graziers. Cattlemen complained bitterly of the depre- 
dations of sheep on the range. Their tendency to 
pull up grass, roois and all, thereby destroying the 
plant and leaving the ground open to wind and water 
erosion, is in marked contrast to the habits of the 
cows which-merely nibble off the tops of the grass, 
leaving the roots intact. At the same time cattle 
have the tendency to wander separately and graze 
individually, whereas the sheep, travelling in a com- 
pact mass, eat and trample everything in their path. 
The disagreements between sheepmen and cattlemen 

went far beyond the stages of a technical discussion. 
Shooting affrays occurred, and homicide sometimes 
resuked. The repercussions reached into Congress 
where the much stronger and wealthier cattle interests 
were sometimes very successful in hampering by 
law the operations of sheepmen. 
Actually sheep are more adaptable to the arid 

conditions of the south-west than are cattle. Requiring 
smaller units of forage per animal they are better 
able to make use of the sparse vegetation of the region. 
But because of strong popular feeling they were totally 
eliminated from many area*. That this prejudice 
is quite unfounded and that the two are not incom- 
patible is well shown by the fact that in Mormon 
cornmunilies sheep and catlle live side by side and 
graze on adjacent ranges and in many cases one person 
is at the same momenL a sheepman and a cattleman. 
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CATTLE VERSUS FARMING 

W h e n  the Homestead and Desert Land Acts were 
extended LO the desert areas of the west, lands became 
open for settlcmcnL by farmers. In most cases the cattle 
men ranging the territory or the cowboys in his employ 
took up legal claims upon all of the existing water 
holes and thereby ensured Lhe continued domination 
of the surrounding grazing lands. However, in many 
instances, due to oversight, improper filing of claims 
or simply because of the belief in the persuasive power 
of their own force, cattlemen neglected to do this and 
were suddenly chagrined to find homesteaders filing 
claims on land that had long been considered the 
property of the cattlemen. Under the law the home- 
steader was forced to clear for cultivation and plant 
a crop upon a portion of his land in order to prove 
title to it. To do so required, of course, the fencing 
of the property to keep out the cattle. To thus fence 
off a water hole meant that miles of adjacent country 
would become worthless for grazing purposes. As a 
result, such fencing frequently led to violence. The 
cattleman considered the use of the waters his right 
since he had been in the area for a long time and had 
made regular use of them. On the other hand the 
law backed the homesteaders who had done legally 
what the cattlemen neglected to do. The resulting 
difference of opinion had no easy solution. 
Not only as the result of such conflicts, but because 

of the wide difference in the nature of the ways of life, 
the cattlemen had no respect for and no desire to 
become farmers. In many ways this was most unfor- 
tunate, for the dependence upon the natural forage 
of the arid lands is unreliable to say the least. When 
emotion could be removed from the situation, the 
homesteader and the cattleman found many reasons 
for interdependence. Crops of alfalfa raised by the 
homesteader could be stored for use by cattlemen 
during times of drought and lack of natural feed. 
In course of time many cattlemen came to develop 
irrigated alfalfa land for their own uses and thus 
became in part farmers themselves. 
Through most of the intermountain regions today, 

irrigation agriculture is a standard supplement to 
range operations wherever water is available. Com- 
binations of public range and private irrigated 
homesteads are common everywhere. 

STABILIZATION OF R A N C H I NG 

During the 1870s, barbed wire had become plentiful 
and relatively inexpensive. But fences were basically 
inimical to the idea of the open range in the mind 
of the rancher. Since rains were extremely sporadic 
and widely spread, the rancher deemed it necessary 
to be able to graze his animals over an unlimited 
expanse of territory and the construction of fences 

prevented his doing so. However, as many ranchers 
began developing their o w n  sources of alFalfa and 
other supplementary feeds, the necessity for such 
long drives came to be less imporlant, and a sense 
of ownership of various areas of range began to arise 
in their minds. Eventually by common consent drift 
fences came to be constructed along what were recog- 
nized as common boundary lines and thcrehy the 
open range as such ceased LO exist. Such fencing was 
at first actually illegal since it enclosed for private use 
portions of the public domain which had never been 
allocated to any individual and which as w e  have 
seen above, could not legally be so allocated. It was 
not until the establishment of Lhe Taylor Grazing 
Act in the mid-1930s that such practices were legalized. 
Technological advances gradually altered the nature 

of the cattle industry. By far the most important of 
these was the extension of the railway lines into the 
desert area thereby providing rapid transportaLion of 
animals to market without accompanying loss of 
weight. Such railways were not built for the purpose 
of serving the cattleman, Rather they were trans- 
continental railways built to connect the east coast 
with the west, but since they passed through the 
arid regions, the cattlemen took advantage of their 
presence to get their cattle to market. The principal 
railway construction in the region was during the 
period from 1875 to the turn of the century. 
The demand of the eastern markets for improved 

quality of beef resulted in the selective breeding of 
cattle on stock farms and the introduction of higher 
grade animals on to the ranges of the west. With 
the termination of the period of the greai cattle drives 
and the improving of grazing and watering conditions 
on the range, the hardiness oî the Texas Longhorn 
was no longer essential and the breed was replaced 
gradually by other less hardy but higher quality 
animals. In time the Hereford, product of the humid 
British Isles but eventually quite adapted to the 
arid conditions, came to be the dominant breed. 
To combat some of the fly-borne tropical diseases 
in southern Texas, Brahman cattle were imported 
from India and cross-bred with animals of better 
conformation from north-wes tern Europe. The result 
has been a number of cross-strains, Lhc most famous 
of which is the Santa Gertrudis-a Brahman-Shorthorn 
cross. 
A series of mechanical inventions greatly altered 

the way of life on the western cattle ranch. The 
invention of Lhe windmill (more properly the wind- 
pump) permitted inexpensive lifting of water from 
wells of moderate depLh. The adaptation of Lhe internal 
combustion engine as a well-pump removed man 
from reliance upon the vagaries of the wind and 
increased both the volume and possible depth of 
wells. Finally, the development of mechanical well- 
drilling equipment. permitted the tapping of aquifers 
at great depths. Such inventions released cattlemen 
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from dependence upon surface water supplies and 
thereby allowed the utilization of areas of range forage 
formerly untouched because of the distance from a 
water supply. 

M O D E R N  RANCHING TECHNIQUES 

The operation of a modern cattle ranch in the arid 
lands is a far cry from that of three-quarters of a 
century ago. Mechanization, the application of modern 
scientific methods in breeding, range management, 
feeding and veterinary medicine, and the stability that 
goes with a sense of ownership have brought a new 
way of life to the desert ranch. 

Ranches are still very large in area, averaging over 
20,000 acres in the desert regions. But in the arid 
west, the size of operations are usually measured in 
numbers of animals rather than in acres. For a family- 
sized operation with only the owner and his immediate 
family to do the work, 100 head of cattle is the absolute 
minimum and at least 150 head are required for 
maintaining a decent standard of living under modern 
American conditions. Of such ranches, only a small 
proportion of the land is actually owned by the rancher 
himself. The remainder is leased under the Taylor 
Grazing Act. The fees paid by the rancher for use of the 
public domain have been returned to the ranch in 
various forms of range improvement, often visually 
evident by such things as fences and improved water 

Today a fair proportion of the ranches have been 
surrounded by exterior fences and migratory herding 
is almost entirely a thing of the past. Regular seasonal 
movement of cattle to and from the ranch still 
continues, but even during droughts the animals 
no longer travel great distances cross-country in 
search of better pastures. Fences are usually con- 
structed of barbed wire with four strands placed one 
above the other at intervals of about a foot. Fence 
posts are usually of wood, juniper or 'cedar' where this 
is available, and elsewhere often of discarded railway 
ties (sleepers) split longitudinally into parts. Electric 
fences, usually operated from a storage battery, have 
achieved some popularity; but in areas where the 

I soil remains dry for too long a period, the shock 
to the animal upon encountering the fence is weakened 
and the animals eventually tend to disregard it. 
The control exerted over cattle by fencing has 

permitted a considerable degree of pasture man- 
agement. By interior fencing ranchers are able to 
practise cantrolled grazing, in the form of either 
deferred grazing, rotation grazing, or deferred rotation 
grazing. Deferred grazing is the practice of keeping 
cattle off a particular plot of land until the most 
important forage plants have matured their seed. 
Rotation grazing refers to the alternation of grazing 
between various units o€ land. Deferred rotation 

"PPlY- 

grazing is a combination method of considerable 
popularity in the south-west. The range is divided 
into several units, grazed in rotation, with the grazing 
of one or more of Lhem being deferred until after 
seed maturity. 
Although range reseeding has been effective in 

many areas of higher precipitation in the west, it is 
not commonly practised in the desert region because 
of the low and unreliable rainfall. 
By far the most important aspeci, of range improve- 

ment in the west has been the development of stock- 
watering facilities. Since most of the desert ranges 
lack water over most of their area, maximum utilization 
of their forage requires that sources of water be devel- 
oped within the forage area or that water be hauled 
out to the animals, In the mountain and bolson areas, 
springs are most commonly found in the canyons near 
the foot of the mountains and gravity flow of water 
is possible for miles from such water sources down 
the slopes of adjacent alluvial fans. Such alluvial fans 
are usually devoid of water supply, and yet have areas 
of good forage and browse. Miles of pipeline have been 
constructed during the last two decades by ranchers 
with the assistance of the federal government and the 
local county agencies. Much attention has also been 
devoted to the construction of large storage tanks 
of metal, cement or masonry. These are usually filled 
by gravity flow from springs, by windmills or by 
gasoline pumps, and are used to supply water to 
troughs with the flow automatically regulated by a. 
float valve. 
Most modern ranchers engage in the supplementary 

feeding of their range cattle. Such feeding takes several 
forms : feeding of cows during pregnancy and imme- 
diately after calving in order to ensure an adequate 
milk supply for the calves and continued good health 
and weight of the cows; the feeding of calves after 
weaning; to correct a mineral deficiency in the indi- 
genous vegetation; to correct a seasonal imbalance 
in the food supply; during droughts of a long-contin- 
uing nature-in this case often with imported feed 
and federal aid in some form; during winter emer- 
gencics, especially if the range becomes snowbound 
and the animals are unable to get about to forage for 
themselves. 

The supplemental feed takes various forms, In a 
few areas, particularly in Nevada where hay meadows 
are available, natural hay is cut and stacked for seas- 
onal or emergency uses. Elsewhere baled alfalfa hay 
m a y  be imported from adjacent irrigated districts. 
Other feeds, used singly or in combination and variable 
dependent upon regional and temporary changes in 
price, include cottonseed cake, flaxsecd cake, sugar 
beet pulp, copra meal, fish meal, and a wide range of 
commercial mixtures. Salt in either the cake or granu- 
lar form is normally provided for animals. To it is 
added, in a numbex of forms commercially available, 
various minerals such as iodine, sulphur, copper, 
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cobalt and iron to make up for local deficiencies. 
Wherever possible part or all of the herd is normally 
removed from the range during the summer period 
and transported to higher mountain or plateau pas- 
Lures. But in the south-western desert area, few such 
facilities are available, and there the cattle must be 
carried through the entire year on the home range. 
Where transhumance does occur, Lhe animals are today 
transported almost entirely by truck rather than by 
driving them overland on foot. The cost of Lransporta- 
tion is more than offset by the maintenance of bodily 
weight. Mountain grazing is quite frequently carried 
out under United States Forest Service permits. 
Since World War I, the old vicious spiral of poor 

feeding practices, of low quality of beef and of lack 
of public discrimination in regard to the meat it ate 
has been broken. In its place there has come to be an 
abundance and diversity of supplementary feeds, 
consumers who are quality conscious, and a strong 
sense of mutual dependence between livestock pro- 
ducers, feed producers and processors, and meat 
packers. Today the great emphasis is placed upon 
improved quality of meat and early maturity of the 
animal, both of which are attained through selective 
breeding. In addition, the cattle industry is constantly 
seeking higher percentages of calf-crops and improved 
growth of young cattle through better feeding proce- 
dures. Through the past two decades the range cattle- 
man has had the choice of shipping his cattle to 
farmers who will fatten them on irrigated pasture and 
alfalfa; to commercial feed lots near the stockyard, 
where they will be fed on imported grains and alfalfa; 
or of holding them on the home range in the hope of 
rains which will produce good grass-fattened animals. 
The result has been a great change in the nature of the 
cattle. In the days of the Texas trail drives, the long- 
horn steers reached a weight o€ 1,000 lb. at the age 
of 4 to 5 years. They were tough, stiingy animals with 
most of the meat in the neck, shoulders and brisket 
and would be marketed as a ‘common grade’ today, 
if indeed they were marketable at all. A modern white- 
faced Hereford of the deserL ranges of Aiizona or 
New Mexico will normally weigh 650 lb. as a yearling 
steer and can be marketed as a 1,000-lb. animal at 
the age of only 2 years. Furthermore, most of his 
weight lies in the choicer meat cuts. This improvement 
has resulted almost entirely from breeding pure-bred 
bulls with ordinary range cows. 
Today three cattle ranching economies prevail on 

the desert ranges of the south-west : 
1. Steer-young steers are bought on the open market 

and raised to heavier weight on the natural forage. 
2. Cow und calf operations, type I-this involves the 

maintenance of a good breeding herd consisting of 
bulls and bearing heifers in a ratio of 25 to 1 
(varying greatly, depending upon the age of the 
bull and the nature of the range). Calves are usually 
sold in the fall shortly after weaning. Heifers to 

replace the cows of calf-bearing age are seIected 
out of the calf crop. 

3. Cow and calf operution, type II-this is the same 
type of operalion as that described above with the 
exception that the end products are steers sold 
at the age of two or more years depending upon 
range conditions. 

In a breeding herd operation, cows are kcpt separate 
from the bulls except during the desired breeding 
periods. Calves are dropped when the annual feed 
approaches its maximum stage, in order to ensure a 
good condition of the mothers at calving Lime and a 
good milk supply thereafter. Calves are allowed to 
nurse until the sixlh month, at which point the milk 
supply begins to diminish since the mother has been 
bred again, and since she needs to put on flesh to 
carry her through the feedless early winter. Calves 
are separated from their mothers in corrals, and are 
given supplementary feed, chiefly commercial protein 
concentrates. Breeding cows are kept until their 
tenth or twelfth year, when they are cut out of the 
herd, fattened up on natural feed and marketed at 
the end of the good feed season. 
Until a decade ago animals were usually marketed 

by driving them on foot to the nearest railway and 
shipping them to market in well-ventilated slat- 
sided railway cars. Today, however, most of the ani- 
mals travel to market in trucks and trailers over the 
public highways. Some ranchers deliver their own 
animals, but in most cases the transportation is by 
custom hauler-companies whose sole business is 
cattle transportation. Cattle are similarly transported 
between summer and winter pastures over the public 
highways. 
The modern ranchstead has most of the advantages 

and items of equipment LO be found in the modern city 
homes. Most are provided with electricity either from 
a gasoline-powered plant on the premises or by 
connexions through a line constructed by the federal 
government through the Rural Electrification Admin- 
istration. Nearly all ranch houses have telephones, 
radios (not only for entertainment but for the daiiy 
weather and marketing reports), a mechanical refri- 
gerator powered by either electricity, gas or kerosene, 
and running water both for drinking and for bathing. 
The rancher spends most of his nights at the ranch 

house. Gone are the long periods spent at distant out- 
riders’ camps. Today with a pick-up truck pulling a 
horse trailer, he drives over roads constructed with his 
own tractor and scraper, to distant corrals and water- 
ing places, does a day’s work there, and returns at 
night. 

THE SHEEP INDUSTRY 

Although they are better adapted to desert range 
conditions than are cattle, sheep have never become 
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a really major item in the livestock picture in the arid 
south-west. This is in part because the American taste 
in food runs more LO beef than to lamb and mutton, 
and in part because the more powerful cattle interests 
have secured passage of legislation favourable to 
cattlemen and unfavourable to sheep raisers. 
In the mountain and bolson counlry of Nevada, 

and the adjacent plateau country of Utah and northern 
Arizona, sheep are secondary to cattle. But in the warm 
winter south-western deserts (south-eastern California 
and south-western Arizona) sheep play only a very 
minor seasonal role. 
In Nevada and Utah, sheep operations are invariably 

based on transhumance. The flocks winter in the 
bolsons, browsing on the sagebrush and shadscale of 
the alluvial fans and about the edges of the dry lakes. 
In emergencies, usually as the result of snowbound 
conditions in midwinter, the animals may receive 
some supplementary feed in the form of baled alfalfa 
or natural hay, and such feed is usually given to the 
ewes about lambing time. With the coming of spring, 
the animals are driven into the adjacent mountains 
where they spend the summer grazing on the upland 
meadows under Forest Service permits. Where dis- 
tances are fairly short (usually under 100 miles) the 
animals are driven afoot along fenced driveways. 
Where distances between winter and summer pastures 
are greater, the animals are transported in double- 
decked truck and trailers over the public highways 
and Forest Service roads. 
Unlike cattle, which graze freely within the confines 

of their huge fenced pastures or even over entire 
ranches, sheep are normally herded by a m a n  and 
a couple of dogs. In Mormon areas, the sheepherder 
is usually a member of the local community. Else- 
where Basque herders are employed. These French or 
Spanish citizens enter the United States and slay for 
long terms under special passport and visa arrange- 
ments. 
Ewes with lambs travel in hands of 500 to 1,000 

animals. After the lambs have been marketed, the 
bands are united into flocks numbering from 2,000 
to 4,000 animals. 
Wilh the development of good transportation in the 

last several decades, mutton has become of increasing 
importance, and today the range sheep is a dual- 
purpose animal, the meat and the wool being of 
approximately equal value. The ewes are usually wool 
sheep of Rambouillet and Merino breeds. They are 
crossed with rams of mutton breeds, particularly 
Hampshire, to produce lambs of high mutton quality. 
The cross-bred lambs are not kept for replacement 
however; females are purchased from breeding estab- 
lishments in order to maintain the fleece quality in 
the ewe herd. 
In the desert portions of California and south- 

western Arizona, permanent range liveslock operations 
are almost totally lacking south of the Santa F e  

Railroad (about the 35th parallel) except along the 
bordering mounlain ranges to the west. As described 
above under vegetation and climate, this area is 
deficieni. in both rainfall and palatable vegetation, 
and hence quite undesirable for livestock raising. 
In the years in which good winter rains occur over 

the area, as spectacular growth of herbaceous annuals 
suddenly carpets the desert basins with a profusion 
of foliage and blossom. At such times large bands of 
sheep are moved into the area by truck, often from 
distances of more than 500 miles under special short- 
term permits from the Bureau of Land Management. 
Since this is public domain not allocated under the 
Taylor Grazing Act, these animals do not compete 
with permanent lives Lock operations. Because of 
the cool weather prevailing at this season of the year 
and the high moisture content of the herbaceous forage, 
the low water requirement of the animals can easily 
be met by hauling water to the flocks in tank trucks. 

THE GOAT INDUSTRY 

Nowhere in the desert country of the south-western 
United States is the goat of any economic or ecological 
significance, nor have they ever been of any conse- 
quence. 

DRY FARMING 

As is obvious to anyone aquainted with the principles 
of water effectiveness, dry-farming Lechniques can 
never be successful in arid regions. The dry farming 
of grain, cotton and other crops has been carried 
on successfully in the semi-arid regions bordering 
the south-western deserts of the United States: in 
the Palouse region of Washington, in the plains and 
valleys of southern Idaho, along the foot of the 
Wasatch range in Utah, in parts of the high plateaux 
of southern Utah, about the margins of the Antelope 
Valley of CalXornia, on the plateaux of northern 
Arizona, N e w  Mexico, and in the Great Plains region 
east of the Rockies. 
Unfortunately, the deep wells of human optimism 

frequently lead prospective agriculturalists into 
attempting the impossible. Again and again in all 
parts of the arid south-west, land has been hopefully 
cleared under the terms of the Nomestead Act, and 
crops of grain have been planted under dry-farming 
techniques. In some instances where the original 
planting happened to coincide with years of greater 
moisture, crops were actually harvested and title to 
the land secured in good faith. But all such enler- 
prises have been doomed to inevitable and usually 
immediate failure. There have also been, of course, 
other cases in which land has been cleared and planted 
with dry-farmed crops merely to secure title to the 
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land, and with the certain knowledge of the ‘farmer’ 
that his enterprise was doomed to agricultural failure. 

classi- 
fication of the western country could not have been 
carried out early enough to prevent the widespread 
hopeless and abortive attempts at dry €arming, which 
accomplishcd nothing buL LO lay the land open to the 
possibilities of serious erosion by wind and rain. 

It is unfortunate that Powell’s plans for 

IRRIGATION AGRICULTURE 

HISTORICAL DEVELOPMENT 

In prehistoric times at least one aboriginal group 
carried on extensive irrigation agriculture in part of 
the south-west. The Kohokam group of Indians 
dwelling in the Gila and Salt River valleys of central 
Arizona constructed large diversion canals by which 
water was carried for distances of as much as twenty 
miles to their agricultural lands. Their successors, 
the Pima Indians, were still utilizing some of these 
canals when the firsL Spaniards visited the area and 
some of the canals were used as guides for the location 
of modern irrigation systems. 
In the Rio Grande valley of N e w  Mexico and in 

scattered places in the plateau country farther west, 
Pueblo Indian groups were carrying on fairly intensive 
agriculture under irrigation at the time the Spanish 
conquistadores first visited them. Many of these groups 
are still farming in practically the same manner in the 
same area today. 
With the establishment of the íirst missions in 

southern Arizona, Spanish irrigation techniques were 
applied to the land. To the corn, squash and beans 
of the Indians weye added the whole range of European 
crops then available to the Mediterranean agricul- 
turist and certain other crops such as the potato 
and tomato which had been encountered by the 
Spanish in Mexico or Peru. The result was a very 
intensive albeit small-scale agricultural production 
in the vicinity of each of the mission establishments. 

For the Spanish the practice of irrigation in the 
arid south-west did not constitute a great cultural 
change, for irrigation had long been practised in the 
Mediterranean world from which they came. T o  the 
Anglo-Saxons, however, irrigation agriculture consti- 
tuted a totally different way of life, one for which 
they had no precedents whatever in their culture. In 
Mediterranean coastal California a few Anglo-Saxons 
came in contacr. as individuals with the irrigation 
agriculture of the missions, but it was not until the 
1840s Lhat an Anglo-Saxon community was forced 
to take up irrigation agriculture. 
W h e n  the Mormons1 came into the Salt Lake area 

of present-day Utah, there to found their ‘State of 
Deseret’, they realized at once that irrigation was 
absolutely essential. Since State and Church were 

inseparable in the Mormon philosophy, it was relatively 
easy for them to establish a communal irrigation 
system and thereby to allocate the land and water 
rights and obligations.2 

Each of the many streams issuing forth from the 
west face of the Wasatch Range was diverted by 
means of low weirs into distribution canals and 
thereby led to the fields. Unlike most other American 
agriculturalists w h o  tend to live in dispersed patterns 
each on his own individual farm, the Mormon agri- 
cultural groups livecl in farm villages and travelled out 
to the fields afooi. each day. Soon a string of Mormon 
farming communities developed along the western 
foot of the Wasatch, each associated with a particular 
canyon mouth. 
Unlike the Spanish, who brought Mediterranean 

crops to the south-west, the Mormons concentrated 
upon the raising of the crops of Lhc north temperate 
regions with which they were already familiar. In 
common with the Spanish, Lhey raised wheat and 
barley, but the citrus, olives and other subtropical 
and Mediterranean fruit were replaced here by apples, 
peaches and other deciduous fruits, while various root 
crops also came to be important.. Their large herds 
of range cattle were raised primarily for beef purposes, 
rather than for hides and tallow, as were those in 
California and Asizona. In addition, they had flocks 
of sheep, as well as large numbers of dairy caLtle for 
which extensive irrigated pasLures and alfalfa fields 
were prepared. In short, both Lhe Mormon and the 
Spanish mission communities were religious in origin, 
dependent on irrigaLion agriculture and almost totally 
self-sufficieni, but their crops and their ways of life 
were strikingly different. 
In the ensuing decades the Mormon community 

expanded rapidly, norLhward along the foot of the 
Wasatch and adjacent mountains into Idaho and 
southward across the whole length of the present 
state of Utah into southern Nevada. A short-lived 
attempt was even made LO establish a community 
at San Bernardino, California, within the shadow 
of the Spanish missions. Later expansion carried 
the Mormon communities across the plateaux of 
south-eastern Utah and Arizona into parts of N e w  
Mexico and the adjacent state of Chihuahua in 
Mexico. 
Throughout the latter half of the nineteenth century 

and well into the twentieth century small scale 
irrigation enterprises sprang up at many scattered 
localities throughout the arid west. Some of these were 
Mormon, operating under the control and direction 

1. Properly known as the Church of Jesus Christ of Latter D a y  Saints. 
2. Actually, the Mormons seem to have obtained their knowledge of irrigation 

from thc Spanish (Mexicans) in New Mexico. CerLnin of their leaders, such 
as John D. Lee, had been in Santa Fa, and a portion of their group, en rouie 
to Utah, had spent some time along the Arkansas River in Colorado, where 
Mexican groups from Santa Fe werc already practising irrigation. Further- 
more, in the Weber Rivcr valley near prcsent Ogrlen, Gtah, an Englishman 
uamed Kells, who had lived in Mexico, was carrying ou irrigation before the 
coming of the Mormons. 
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of Lhe local church authorities, as mutual enter- 
prises involving all members of the community. 
Elsewhere, Lhe enterprise was sometimes the work 
of a single individual, but in most cases, because of 
the size of streams involved, the length of canals 
necessary and the large expense of the undertakings, 
the enterprises were the work of companies or asso- 
ciations. Such organizations normally fall into two 
cIasses: waLer companies and mutual water asso- 
ciations. In the first instance, a party of businessmen 
organized for profit a company to develop water and to 
sell it to prospective farmers on the irrigable land. 
While most of these were operated honestly and for 
reasonable profit, some were corrupt organizations with 
the aim of extracting as much tariff as the traffic would 
bear. In the second case, a non-profit organization 
formed by the local landowners to develop water 
resources on a share-the-expense basis, usually worked 
out to mutual advantage. Some, of course, were 
failures due to poor planning, poor management 
or lack of an adequate water supply especially during 
drought years, but by and large the mutual water 
association has proved to be a most successful under- 
taking. 

SURFACE W A T E R  L A W S  

The fact that the Anglo-Saxon immigrants into the 
desert lands had no previous experience with irrigation 
is strongly reflected in Lheir confusion and inexperience 
in handling the legal aspects of water problems. 
From the outset is was assumed that each state 

had jurisdiction over the waters within its boundaries. 
Each state consequently adopted principles which, 
at least at the time of their adoption, syemed best 
suited to its own physical condition. Where experience 
has shown that these principles were not suitable, 
changes have gradually been brought about, largely 
as a result of court decisions. Hence today there is 
wide disparity between the different parts of the 
country, and variation is Lhe rule, rather than homo- 
geneity. 
As each state or territorial government was 

established in the west, it was necessary for its legis- 
lature to adopt a code of laws by which the area 
would be governed. While it was, of course, possible 
for such a legislature to draw up a totally new set 
of ordinances, it was much easier and seemingly more 
logical to adopt an already existing code of law. In 
each case the bulk of the legislators were of Anglo- 
Saxon origin, and naturally, therefore, tended to 
develop a body of law based on the common law of 
England, which had been ‘transplanted’ to the humid 
eastern United States early in its history. 
England, however, is an area oî humid climate 

where the principal demands for water have always 
been domestic, stock and industrial uses and Lhe 

harnessing of water power for the operation of factoiies. 
Irrigation, by which water is removed from a slream 
and not returned, is unknown; the other uses of 
water result in its return LO the stream in essentially 
the full volumc from which it was removed. Hence, 
under English law, the riparian doctrine prevailed : 
the owner of land in contact with a stream is enlitled 
to have the stream continue to flow past his land 
undiminished in quantity and unpolluted in quality 
except for the use of the stream by other riparian 
owners above him. This means that he has full rights 
to the use of the water of the stream with the implicit 
understanding that he must return the same amount 
of water to the stream at the lower end of his property. 
On the other hand, the earliest use of water in the 

western states by Anglo-Saxons was in conjunction 
with the placer mining in the goldfields of California. 
Since these areas were being mined prior to the exten- 
sion of normal legal systems to the region, certain 
customs grew up among the miners in lieu of law. 
Chief among them was what has since come to be 
termed the appropriation doctrine. By its terms the 
first man utilizing the water of a stream has the 
right to as much water as is required to carry out 
his individual mining operation. Such water need 
not be returned to the stream. Each succeeding 
miner has similar rights, priority being established 
on a ‘first come, first served’ principle. Thus the 
rights of the earliest man on the stream cannot be 
taken away from him by later comers so long as 
he continues to exercise the use of his rights. 
Some of the western states adopted the English 

riparian principle outright. In other states the legis- 
lature by statute, or by judicial rulings through the 
courts, added to the English common law certain of 
the customs which had already developed svilhin 
the state based upon the appropriation principle. 
In any case it is quite apparent that the riparian and 
appropriation doctrines stand in sharp contrast to 
one another, and that two such contrasting doctrines 
could not exist side by side without the likelihood 
of violent conflict. Controversies were very soon 
brought into the courts, and it was left to the courts 
to decide which system should dominate in the 
particular area in question. In several states it was 
early realized that the physical conditions were such 
that the riparian doctrine could not be applied, and 
consequently the appropriation doctrine was adopted 
as a sole basis for the distribution of water. In certain 
other states the courts decided to hold fast to the 
riparian principle. In general, the more arid states 
rejected the riparian rights and adopted the appro- 
priation system. Many of the states, however, have 
endeavoured to amalgamate the two in their legal 
systems : a decision which has been far more profitable 
for the lawyers than for the water users. 
It is interesting that the system of appropriation 

rights developed in the early western mining camps 
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by Anglo-Saxons embodies most of the principles 
inherent in Spanish and Mexican water law which 
was already in operation in the Spanish-set Lled portions 
of the soulh-west. However, the appropriation system 
as now used in the west is a spontaneous growth 
rather than an adoplion of a neighbouring legal 
system. 
The regulatory sysLem established by the state of 

California served as a model for some of the other 
western stales. These regulations were very simply 
expressed in statutes passed by the legislature in 1872; 
but as a result of subsequent court decisions and 
administrative regulations, they have now been 
expanded into several score pages. In essence, however, 
they m a y  be stated as follows: a person m a y  appro- 
priate water from a flowing stream for any beneficial 
purpose but the right to &vert such water ceases 
when he ceases to use iL for such a purpose. Once 
a right has been acquired, the point of cliversion 
may be shiÎted, the rights may be transferred to 
another party, the destination may be changed, and 
the water may even be turned into another stream 
and then withdrawn from that stream without a 
second appropriation right. An individual desiring 
LO appropriate water must post a notice at the point 
of its tended diversion, stating the amount claimed, 
the purpose of diversion, and the place of intended 
use, and must file a copy with the proper local autho- 
rity. 
While the posting and the recording of th’e nolice 

are required items in Lhe acquisition of water rights, 
no limit was placed on the amount of water that. might 
be claimed. Many of the early appropriators actually 
had liLtle knowledge of what their evenlual needs 
might be, and consequently tended to post notices 
far in excess of their actual requirements. Many 
notices actually claimed all of the water in the stream 
and the sum total of such notices on nearly every 
western sLream is well in excess of the Lotal volume 
of the slream. An investigalion made by the federal 
government of the claims to the San Joaquin River 
in California showed six separate notices claiming 
the entire flow of Lhe stream, with total claims amount- 
ing to nearly twenty Limes the maximum flood flow 
of the stream. 
In spite of the deLailed provisions associated with 

the appropriation principle of water rights, riparian 
rights have also been recognized in principle in Cali- 
fornia and applied in practice as well. Some of the 
oLher western states have abrogated riparian rights 
and Loday recognize only the appropriation system. 
In general, it was staled that the riparian proprietors 
are entitled LO a reasonable use of the waters of the 
stream for the purpose of irrigation. The definition 
of ‘reasonable use’ is not made clear, and is said 
to depend upon the circumstances appearing in each 
particular cas e. 
The attempt to apply both doctrines LO Californian 

water rights has resulted in a vast amount of litigation 
over the past three-quarters of a century-an indica- 
tion in itself that the two dpctrines are mutually 
incompatible. It is self-evident that no attempt should 
ever be made to apply boih concurrently. 
The difficulty resulting from the attempted appli- 

cation o€ both principles simultaneously is well 
illustrated by the litigation and legislation in conjunc- 
tion with the use of storm floodwaters on cerLain of the 
Californian streams-notably the San Joaquin River. 
Certain water users in the lower reaches of the San 
Joaquin objected on several occasions to the impound- 
ing of floodwaters for irrigation or power purposes 
during low water stages. Court decisions placed 
all the water of the San Joaquin River under the 
riparian doctrine, thereby precluding diversion of 
storm-waters by appropriators and insisting that 
the full volume of the flood waters be allowed to 
discharge down the main channel of the stream (and 
thereby be wasted into the sea). The decision aroused 
such a storm of protest that a conservation-minded 
legislature in 1928 added an amendment to the consti- 
Lution of the state declaring that in the interest 
of conservation, riparian rights should attach to 
only the normal flow of the river, such as might be 
used for reasonable and beneficial purposes, and that 
water in excess of demands for such reasonable 
uses could be impounded and diverled. 
In all of the arid states administrative officers 

have been empowered to regulate diversion from 
streams in accordance with the existing legal code. 
Such administrative officials are usually called water 
commissioners or water masteml Usually these 
officials are under the direction of the state engineer. 

RIGHTS T O  U N D E R G R O U N D  W A T E R  

In American legal systems, two classes of ground- 
water are recognized: (a) water flowing in definite 
underground channels ; and (b) waters percolating 
in a diffused pattern. 
In the first instance, the channel must be well 

defined. Such cases are limited to streams flowing 
in limestone caverns or lava tubes, and the underflow 
of well-defined surface streams, particularly those 
which cease to flow on the surface during dry periods. 
Even through some degree of ‘ subterranean channel- 
ling’ may sometimes be detected in alluvial fans, 
groundwaters under such circumstances are usually 
considered to be percolating. However, three states 
(Nevada, N e w  Mexico and Oregon) have statutes 
requiring that well-defined artesian basins he consi- 
dered as the equivalent of subterranean channels. 
Water rights to subterranean channels follow 

the set of rules applied to surface streams in the local 

1. In Spanijii-speaking areas tùese men m a y  be refcrreù to RS zanjeros. 
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area-either the riparian or the appropriation doctrine 
being invoked. The same sort of situation is in effect 
in the artesian basins just mentioned. 

According to English common law, the landowner 
has absolute ownership of ihe percolating waters which 
underlie his property and he may use them in any 
way he sees fit. According to this doctrine, waier is 
in the same classification as minerals, and is treated 
accordingly. On the other hand, water is mobile and 
removal of groundwater from beneath one parcel of 
land may reduce the supply of groundwater beneath 
adjacent parcels. Some states still adhere completely 
to the English system; others have introduced various 
modifications of it. 
The principal modification, which is termed the 

rule of reasonable use or the ‘American rule’, originated 
in California. The earliest Californian decisions regard- 
ing percolating waters adhered strictly to the English 
common law. In the last decade of the nineteenth 
century, however, extensive use of groundwater in 
California resulted in general lowering of water levels, 
and cases involving disputes over this matter awakened 
the attention of the Californian courts to the need 
for reconsideration of the law. 
As the situation stands today, the rights of the 

landowner utilizing water on his own land are para- 
mount to the rights of owners appropriating water 
for use on other lands. Such rights, however, extend 
only to the quantity of water that is necessary for 
use on the local land; the surplus may be appropriated 
by the adjacent landowner. If one owner does not use 
the water, bis neighbour may appropriate all of the 
supply and transport it to distant areas. If both of the 
owners desire to appropriate water for use on distant 
land, then priority becomes the determining factor. 

Obviously under such laws the user of groundwater 
is not assured of the maintenance of the physical con- 
ditions which originally existed beneath his property. 
Continued use by either himself or his neighbours 
may result in the loss of artesian pressure and even- 
tually in the reduction of the level of the standing 
water in his wells. One landowner cannot prevent 
his neighbour from distributing water to distant 
areas even though his own water table is being thereby 
reduced. Only if the landowner can show unreasonable 
use, extraordinary damage, or malice does he have 
recourse to law. 
Each of the arid states has its own set of statutes 

and decisions regarding subterranean water rights. 
The entire matter is in a state of confusion and there 
seems to be little hope of clarification and simplifi- 
cation in the near future. 

W A T E R  M E A S U R E M E N T  

A curious indicator of the role of the miner in water 
lore in the west is the method of water measurement 

in vogue nearly everywhere-even in irrigation 
dislricis in which mining has never been carried on. 
Rather than order water from the water master in 
acre-inches (by which the amount required will be 
determined by Lhe farmer) or in cubic feet per second 
(the standard measurement of the engineer), the order 
Ml1 be written in miner’s inches. A miner’s inch is 
the flow of water through a one-square-inch aperiure, 
under a head of eilher four or six inches (dependeni 
on the local regulation). 

M E T H O D S  O F  OBTAINING A N D  
CONVEYING W A T E R  

On small streams, simple diversion of the surface waler 
is accomplished by the construction of a low weir 
to divert flow into a canal. Large modern irrigation 
projects are often associated with power production 
and flood control, and storage of part of the peak 
flow for use in low-water periods is desirable. Conse- 
quently, the storage dam takes the place of the weir. 
In America, water is usually stored in the stream 
channel itself; off-stream storage is not commonly 
practised. 
In some areas, wells encounler strata in which the 

hydrostatic pressure is sufficient to force the water 
to the surface, creating an artesian well. Continued 
use, however, normally results in the lowering of 
the hydrostatic pressure until it eventually becomes 
necessary to pump the well. Very few artesian wells 
are still flowing in the arid portions of the United 
States. 
Wells may be pumped by several different types 

of equipment. The oldest and simplest is the windmill, 
but its yield is so low and its operalion so unreliable 
that it is used for little more than garden irrigation. 
Various types of mechanically-operated pumps have 
taken its place. 
The earlier of these, the reciprocating pumps, have 

largely been replaced by rotary centrifugal or ‘turbine’ 
pumps. Since the motor is at the surface, and the 
centrifugal impeller is located at the bottom of the 
well, a long drive shaft is required. In order to overcome 
the mechanical difficulties inherent in crooked wells, 
a submersible pump, consisting of an electric motor 
connected directly to the impeller, and sealed tightly 
against water, is put into operation at the bottom 
of the well, thereby completely eliminating the need 
for a drive shaft. Most pumps are powered by gasoline- 
or diesel-operated internal combustion engines, or by 
electricity. 
Water is conveyed from a well or from the point 

of diversion to its ultimate destination in Lhe field 
by means of open ditches or by pipes under pressure. 
T o  reduce water loss by percolation, canals are usually 
lined with cement in areas of porous soil. Where 
water is brought io the field in concrete pipes, the 
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hydrostatic pressure is controlled by the adjustment 
of the water level in large standpipes. Water is then 
discharged onto the surface through adjustable 
apertures in a miniature standpipe or ‘hydrant’ 
at the head of each individual field unit. Water is 
applied to the field by several techniques: furrow, 
basin or border and sprinkler. In the first case furrows 
are prepared in the field by means of a tractor and 
drab, and the head of each furrow is connected by 
hand to the corresponding hydrant aperture. Each 
aperture is then opened to what in the experience 
of the operator appears to be a desirable amount. 
The value controlling the total inflow into the hydrant 
is adjusted until it equals the sum total of the outflow 
through the various apertures. The same process is 
repeated at each hydrant. When all is ready, the valve 
is opened at the intake of the major standpipe for the 
area. The water surges upwards in the standpipe, 
places hydrostatic pressure on the entire underground 
supply line, causes water to rise in each of the indi- 
vidual hydrants, whence it flows out through the 
apertures into the furrows. After a period of time a 
check is made of the water position at the lower end 
of each furrow, each aperture is adjusted accordingly 
and the total flow at the standpipe is adjusted to 
compensate for the aperture changes. 
Basin or border irrigation consists of the flooding 

of areas with sheets of water spread evenly across 
a field. Fields so irrigated are usually divided into 
rectangular sections by means of low earth banks 
which direct the flow of the water. 
In fields where hydrant systems have not been 

provided, water is distributed from the main standpipe 
to the heads of furrows or to the basins by means 
of large portable aluminium pipes laid over the surface. 
These are equipped with adjustable apertures identical 
with those of the hydrants. In areas of well irrigation, 
water is often pumped direct from the well to the 
standpipe and then distributed by the means described 
above. 
In some cases, particularly in the raising of seasonal 

vegetable crops, where it is undesirable to have a 
fixed field pattern, the hydrant system is replaced 
by siphon irrigation from a master ditch. From the 
main canal or from the major standpipe, or from the 
well itself, a large canal with firm walls of earth is 
constructed across the head of the field. Water is then 
siphoned over its side through short curved lengths 
of plastic tubing or aluminium piping. 
Since fields irrigated by surface methods are often 

very large, heavy machinery is used to grade them 
to the slope required for proper water flow. Where 
the irrigated area is on so steep a slope that soil would 
be eroded by the flow of irrigation water, over-head 
irrigation or sprinkling is commonly used. Sprinkling is 
also used to an increasing extent on gently-sloped land. 
Sprinkling is accomplished by the use of portable 

aluminium pipes with built-in sprinkler heads. In 

areas where gravity flow by pipe is available, the 
sprinklers merely operate by hydrostatic pressure; 
elsewhere the pressure is supplied by small pumps. 
While it is true that there is considerable evaporation 
loss from sprinkler irrigation in high-temperature 
low-humidity areas, field experimentation has shown 
that it is not as great as the downward percolation loss 
by furrow irrigation, especially in areas of porous soils. 
Soil samples taken at the root level of the crop are 

analysed to determine their water content as a means 
of determining the date of the next required irrigation. 
Experience in the past has shown that most farmers 
tend to over-irrigate their crops with resultant deterio- 
ration of the root systems and wastage of water. 
The sampling is donc by field laboratories under 
contract to individual growers, or by the county 
extension services of Lhe local, state, and federal 
government. 
Today all fertilizer is applied to the field directly 

through the irrigation system, being introduced in 
highly concentrated form into the irrigation water at 
the major standpipe. 
Since many of the best agricultural lands of the 

arid south-west lie in the lower portions of basins, 
in areas of heavy soils and with but very little slope, 
high water tables are frequently encountered with 
their attendant problems of excessive salt accumula- 
tion and root deterioration. To combat these problems 
it has frequently been necessary to construct master 
drainage systems and to underlay all fields with 
unglazed clay drainage tiles at depths somewhat below 
the lowest level of ordinary root penetration. Today 
a very large portion of the irrigated lands of the United 
States are tile drained. 
In areas suffering from soil impermeability due to 

black alkali (in which sodium attached to the clay 
particles has brought about impenetrability) applica- 
tion of sulphur, usually in the form of gypsum, through 
the irrigation water has had a most beneficial effect. 

THE RECLAMATION ERA 

The suggestions of Powell in 1879 that. the federal 
government should undertake the sponsorship of 
irrigation in the West went unheeded for several 
decades, but when developing technology made the 
harnessing of the larger streams possible, the vast 
sums of capital required for such ventures could 
not be raised by groups of farmers, and the federal 
government finally entered the scene. Furthermore, 
most of the undertakings were of a multipurpose 
nature, involving flood control, power production 
and municipal water supplies as well as irrigation. 
Concurrently there developed a new philosophy of 
public responsibility, engendered largely by the late 
Theodore Roosevelt. 
The result was the so-called ‘Reclamation Era’ 

291 



History of land use in arid regions 

which began in the earliest days of the twenlieth 
century and which probably reached its peak during 
the administration of President Franklin Roosevelt. 
This era saw the harnessing of all of thc major streams 
of the west with multi-purpose dams and the extension 
of irrigation to vast areas of desert and semi-desert 
country. Outstanding among Lhcse undertakings 
have been the Grand Coulee D a m  in Washington, 
the Boulder or Hoover D a m  on the lower Colorado 
River, and the Shasta and Friant Dams of the Cali- 
fornia Central Valley Project. 
Reclamation has greatly altered the economy and 

the aspect of the arid west and has also had a pronounc- 
ed effect upon the rest of the United States. Large 
areas which heretofore had been worthless have become 
valuable agricultural lands. Many of the areas have 
long, hot summers which promote the rapid growth 
of plants and thereby permit several crops per year 
to be harvested with consequent lowering of production 
costs. These same areas normally have long growing 
seasons and frostless winters and hence are able to 
raise subtropical plants such as cotton, citrus and 
dates. In less favourably endowed areas with shorter 
growing seasons and longer, colder winters, cheap 
and abundant feeds for the fattening of caitle are 
produced. With a rapid and efficient transportation 
network, the temperature control of railway cars, 
and the absence of tariff barriers, Lhe western states 
have been able to supply winter fruits and vegetables 
to snowbound eastern markets. With the development 
of food-processing techniques such as canning and 
freezing of fruits and vegetables, crops raised inexpen- 
sively in summer on irrigated tracts can be made 
available throughout the year both locally and to 
distant parts of the country. Thus the reclamation 
of the west has permitted a tremendous broadening 
of the diet of all parts of the country. 

REPRESENTATIVE IRRIGATED AREAS 

A picture of the irrigated agriculture of these desert 
areas can best be obtained through a contrasting pair 
of type studies : one of the Imperial-Coachella Valley 
in the warm winter Colorado desert area of California 
and the other of a representative valley of the cold 
winter desert of Nevada. 
The Imperial-Coachella Valley is a structural 

trough bounded on the south-west, north and 
north-east by high rugged mountains, and to the east 
by lower desert hills. It is open southwards to the 
Gulf of California, from which it is separated only by 
the low alluvial delta-fan of the Colorado River, 
It is floored with alluvium derived from the sur- 
rounding mountains and by the fluvial deposits 
of the Colorado River which has at times discharged 
into the area. It drains centripetally, the central 
portion being occupied by a brackish water body 

known as the 'Salion Sea'. In popular parlance the 
soulhern half of the trough is termed the Imperial 
Valley; the northern section is called the Coachella 
Valley. In actuality, the two combined constitute a 
single trough. 
When first visited by white men the central portion 

of the valley was a shimmering expanse of salt, more 
than 200 feet below sea level. In 1901 irrigation was 
commenced by means of a canal CUL through the river 
bank just south of the international border. In 1905 
the Colorado River turned into this canal during a 
flood and poured northwards down the slope of its old 
delta-fan and inundated the lower portion of the 
basin creating the Salton Sea. The breach was even- 
tually closed, the river returned to its normal channel, 
and irrigation was resumed, 
The All-American Canal (50 called because it does noL 

enter Mexican territory) was constructed by the Bureau 
of Reclamation of the federal govcrnment and took 
the place of the earlier system in 1942. Water is 
diverted from the Colorado River aL the Imperial 
D a m  north of Yuma, Arizona. Aftcr passing through a 
series of settling basins wherein its silt load is deposited 
the cement-lined canal passes through a belt of huge 
sand dunes before entering the valley. It carries a 
volume' of 10,000 cubic feet per second. One branch 
of it passes northwards around the Salton Sea to serve 
the lower part of the Coachella Valley to which it 
delivers 1,500 cubic feet per second. 
The Imperial Valley has a grid of canals of two 

types : supply canals and ditches bringing irrigation 
water to the land; and drainage ditches carrying the 
excess ' tailwater' with its accompanying salts to the 
Salton Sea. An even finer but invisible grid is also 
present: the network of tiles underlying the fields 
to aid in the drainage of subsurface water and the 
lowering of the water table. 
The original development of irrigation in the 

Coachella Valley was based on a good supply of artesian 
water supplied originally by run-off from the surround- 
ing mountains. The exploitalion of this reserve had 
of necessity to await Lhe development of well-drilling 
equipment capable of tapping it. Between 1900 and 
1907 over 400 wells were drilled in the lower part of the 
valley, about three-fourths of them with arlesian 
Aow. With the improvement of pumping equipment, 
other wells were drilled farther northwards and agri- 
culture was extended into that area. Because o£ poor 
drainage in the heavy soil of the lower porlion of 
the valley, salinity problems became acuLe after the 
first few years and many areas were abandoned. An 
insufficient supply of water, however, in 1918 brought 
about the organization of the Coachella Valley Water 
District with the aim of conserving the local supply 
and importing water from the Colorado River. The 
District entered into an agreement with the Federal 
Bureau of Reclamation by which water was eventually 
delivered in Lhe early 1950s to the valley by means 
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of the Coachella Branch of the All-American Canal. 
Since Lhe construction of the All-American Canal 

the inflow of water into the Imperial-Coachella Basin 
has increased greatly. Subterranean seepage from the 
irrigated fields and the discharge of tailwater into the 
drainage ditches has increased accordingly, and the 
level of the Salton Sea (held essentially stationary 
since the closing of the Colorado River breach in 
1907) has been rising steadily for the past decade. 
It has resulted in che inundation of some of the lowest 
fields of both the Coachella and the Imperial Valleys 
and the rise of the groundwater table and attendant 
salinity problems in the adjacent areas. As it expands, 
its evaporating surface increases and hence an eventual 
state of equilibrium will be reached-but not until 
considerable valuable farm land has been sacrificed. 
With its warm winter, its long hot summers and its 

plentiful irrigation water the Coachella Valley has 
become an important region for the raising of several 
subtropical fruits. Dates occupy 5,700 acres and yield 
about 90 per cent of the American crop. The date groves 
are located on the sandy soil of the middle and upper 
portions of the valley in a salt-free, well-drained 
situation. 

Over 7,000 acres are devoted LO the raiiing of 
Thompson seeclless grapes, a table variety marketed 
long before any other grapes have become ripe in the 
United States. Approximately 2,500 acres are planted 
to citrus, notably grapefruit. In many places, these 
groves are interplanted with dates. The grapefruits 
are marketed in midwinter when they find a ready 
salerin the cold eastern markets. 
Largely because of its much heavier soil, the Impe- 

rial Valley has not specialized in the raising of fruits 
and vines. The emphasis, rather, is upon a number 
of varieties of field crops and row crops. Nearly 
64,000 acres are devoted to the raising of truck 
crops, particularly during the winter for sale to 
eastern markets and the cities of coastal California. 
Since quick freezing of fruits and vegetables has become 
important in American processing and marketing 
there has been a marked change in the varieties of 
vegetables raised here, Today, the principal winter 
truck crops are lettuce, tomatoes, peas, melons and 
carrots. Most of them being highly perishable, they 
are delivered to the market areas in temperature- 
controlled railway cars or trucks travelling on 
expedited schedules. The long hot summer, the very 
dry harvesting season and the ease of controlling crop 
pests has led to the growth of 28,000 acres of cotton. 
An even greater area (34,000 acres) is devoted to the 

raising of sugar beets, part of which are processed 
in a local refinery, while the remainder are shipped 
by rail LO refineries in the coastal area. 
The Imperial Valley and portions of the Coachella 

Valley play important roles in the livestock economy 
of the south-west. About 170,000 acres are devoted 
to the raising o€ alfalfa and scveral thousand more to 

the raising of hay and irrigated pasture. The role is 
dual: animals from the desert ranges come here for 
fattening before being shipped to the Los Angeles 
market: and herds of cattle and bands of sheep are 
moved here by truck and train for winter grazing. 
Besides grazing on the alfalfa and pasture lands, the 
animals act as gleaners after the vegetable harvests 
and are fed the culls and trimmings from the packing 
houses. Much alfalfa is cut for hay, baled and trucked 
to the dairy farms of the LOS Angeles area; some is 
dehydrated and becomes an ingredient in commercial 
stock feeds; and some is fed to local dairy breeding herds. 
All phases of the agriculture are highly mechanized. 

Many of the operations are carried out by custom 
outfits who perform a particdar operation for an 
individual farmer under contract. Much of the land is 
owned by large companies or by absentee owners; 
the operations are looked after by a resident manager 
and most of the labour force consists of itinerant 
workers, largely Mexican citizens who enter the United 
States under short-term labour contracts. With the 
rapidly increasing mechanization, however, the number 
of manual labourers required has declined markedly. 
Alfalfa is mowed, turned, raked, baled, loaded on to 

trucks and stacked entirely by machinery with men 
being needed only to steer the equipment and drive 
the trucks transporting it. Sugar beets and cotton are 
harvested chiefly by machine. For the harvesting 
of lettuce, a conveyor belt mounted on a truck passes 
slowly across the field, covering a score of rows at a 
time. Workers afoot cut off the mature heads with a 
knife and place them on the belt. Other workers on 
the truck grade them roughly and pack them into 
field boxes in which they are transported by other 
trucks to the packing house. The high degree of mecha- 
nization is in part a reflection of the high cost of 
American labour. 

The irrigated agricultural areas of Nevada present a 
much simpler picture. The cold of winter precludes 
the growing of sensitive crops, hence there are no win- 
ter truck products, no subtropical fruits and no cotton. 
The major emphasis is upon the raising of alfalfa and 
the maintenance of irrigated pasture, both associated 
with the transhumance of the local cattle and sheep 
economy. Herds and flocks summer in the high moun- 
tain country and winter on the irrigated lands of the 
basins, grazing in the late fall and early spring on the 
irrigated pastures and subsisting during the winter 
on the accumulations of alfalfa hay produced during 
the preceding summers. A few areas produce summer 
crops of celery and sugar beets, but the chief emphasis 
is upon the livestock feed. 

THE ECONOMY OF THE DESERT INDIAN 

W h e n  first contacted by the white man, the Indians 
of the American deserts consisted of a number of 
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widely varied groups. Some, such as the Papago 
of south-western Arizona, were primitive hunters 
and gatherers. Other hunters and gatherers, like the 
Apache, had recently acquired the horse, and had 
had their economy greatly strengthened thereby. 
A third type, represented by the Pueblo tribes of the 
Rio Grande Valley of N e w  Mexico, carried on intensive 
irrigation agriculture. 

Equally varied were their relations with the white 
man. Some, like the Papago, living in undesirable 
country, were ignored by the newcomers and still 
live today in the same primitive manner, with but 
little modification from the contact. The Apache 
vigorously opposed the advance of the white m a n  and 
fought long and bloody campaigns before their eventual 
capitulation. The peaceful Pueblo farmers accepted 
Spanish control three centuries ago and have continued 
their agricultural pursuits with only superficial 
changes until the present day. 
The Papago today occupy a large reservation in 

south-western Arizona. From its Sonoran-type vege- 
tation, the sparse population manages to eke out a 
scanty existence by hunting and gathering and by 
herding a small number of cattle and other semi- 
domesticated animals. Because of the dry winterlcss 
climate, their dwellings need be little more than 
shelters. Many of the men, and sometimes entire 
family groups, work as farm labourers from time to 
time in the adjacent irrigated lands along the Salt 
and Gila Rivers, and some of the more ambitious 
leave the reservation permanently for employment 
elsewhere. Generally speaking, however, most of the 
tribe seems to prefer the simple and easy-going 
reservation life. Their purchasing power is low, but 
their needs are not great. 
This tribe has been less affected by the advent of 

the white man than any other group in the United 
States. Efforls of the Indian Service of the federal 
government to improve their way of life have been 
only moderately successful. The greatest advances 
have been made in the improvement of cattle and the 
development of belter water supplies. One thing 
should be clearly understood-these people have not 
been pushed from better lands into the undesirable 
desert tract they now occupy. The present reservation 
is their traditional home, and they now live there by 
choice. 
The Apache formerly ranged all of southern Arizona 

and all but the north-eastern portion of N e w  Mexico. 
Before the advent of the white man they were a 
warlike group, recurrently fighting with similarly 
warlike neighbours and preying upon the peaceful 
Pueblo tribes. When Lhey obtained the horsel their 
capacity for war was increased immensely, and for two 
centuries they terrorized the south-west. 
Today they are peaceful, industrious cattlemen. 

Their extensive reservations include large areas of 
high mountain country, ideal for summer grazing, 

and lowland tracts for wintering their cattle. Many 
of the herds are composed of well-bred Herefords, 
developed in part through the assis tance of the Indian 
Service, and in part through their own efforts. 
These people have found a secure place for them- 

selves in the modern American economy by adjusting 
their former way of life, with its attendant love of 
horsemanship and the open country, to the continuing 
demand for good beef. Thus their former hunting 
and gathering culture has been exchanged for a 
profitable commercial pastoralism. 
On the other hand, their relatives and neighbours, 

the Navajo, have not been so adaptable. Originally 
a warlike, nomadic group, they waged a long and 
bitter war with the whites, and were eventually 
settled on a reservation in northern Arizona. But 
while the reservation is large in area, it is steppe and 
desert country and the carrying capacity of its range 
is very low. In the last half-century, the Navajo 
have increased greatly in population, and their herds 
and flocks have multiplied accordingly. Today, the 
Navajo reservation presents a sorry picture of over- 
grazing, range destruction, and poverty. 
The Navajo has not been able to adjust to the 

modern economy. Rather than raise marketable 
beef cattle, they raise large flocks of sheep and goats 
and droves of horses. Most of these are quite worthless, 
both to the Navajo and on the open market, yet 
they are a portion of the tribal tradition with which 
the people refuse to part. In religion, custom and dress, 
too, the Navajo cling to the old ways more than any 
other Indian group. 
Some cash income is provided by seasonal employ- 

ment of men off the reservation-particularly as 
railway and agricultural workers. Some Navajos 
engage in the weaving of woollen rugs and blankets, 
woven in keeping with ancient traditions, and in 
the production of silver and turquoise jewelry, at which 
they are remarkably expert. 
The Navajo situation is something of a national 

disgrace, and has so been for over half a century. 
Part of the blame is to be placed on the Indians 
themselves, for their inability or refusal to alter 
their ways; but much of the blame must be placed on 
the federal government. Long ago the reservation 
should have been enlarged to include areas of good 
arable land and better grazing tracts, and more effort 
made to introduce better animals, better grazing 
techniques and better agriculture. Something is 
being done in this way today, but it is half a century 
too late. 
With the control of the Colorado River by the cons- 

truction of the larger dams, the parts of the Indian 
reservations along its banks which were formerly 
subject to annual floodings have become available 

1. The horse wns first introduced into America by the Spanish. Peru1 unimaln 
sprend rapidly and certain of the western triùeti obtained mounts even 
Iirfore the arrivnl of the white m a n  in their pnrticulsr territory. 
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for agriculture. Selected families from the Navajo 
and other reservations have moved to these areas 
and carry on agriculture Lhere by modern mechanized 
techniques. 
In the Rio Grande Valley and at several places 

in the plateau country to the westward, groups of 
Pueblo Indians carry on irrigation agriculture in 
much the same way their ancestors did in pre-Spanish 
times. Since they were peaceful sedentary agriculturists, 
their rights to land and water were respected by the 
Spanish and later by the American Government. 
Today their ancestral fields lie within their respec- 

tive reservations. Water is supplied in some cases 
by simple weirs of their own construction, and 
sometimes by larger structures built by the Indian 
Service. All of the older crops are still raised: corn 
(maize), beans, squash and melons; but to them have 
been added certain European imports, such as the 
deciduous fruits. While the people are theoretically 
Christian, they still scrupulously practice all of the 
ancient rites associated with agriculture. Cultivation 
is still carried on by hand, yields are low, and almost no 
saleable surplus is produced. Hence this is still essen- 
tially a subsistence form of agriculture. 
Some of their villages have, however, undergone 

a certain degree of modernization. Glass windows 
have been placed in formerly windowless houses ; 
some dwellings have been electrified, and have not 
only lights, but radios, electric refrigerators and even 
washing machines. A few trucks are present in each 
village; some are privately owned, and others are lhe 
communal property of the group. The money neces- 
sary for such purchases is derived from the non- 
agricultural pursuits of the people: some work off- 
reservation as agricultural labourers; others engage 
in the making of silver and turquoise jewelry and beau- 
tifully proportioned pottery. 

RECREATION AND URBANIZATION 

A tremendous recreational development has occurred 
in the warm-winter portions of the American desert 
within the past few years. The interest began a couple 
of decades ago with small-scale tourist developments 
at several of the more attractive spots, and since 
World War II it has expanded into a tremendous 
recreational boom. It has taken on several aspects : 
gaudy, highly publicized Las Vegas, lavish Palm 
Springs, middle-class Twenty-Nine Palms-all week- 
end or winter vacation resorts; Phoenix and Tucson 
-combinations of resort and retirement centres ; and 
Apple Valley and Lucerne Valley, California, and 
Wickenburg, Arizona-dude ranch centres. 
The desert has drawn people to it for a variety of 

reasons : to relax, to hike, to ride horseback, to swim 
in artificial pools, to enjoy the beauty, the climate, 
the solitude. Just as people in other parts of the world 

are drawn to the seashore or the mountains, so in the 
west they are drawn to the desert. They paint or 
photograph its landscapes, ride its trails, study its 
birds and plants. There are even magazines devoted 
entirely to it, such as Desert Magazine and Arizona 
Highways, replete with colourful illustrations and 
recounting of desert lore. 
Obviously the greatest users of such desert resorts 

are people from the nearby cities, particularly Los 
Angeles. To an increasing degree, however,, people 
from the east and the.middle-west are coming to the 
desert for mid-winter vacations, to bask in the sun, 
swim out of doors and play golf while their friends at 
home are snowbound. 
The federal government, realizing that large tracts 

of desert land would never pass into private control 
even under the Taylor Grazing Act, has recently 
made large areas available for private recreational 
use under the Small Tracts Act. By its provisions, 
individuals can obtain title to 5 acres of desert land 
for merely the cost of a fling fee and the construction 
of a small, inexpensive building. 
A great many of the weekend occupants of such 

desert areas are escapists-fleeing from the smog, 
the congestion, the hurried pace of modern urban 
life. Eventually some of them, living on pensions or 
investments or earning a living by some occupation 
which does not require continued presence at an 
urban desk or machine, decide to remain in the desert 
permanently. 
Because of the necessity of being accessible to utili- 

ties, most of these new desert dwellers come to live 
within the limits of the areas where water, electricity, 
etc., are provided, thereby creating open, sprawling 
communities. Their presence creates a need for services, 
and commercial centres develop to provide them- 
thereby providing a means of livelihood for still 
other ‘escapists’. As a result, a ‘rurban’ aspect has 
already developed over certain parts of the south- 
western deserts. 
In the minds of people from other parts of the 

country, such year-round occupance of the desert 
seems unattractive, if not impossible. There is always 
the idea of a ,desolate environment, unpleasant in 
all ways. Such was actually the case with early desert 
dwellers, suffering from heat, short of water, isolated 
by poor roads, and lacking all amenities. But today, 
with modern technology, desert living is very pleasant. 
With homes designed to reduce glare and reflect rather 
than absorb heat, with air-cooling facilities an integral 
part of every building, with swimming pools, mechani- 
cal refrigeration, adequate water supply and sewerage, 
with paved roads, telephone, radio and television 
to overcome the isolation, the desert becomes an 
ideal place for living. Actually it is no more difficult 
or unreasonable to cool a house against the heat of 
the desert summer than it is to heat it against the 
cold of a N e w  England winter. 
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THE FUTURE 

Part of the future of the arid lands of America is to be 
seen in the recreational and ‘rurban’ developments just 
described, But in the writer’s opinion, even greater 
and more drastic developments lie ahead, which will 
completely revolutionize the present concept of the 
deserk. Before discussing them, however, let us list 
the present uses and evaluate the problems of these 
areas. 
Areally, by far the greatest part of the desert is 

devoted to the grazing of livestock. Without question, 
this is the best use for the land, and one that will 
remain far into the future in many areas. On the other 
hand, it is an extensive form of activiiy, yielding 
only a low return per square mile; economically, 
it is therefore a poor competitor, likely to be displaced 
by an activity that yields at a higher rate per unit of 
land. It is for this reason that the grazier has already 
been displaced from the irrigable lands by the agri- 
culturist. 

Irrigable land is very productive and very valuable, 
particularly in the warm-winter southern deserts. 
Despite common notions to the contrary, however, 
irrigable land in the United StaLcs has about reached 
its practical limit under existing technology. This is 
not due to a shortage of potentially irrigable land 
(many untouched bolsons still have plenty of that), 
but rather is due to a shortage of available water. 
Underground basins are being exploited to the extreme; 
exotic streams have already been tapped to their 
fullest extent. Additional supplies can come only from 
extra-desert sources by large-scale diversions, greater 
than anything w e  have seen heretofore. For the most 
part, it will be a case of diverting water from humid 
lands into the arid. From the engineering viewpoint, 
this is neither impossible nor impractical, but it 
will be expensive, requiring heavy appropriations 
from governmental sources. More significant, it 
will raise important political issues, many of them 
based on deep-seated sectional emotionalism. For 
years the state of California has been torn asunder 
politically by the conflict between the humid north 
and the scmi-arid south over the water diversion 
issue. It is far more likely that the politician will 
find such proposals inexpedient than that the engineer 
will find them impractical. 
In short, the likelihood of large-scale expansion 

of irrigation in the American desert is not great, 

under existing circumstances. However, it is very 
likely that future technological advances will alter 
the situation completely. 
If the desalinization of sea water can be cheapened 

to the point where agriculturists can use its product 
on their lands, large areas might become available 
for irrigation. More probably, such water will be used 
for urban supplies, releasing more of the water from 
exotic sircams for agricultural use. 
The present ’rurban’ developments will undoubtedly 

continue to expand rapidly, until very large arcas 
of desert country are occupied by them. Their expan- 
sion will be partly at the expense of the graziers, 
and partly at the expense of the agriculturist-both 
of whom they can displace cconomically, for the 
value of land for residential use, even in the desert, 
is higher than any agriculiural or pastoral use. 

Some of the desert arcas are developing still another 
economic hase for occupational activity-and thus, 
in the writer’s opinion, portending the future basis 
for growth in the American desert,: in an already 
very significant manner, industry is being established 
in the desert landscape. T w o  arcas are pioneering 
along these lines: the Antelope Valley of California, 
and the Phoenix area of Arizona. The former is the 
site of several large aircraft plants, while the latter 
has a mixed group of industrial enterprises. Both 
are, in a sense, climatically based : the former because 
the high incidence of good flying weather facilitates 
testing operations; the latter because management. 
and employees alike found the climate to their liking. 
It is probable that in the near future a means of 

utilizing solar energy as a power source will be deve- 
loped. At that time, the American desert will 
undoubtedly undergo a tremendous industrial deve- 
lopment. Cheap power for the industrial plants 
themselves will be available, as well as for the 
accompanying residential and commercial areas. 
At the same lime, some of the harnessed solar energy 
can be used for pumping and desalinization of sea 
water, so that adequate water supplies will be available. 
It is even possible that agricultural areas m a y  expand 
with water from this source. 
In short, it seems quite safe to predict that the desert 

area of the United States will, during the immediate 
future, develop steadily as a recreational, residential 
and ‘rurban’ area, that its agriculture will continue 
at its present high level, and that the future holds 
a reasonably good promise of industrialization. 
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LAND UTILIZATION 
IN THE ARID REGIONS OF SOUTHERN AFRICA 

Part I: SOUTH AFRICA 
bY 

WILLIAM J. TALBOT 
Professor of Geogruphy, University of Cupe Town, Union of South Africa 

THE C H A R A C T E R ,  E X T E N T ,  AND 

ARID REGIONS 
PRE-EUROPEAN OCCUPANCE OF THE 

Aridity, perennial or seasonal, and drought, recurrent 
or occasional, are keynotes in the landscape and the 
economy of South Africa; water was, is, and will 
always be omnipotent. Water directed the footsteps 
of its pioneers, circumscribes its agricultural economy 
and may largely dictate even the prospects of indus- 
trial expansion in its economic heart-land, the 
High Veld. Over more than 300,000 square miles, 
nearly two-thirds of the Union, the mean annual 
precipitation is less than 20 inches; over 85 per cent 
of the country most of the precipitation falls in 
summer when evaporation and transpiration are 
most rapid. It is estimated that only about 6 per 
cent of the precipitation becomes available as surface 
run-off and, although probably half of this flows 
through the arid regions, lack of suitable storage 
sites and irrigable land limit the extent to which 
this can be used to supplement the scanty rainfall. 
Consequently, although the arid regions include 
more than 60 per cent of the land in farms, they 
include only about half of the area under irrigation 
and less than 15 per cent of the cultivated land, 
45 per cent of the sheep but less than 20 per cent 
of the cattle, only 20 per cent of the rural Whites 
and, with a rural density of the order of two per 
square mile, less than 10 per cent of the rural popul- 
ation of all races. 
Like most of Africa, much of the Union is a land 

of relatively level landscapes, remnants of ancient 
erosion surfaces whose level profiles are paralleled, 
emphasized, and continued over the whole of the 
Orange Free State and most of the Cape Province 
between 300 S. and 330 S. by the innumerable dolerite 
dikes that invade-and in Basutoland by the immense 
basaltic lava flows that overlie-the otherwise scarcely 
disturbed sandstones and shales of the Karoo system.l 

Its elevation has been determined largely by 
recurrent epeirogenic movements (particularly those 
of the mid-Tertiary) that raised these almost level 
surfaces to form the broad 2,000-6,000-f00t high 
plateaux that occupy most of the Union. The rejuvena- 
tion resulting from these movements added IWO 
spectacular features to the relief : renewed erosion 
carved from the seaward edge of the plateaux the 
3,000-10,000-foot high Great Escarpment that extends 
under many local names2 from beyond the Orange 
River in the north-west to the Soutpansberg in the 
north-east and, from the bevelled roots of an early 
Mesozoic mountain system, sculptured the 5,000- 
7,000-foot high sandstone and quartzitic ranges 
whose rugged crestlines now dominate the landscapes 
of the southern Cape Province. 
Extending from 220 S. to 350 S., most of the Union 

lies within the summer rainfall belt. In summer, 
relatively high temperatures prevail despite the 
altitude and low barometric pressures occur over 
the interior and facilitate the indraft of marine 
subtropical air from the east and north-east. Orogra- 
phic effects make precipitation fairly dependable on 
the windward slopes east of the Drakensberg, but 
beyond the crestline, where the relatively even 
surface descends gradually westwards, summer preci- 
pitation is dependent almost entirely upon frontal 
disturbances and other atmospheric instabilities and 
decreases in amount, frequency and reliability towards 
the interior. In winter, when the depressions generated 
along the polar front approach more closely to Africa, 
frontal precipitation is fairly widespread in the 
coastal regions of the southern and south-western 
Cape Province, but sparse and unreliable north of 
330 s. 
1. 

2. 

Deposits ranging in age from late Carboniferous to lower Jurassic, well 
developed within the Karoo but extending far beyond its geographical limits 
to outcrop also over Basutoland, much of Natal, and most of the Orange 
Free Stale. 
Kamiesberg, Roggeveldberg, Niemvcveldberg, Sneeuwberg, Stormberg, 
Drakensberg, nnd others. 
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Thus in the Union a typical subtropical west coast 
arid region extends far into the interior. A southern 
annexe thereto in lhe Little Karoo extends eastwards 
into the Groote, Sundays, Great Fish, and tributary 
valleys in the lee of the Cape Ranges, while in the 
Transvaal, the low elevation of the Limpopo Valley 
and the sheltered situation of the L o w  Veld in the 
lee of the Lcbombo Range have condemned both 
of these areas to high summer temperatures and 
a scanty, uncertain rainfall. 
These arid regions, that altogether comprise more 

than 60 per cent of the total area of the Union, 
m a y  be delimited approximately by the 10-inch 
(25-cm.) mean-annual isohyet in the winter rainfall 
region and by the 16-inch (4~0-cm.) isohyet in the 
summer rainfall region or may be defined more 
closely in terms of precipitation-evapotranspiration 
equations [69, 701.l But inasmuch as the character 
of the natural grazing is the most significant determi- 
nant of contemporary land use in the semi-arid/ 
subhumid marginal zone, the area now occupied by 
the arid and semi-arid types of veld2 provides the 
most practical definition of the arid regions of South 
Africa for our present purpose (Fig. 1). This definition, 
of course, does not define a stable area. In fact no 
fixed limit to the arid regions can be posiulated. 
So long as injudicious land use continues to impair 
the extent to which precipitation is made available 
to the living plant, so long will actual run-off and 
actual evapotranspiration depart unprediciably from 
computations of their potential values and arid 
landscapes will continue to invade subhumid climates. 
South of the Orange River, most of the arid 

interior is known generally as the Karoo or is referred 
to more specifically in terms of its physical sub- 
divisions : the Little Karoo (between the Langebergen- 
Outeniqua Range and the Swartbergen), the Great 
Karoo (between the Swartbergen and the Nieuweveld- 
Sneeuwbergen escarpment), the Upper Karoo (north 
of the escarpment), and the Doorn Karoo (between 
the Cedarbergen Range and the Bokkeveld Range 
on the west and the Roggeveld escarpment on the 
east). Derived from a Hottentot word: !guro6 signify- 
ing parched or desiccated, the term Karoo has 
become also a synonym for the desert-shrub vegeta- 
tion characteristic of these regions where the scanty 
precipitation varies widely from year to year in 
both amount and seasonal distribution. Small-leaved 
evergreen woody shrubs, 1-2 feet (0.3-0.6 m.) high 
and widely spaced over generally bare ground, 
present a deceptively monotonous appearance that 
masks an exceptional wealth of species (including 
grasses) except when timely and effective rains 
transform the wilderness into a floral paradise. 
West of the plateau edge, where more than three- 

quarters of the precipitation normally occurs in the 
winter half-year, April to September, desert succulents 
are conspicuous and locally dominant. In the Coastal 

Sandveld-a zone of frequent sea-fogs and heavy 
dews-succulents and low sclerophyllous bushes are 
intermingled and grasses were originally abundant. 
In the south the Little Karoo is also characterized 

by a succulent bush, though of a taller growth habit 
and of different species. In the semi-arid sections 
of the valleys of the Groote, Sundays, and Great 
Fish rivers, this passes into a succulent scrub that 
is dominated by thorny euphorbias and aloes. 
Locally, mountain ranges introduce areas of higher 

precipitation and lower night temperatures and, 
therewith, representatives or relatives of plant species 
characteristic of the sclerophyll bush of the south- 
western Cape Province. Broken relief, whether in 
mountainous country or in areas of active stream 
dissection in the vicinity of escarpments or of incised 
rivers such as the Orange, also introduces local 
variations in edaphic conditions Lhat interrupt the 
broader stretches of uniform vegetation by mosaics 
of different Karroid plant associations-aptly termed 
gebroke veld or broken veld. 
North of the Orange River, where more than 

70 per cent of the rainfall usually falls in the summer 
half-year, October to March, grasses become dominant 
and the vegetation assumes the character of a generally 
open savanna, with scattered kameeldoorn (Acucia 
giruffue) and other small deciduous thorn trees. 
Similar savanna vegetalion covers much of the 
Kalahari and, with more abundant and varied tree 
growth, the Limpopo Valley and the L o w  Veld of 
the eastern Transvaal. 
In their primeval condition these regions, despite 

their aridity, supported a surprisingly numerous and 
varied fauna : the wooded savannas were the haunt 
of buffalo, elephant, udu, and giraffe; wildebeest, 
hartebeest, gemsbok, nd innumerable other fleet- 
footed antelopes shared the open country with the 
wild ostrich; springbok abounded in the Karoo 
and, even towards the end of the nineteenth century, 
occasionally swarmed across the country in herds 
numbering several hundred thousand; the hippopo- 
iamus inhabited perennial rivers everywhere; the 
eland, the zebra, and the carnivores that preyed 
upon all-the lion, leopard, hyaena, wild dog, and 
jackal-were ubiquitous [71]. 
In this Eden the Bushmen, survivors of a Mesolithic 

hunting people who at. one time roamed most of 

1. The figures in brackets refer to the bibliography at the end of the ehnpter. 
2. The term ‘veld’ (pronounced ‘felt’) lias various meanings, nccording to 

the context. ‘It m a y  mean the countryside as opposed to the town. It 
m n y  be used with n descriptive adjective either to distinguish a particular 
kind of aren, e.g. snndveld, hardeveld, and bushveld, or to hignify a broad 
natural region, e.g. High Veld, the term “veld” then heing used in the same 
sense us puys or Lnndschuft’ [76, p. xi]. Similnrly it m n y  connote either 
grnzing land in general, e.g. veld or weiueld, or a vegetntion typc, e.g. thorn- 
veld. 

Grazing Innd is usually cliarneteriwd as sweet veld, sourveld, or mixed 
vrld nccording to its palatability to livestock throughout the year. Sweet 
veld remnins pnlntnble nnd provides fairly niitritious grazing at all seasons; 
sourveld is palatable nnd nutritious in the enrly part of the growing sea~on 
but the grasses become hard, fibrous, nnd of low digestibility and nutritive 
vulue witb the approach of the dormant senson [76, p. xi and m a p  IV, 
p. 245-250]. 
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BIG. 1. Veld types and seasonal movements of livestock. (Veld types generalized from Acocks [l].) 

the African grasslands, found their last asylum in 
the Karoo and the Kalahari. Omniverous and resource- 
ful, skilled hunters and trackers, the Bushmen were 
masters of the art of survival. WiLh short bows 
and fragile arrows, made lethal with a wide variety 
of poisons, and with ingenious snares, traps and 
decoys, they were deadly hunters; with traps and 
spears they fished the rivers; with simple digging 
sticks they collected a great variety of edible roots, 
fruits, herbs, insects, reptiles, eggs, honey, and other 
veldlcos (wild food). Finally, with their stamina, 
experience, and intimate knowledge of their habitat 
they could, when necessary, survive for months- 

like the gemsbok-in areas devoid of free surface 
water. F e w  in number and nomadic within the 
confines of the hunting territory of their respective 
bands, they left no scars upon the landscape and 
history m a y  well honour them, not as Africa’s 
most primiiive, but as one of her least destructive 
peoples. 
The Hottentots, relatively late-comers to the SouLh 

African scene, appear to have moved across the 
lower Orange River with their cattle and sheep 
sometime before the fourteenth century [67, p. 20-501 
and thence LO have moved southwards to occupy 
the areas of succulent Karoo and of arid broken 
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vcld in Namayualand and the sclerophyll bush in 
the south-western Cape Province, whence they 
spread eastwards through the Cape Ranges and the 
Great Karoo. Although they were primarily pastoral 
nomads, their staple diet of curdled milk was sup- 
plemented occasionally by hunting, fishing and 
gathering-activities in which they employed many 
techniques obviously derived from the Bushmen. 
Among them each Lribe claimed as its territory all 
the land where its stock were regularly grazed during 
the year, However, since they migrated seasonally 
(and in times of drought migrated far) in a sparsely 
peopled country, it appears unlikely that any of 
their tribal areas were rigidly defined [66, p. 2861. 
Among the Hottentots all of the tribal territory 
was regarded as the inalienable common property 
of the members of the tribe. A chief might either 
gratuitously or on payment grant a stranger permission 
to water or to graze his stock on tribal land but 
such permission granted usufruct only-although too 
often misinterpreted by early European colonists 
as a grant of title. 
The livestock of the Hottentots are of particular 

interest. Not only were they the source of the slaughter 
stock to provision ships-initially one of the chief 
reasons for the establishment of the first European 
outpost on the South African coast-but they also 
became the foundation stock of the flocks and herds 
that later provided the economic basis for the expan- 
sion of the embryonic European colony far into 
the interior. The cattle, vari-coloured but largely 
of the lateral-horned zebu type [Zl, p. 6211, were 
the parent-stock from which the colonial farmers, 
through two centuries of selective breeding for 
teams of powerful, evenly matched, reddish-brown 
draught oxen, derived the modern Afrikander cattle 
[8, p. 91. The Hottentot, or so-called Cape, sheep 
appear to have heen of mixed origin, stemming 
from at least two non-woolled strains : one a long- 
tailed breed (long preserved fairly pure among the 
Namaquas in the north-west) and the other a broad- 
tailed, fat-rumped breed (the dominant strain today 
in the ‘Ronderib’ Afrikander breed) [30, p. 643; 731. 
Hardy and better able to range widely in search 
of grazing than the woolled sheep of a later era, 
they were destined to become in the eighteenth 
century in the hands of the colonial farmers not 
only the chief contributors to the economic wealth 
of the Colony but also its most effective promotors 
of frontier advancement. Goats were apparently 
acquired relatively late by the Hottentots (possibly 
from the Bechuana who were known to them as the 
Birina, i.e., goat people) and were never held in 
high regard. Large, prolific, hardy, and showing 
many variations of form and colour, the native 
goats have been little improved by European stock- 
breeders and survive today virtually unchanged in 
the ubiquitous ‘Boer’ goats. 

THE KAROO AND OTHER ARID REGIONS 
SOUTH OF THE ORANGE RIVER 
(THE EUROPEAN O C C U P A N C E ,  1730-) 

TUE HINTERLAND OF A VICTUALLING STATION 
( 173 O- 1800) 

The Europcan occupance of the arid regions did not 
begin until after 1730, three-quarters of a century 
after the first European settlement in South Africa 
was established. This wa8 a re-victualling slation 
on the 12,000-mile voyage between western Europe 
and south-eastern Asia-established to perform a 
function that remained the keynote of the country’s 
economy €or two hundred years. Table Bay-situated 
approximately midway and, moreover, near the 
intersection of the outward and homeward bound 
sailing routes-offered a sheltered anchorage, abun- 
dant fresh water, slaughter stock to be bartered 
from the natives, and cultivable and irrigable land 
in a healthful ‘Mediterranean’ climate of mild, rainy 
winters and dry, sunny summers [77, p, 57). The 
Dutch outpost established there in 1652 became 
the nucleus of a colony producing livestock, vegetables, 
fruit, wine, brandy and grain primarily for passing 
ships. It received few immigrants but after the first 
few decades its white population began to grow 
rapidly in numbers. They developed grain and wine 
farms particularly on the well-watered piedmont sites 
within 40-50 miles of Table Bay and, beyond the 
limiting radius of economic wagon transport of such 
produce, turned increasingly to stockbreeding-an 
enterprise that everywhere demanded less capital 
and drudgery than arable farming and generally 
provided more profit and adventure, especially when 
combined with hunting and with illicit bartering 
with and stock-thieving from, the Hottentots beyond 
the official frontiers. In this way the European commu- 
nity became innoculated with the yeast whose ferment 
was to cause it to spill over ‘the Mountains of Africa’ 
-the mountain chains that had confined it for 
half a century to the lowlands west of the 190 E. 
meridian-and to spread far to the north along the 
Atlantic slope. 
The first-settled areas, although enjoying adequate 

winter rains, were conspicuously poor in summer 
grazing. Through barter and natural increase the 
colonists’ sheep and cattle became more numerous 
and therefore the seasonal transfer of stock to more 
distant pastures became a necessity. Although at first 
the movement was opposed by obtuse officialdom, 
after 1703 it was officially recognized and legalized 
by the issue of grazing licences [105, p. 671. To 
conserve their own animals for breeding and for 
market, the colonists had become accustomed from 
the early days of the settlement to take advanlage 
of the abundance of wild game, to shoot for the pot 
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and to stock their larders with biltong (dried venison). 
BUL as the game in the settled areas was killed off 
or scared off, iL became necessary LO go farther afield 
for biltong and hippopotamus bacon that had become 
pari, of the South African diet and for the horns 
and ivory that. had become common supplementary 
sources of cash income to many colonists. And as 
hunLing provided incentives to open new trails farther 
inLo the wilderness, the hunter scouted the country 
ahead of the advancing herdsman-at first north- 
wards until impeded by lack of water beyond the 
Olifants River and, later, eastwards to where the coastal 
plain was pinched out between the forested mountains 
and the sea beyond Mossel Bay. 
The HottenLots, never great warriors, offered little 

effective opposition to European encroachment upon 
their territory and none at all after 1689. After some 
hostilities in the early years of the settlement they 
either withdrew as tribal groups before the Whites 
or became economically dependent upon them as 
individuals, serving as shepherds, hunters, guides, 
and interpreters. Furthermore, they died by the 
hundreds in the smallpox epidemic o€ 1713; rater 
many of the survivors trekked into the interior 
to save their animals from the unusually virulent 
stock diseases1 prevalent at the time so that by 1727 
it was reporLed that no Hottentot encampments 
remained within 250-300 miles of Table Bay. 
By 1730 pioneer colonists were poised on the south- 

western fringes of the arid interior; in 1744 war 
between Britain and France brought warships and 
troopships into Table Bay to swell the growing stream 
of shipping demanding produce and slaughter stock 
-amounting in some years to more than 10,000 
head of sheep [56, p. 491, a far greater number 
than the dilatory stockbreeding and irregular trading 
of the Hottentots could ever have provided. Herein 
lay the colonists’ opportunity and the economic 
incentive to carry their pattern of extensive pastoral 
land use from the lowlands of the Cape far into the 
arid interior. For more than two hundred years, 
from its foundation until the Suez Canal and the 
steamship changed the pattern of the sea routes 
between the Atlantic and the East, the Colony was 
to continue to enjoy a foreign market for fresh meat 
and butter literally at its very doorstep [56, p. 1751. 
It could offer the seafarer tough beef or tender mutton 
-and of the latter the supply was potentially un- 
limited when the Karoo could offer 100,000 square 
miles of grazing where the hardy fat-tailed sheep 
could wax so fat as to be still in prime condition 
after being driven 150-200 miles to the coast [83, 
p. 1531. 
Thus in South Africa, as in Australia, it was the 

sheep that pioneered the colonization of the arid 
interior-but the movement was a century earlier, 
in a pre-industrial era, and was based upon mutton 
and tallow, not upon wool. 

A D V A N C E  0% THE GRAZIERS 

The advance of the graziers was closely controlled 
by relief, natural vegetation, and surface waters- 
the three factors that, together with the distribulion 
of Bushmen and Bantu, were also to determine 
the frontiers of settlement for many decades. From 
the Swellendam grassveld in the south they filed 
through the poorts (water gaps) in the Langebergen, 
some to seltle by piedmont springs around the peri- 
phery of the Little Karoo and others to spread east- 
wards towards Algoa Bay along the wide intermont 
valleys of the Cape Ranges. From the uplands of the 
Bokkeveld they trekked across the Doorn Karoo 
towards the Great Escarpment, some to spread 
northwards along the crest of the Roggeveld and others 
to follow the scarp-foot spring-line eastward salong 
the foot of the Nieuweveldbergen and Sneeuwbergen 
to the headstreams of the Sundays River. There- 
where the eastward-moving Whites were stayed 
by collision with the wesiward-moving Bantu and 
were held on their northern flank by Lhe Bushmen 
entrenched in the fastnesses of the Sneeuwberge- 
Graaff-Reinet, the fourth town to be founded in 
the Colony, was established as a frontier outpost 
and magistracy in 1786. Meanwhile in the west, 
other graziers, in smaller numbers, infiltrated north- 
wards beyond the Olifants River to settle where the 
aridity of Namaqualand is ameliorated by altitude 
on the Kamiesberg. 

L A N D  T E N U R E  

Land tenure beyond the limits of the Cape-Stellen- 
bosch-Drakens tein settlements was initially on a 
basis of grazing licences, at first valid for a few months 
and later for a year. Each conferred freely the right 
to as much grazing as the licensee needed in a vaguely 
defined area of unalienated land. This system had 
evolved in the southwest in a society where the 
‘Vereenigde Oost Indische Compagnie’ was tacitly 
accepted as the owner of all land not specifically 
assigned to private ownership. It regulated satis- 
factorily the use of common grazing by the relatively 
limited numbers of livestock in the possession of 
the first agrarian communities. To the individual 
grazier, as each first moved into the hinterland, 
the system was equally satisfactory inasmuch as, 
with its vague phraseology, Lhe grazing licence legal- 
ized nomadism and entitled him to move on to new 
pastures-as the Hottentot had done-as often as 
need or desire might dictate. Later, when the nomads 
found the spots best suited to settlement, they began 

1. Gcilsickie, a form of cyanide poisoning that fol~owe grazing on certain 
plants, enpecinlly wilted young growth, and which nppcare to have been 
unueually widespread after the 6rstrains that hroke the 1714-1715 drought. 
Furthermore, in 1723 the first recorded epidemic of foot-and-mouth disease 
awcpt thc Colony [81, p. 2631. 
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to request not licences to use an ill-defined range 
in communiLy wilh others but exclusive grazing 
rights in spccified localities of their own choice, 
named in Lhe document and identified by a beacon 
or by farm buildings in the field. Thereupon, without 
formality, from small beginnings in 1708 Lhe loan- 
farm system came into being [105, p. 751. The first- 
comers Look the best spots, camped there seasonally 
(or in some instances erecLed buildings and corrals) 
and at other seasons resumed a transhumant or a 
nomadic existence. Later-comers established their 
claims between or beyond them but everywhere 
with the realization that it would be mutually advan- 
tageous to settle sufficiently far from one's neighbours 
so as to restrict the grazing area of none. This condition 
was easier LO fulfil in 1750 than in 1790 but by then 
custom had established an unwritten law thaL pre- 
scribed a minimum distance of one hour's walk 
between farmsteads. Farm boundaries remained 
undefined but the exLent of a farm was generally 
accepted as the arca within the radius of half an 
hour's walk from the farmhouse or farm beacon. 
The system was well suited to the arid inlerior 

and to the near-penniless pioneer. IL gave him, 
besides unlimited grazing on Unalienated land, 
individual and indivisible rights to nearly ten square 
miles in return for an annual fee of less than g5.1 
Although theoretically it gave no security of tenure 
beyond the year's end, it was administered in a manner 
that gave complete security in practice and that 
guarded the land against partition inLo sub-economic 
units. 
Nevertheless by 1809 the British administration 

was convinced that it had outlived its usefulness 
and, after 1813, replaced iL by the eeuwigdurende 
erfpacht or so-called 'perpetual quitrenl' tenure. 
Under this system an accurate survey of each farm 
by a qualified land surveyor was prerequisile to 
Lhe issue of a title deed. Property holders were 
given all the rights and security of freehold tenure 
(apart from the government-reserved rights of way 
for public highways and rights to mine precious 
minerals) in return for an annual rental equal to 
5 per cent of the real value of the farm as judged 
from its extent, the quality of soil and grazing, and 
other relevant circumstances. Later, under Act 14, 
of 1878, provision was made for the purchase of the 
freehold of any such property by payment of iwenty 
times the annual quitrent [24, p. 1551. 
The conversion from the old to the new system 

was a Herculean task, far beyond the immediate 
capacity of the civil service. Confusion continued 
for years during which, pending the arrival of the 
government land surveyor, no one received a legal 
title of any kind but continued to occupy land without 
payment, in some instances for as long as fifteen 
years. New farms (rekzuesplase) were taken up with 
no more formality than the filing of a requesL for 

permission LO occupy an area, defined as under the 
earlier loan-farm sys tem, and everyone proceeded 
on the tacit assumption that in due course occupation 
de facto would be officially recognized as occupation 
de jure 1104, p. 1271. 
An unpopular measure introduced in 1831 was 

the Auction of Crown Lands Ordinance. Henceforth 
new farms ceased to be the birthright of each rising 
generation but became instead privileges that must 
be purchased at public auction. At a time when 
little good land remained unalienated within the 
Colony this Ordinance provided only another stimulus 
to the northwards movement. of the colonists across 
the frontier. In terms of later Acts, grazing on Crown 
lands was made available under leases that gave 
title to large areas of non-arable land for periods 
of five years or longer and under short-term grazing 
licences that conveyed the right to graze specified 
numbers of animals according to the fees paid. Finally, 
the legislation separately enacted in Lhe Cape Colony, 
the Orange Free StaLc and the Transvaal was sup- 
plemented after Union2 by the Land Settlement Act 
of 1912 which not only governed the subdivision and 
alienation of Crown lands but provided for State 
assistance to settlers on both private and Crown 
lands, including assistance in locating and tapping 
water. 

CONDITIONS OP SETTLEMENT A N D  
SEASONAL MIGRATIONS 

By the end of the eighteenth cenLury the European 
had practically displaced and absorbed the Hottentots 
throughout the Karoo. But the system of land use 
with which they supplanted that of the Hottentots 
was not entirely new; on the conLrary it was based 
not only on the livestock of their predecessors but 
also upon the experience, knowledge,and loyal co- 
operation of the countless Hottentot herdsmen, 
shepherds, wagon drivers, and trainers of draught 
oxen who had entered into the service of the Whites 
and without whose help the rapid expansion of the 
Colony could not have taken place 156, p. 741. 
Apart from the Sneeuwbergcn where the colonists 

were repelled by the Bushmen and the Nieuweveld 
where their isolated farmsteads were made unsafe 
by them, Lhc frontiers of settlement were determined 
by water. Around the margins of the Little Karoo, 
along the wide intermont valleys beLween the Cape 
Ranges, and around the margins of the GreaL Karoo 
isolated farmsteads appeared wherever piedmont 

1. Prom 1714 to 1732 the annual fee iva5 12 rix dollars and from 1732 to 1812 
24 rix dollars or 3 oxen 115, p. 1551. Until the collapse of the colonial 
currency early in the nineteenth century, the rix dollar was equivalent 
to four shillings, but Inter declined to ahout one shilling and sixpence [23, 

2. The incorporation in 1910 of the former colonies, the Capc of Good Hope 
and Natal, and tho former republi'b, thc Orange Free State "rid tho South 
African Republic o€ Transvaal, aç a legiblativo uniou, 

P. 40.1. 

3.04 



Land utilization in the arid regions of southern Africa. Part I : South Africa 

springs and perennial streams permitted permanent 
settlement. O thcrs, fewer in number, appeared out 
in the plains, wherever a dike or other rock-bar 
across a major river brought water to the surface 
of the otherwise normally dry river bed. Along the 
high south-weslern and wcstern rim of the Upper 
Karoo, from the Roggeveld and the I-Iantam to the 
Kamicsberg and adjacent uplands of Namaqualand, 
other farms appeared by the sources and head- 
streams of rivers that start but rarely progress far from 
the water-parting between the ocean and the Karoo. 

From their woonplase or home farms in these bctter- 
watered zones, adjacent pastures and more distant 
‘ trekveld’ were used as grazing grounds according 
LO season and to need. Especially in the Lransitional 
zone, between the winter rains of the AtlanLic slope 
and the erratic summer thunderstorms of the Upper 
Karoo, transhumance became strongly developed 
(see Fig. 1). 
In winter the Roggeveld farmers regularly sough1 

refuge from the snows and bitter winds of the high 
plateau and look their ewes down to lamb in the Doorn 
Karoo. The Karoo, then aL its best with the lush 
growth of annuals brought forth by winter rain, 
attracted great numbers of sheep also from the 
Bokkeveld to the west of it where the frost-killed 
sourveld at that season is practically worthless. 

Many Roggeveld and Bokkeveld farmers who 
trekked regularly to the Karoo established claims 
to legplase there, holdings where their stock ‘lay’ 
in winter. These were either additional loan farms 
or recognized out-stations legally annexed to the 
home farms [15, p. 2301. The choice of localities 
suitable for such farms was less restricted than that 
of home-farm sites because after the winter rains 
surface water was fairly widely available for some 
months in pools along the stream channels. 
In Namaqualand the incentives to transhumance 

were and remain even stronger than in the highlands 
overlooking the Doorn Karoo. The seasonal alternation 
in the carrying capacity of the grazing is an alternation 
between feast and famine, between a condition of 
water everywhere and water almost nowhere. Through- 
out much of the year surface waters are pitifully 
few and far between and forty acres m a y  scarcely 
support a single sheep. But given soaking winter 
rains, the bushes put on new growih and the dry 
earth brings €orth an abundance of remarkably 
nutritious annuals-whose spring flowers in some 
years spread a carpet of incredible brilliance and 
beauty over thousands of square miles of erstwhile 
desert-and the veld at its best will fatten four 
sheep to the acre [107, p. 201; 36, p. 51. Moreover, 
the grazing is so succulent that animals have no need 
to drink, the absence of surface water becomes 
inconsequential, and the stock can be taken to graze 
and to lamb in waterless areas where at other seasons 
they could not survive. 

These customs, established in the pioneering days, 
persist today for still another reason. Some land 
near the farmhouse is usually ploughed and lightly 
sown to wheat each autumn; the rains are scanty 
and uncertain but the soil is a rich unlcached pedocal 
and the ploughman’s optimism is rewarded in some 
years by yields of between one and two bushels 
per acre.1 The Namaqualanders, like most farmers 
along the Atlantic slope, have always removed their 
stock elsewhere when there were growing crops on 
the unfenced fields. In the pioneer era there were, 
of course, no fences anywhere in the arid regions; 
in 1900 conditions were little changed in this respect, 
and today the relation between fencing costs and land 
values in Namaqualand is such LhaL it is more economic 
to move the sheep and goats than to fence the crop 
lands. 
In summer, graziers from the more northerly section 

of the Roggeveld, from the Hantam, and from Nama- 
qualand took their stock into the Upper Karoo and 
its broad north-western annexe that is marked on most 
maps as Bushmanland-though it is more generally 
known to the inhabitanis as Die BuEt because it is 
so immense and so flat as to appear, like the ocean 
surface, slightly convex. This was Die Trekveld- 
waLerless and uninhabiLable, except briefly in the 
wake of summer thunderstorms. The rainfall averages 
less than 10 inches a year and in Bushmanland less 
than 5 inches? but when thunderstorms break and 
soaking rains fall the vegetation grows quickly. 
Desert grasses (Aristida obtusa and A. ciliata) that 
regenerate rapidly from seed and the perennial 
blomkoolganna (Salsola tuberculata) provide excellent 
grazing and poisonous plants appear to be completely 
absent. Moreover, the silvery white natural hay 
from these grasscs retains a relatively high protein 
and phosphorus content for years in this arid 
climate. 
However, lacking water, much of this region was 

habitable only when and where the erratic summer 
rainstorms had filled the shallow deiss that dot its 
surface. Here, therefore, there were no Zegplase 
and no other individual rights to grazing or to water. 
The trekveld could be used only on a communal 
basis that gave equal rights to all to follow the rains 
-like the springbok-and to pasture their stock 
by the deis that held water. Furthermore, it was 
originally the hunting ground of the Bushmen and 
the Koranas (a Hottentot group whose ancestors 
had fled northwards from the smallpox and other 
calamities of 1713-1715); as such it was a region 
where stock-thieving followed inevitably on the 

1. Between 1926 and 1938, in the 10 years for which agrioullural census reports 
are nvnilnble, the average yield of wheat in Namaqualand ranged between 
0.11 and 2.1 bushels per acre. 

2. At Pofadder in the 15 years between 1938 and 1955 for which records arc 
available the precipitation of the hyetal year varied between 1.0 and 7.1 
inches. 

3. Local usage dibtinguitihes between freshwater deis (pronounced ‘flays’) nnd 
brackish wntcr pans 1107, p. 1871. 
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intrusion of the graziers. In the clash between 
lawless elements on a lawless fronticr, theft and 
reprisal flared into murder and massacre [53, p. 211. 
Thereafter, until as late as 1869, it remained 
deservedly unsafe for colonists to enter the Bult 
for seasonal grazing as single households [57, p. 881. 

The Hantam and Roggeveld graziers took their 
stock north-eastward to the Cak River area, where 
pools in the channels of the river ancl its tributaries 
usually held water for some months in the summer. 
Later the Roggevelders in particular began to trek 
regularly to summer grazing by the springs and 
seepage waters of the Karreebergen, after the extermin- 
ation of the Bushmen there in the mid-nineteenth 
century. Other graziers from the high country west 
of the Hantam trekked northwards to the springs 
and wells that mark the southern edge of the Bult, 
while Namaqualanders sought summer pastures in 
the vicinity of the springs along its northern edge 
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and in the adjoining broken veld along the Orange 
River. 
In many of these movements the Whites were not 

only most probably following HoLlentot precedents 
but their domestic animals were participating in 
seasonal movements similar if not parallel to those 
of the blesbok, springbok, wildebeest, and other 
game. Almost everywhere the summer trek was 
for the farmers a movc not only to new pastures 
but to new hunting grounds where their supply of 
biltong-verily the staff of life in a breadless cliet- 
could be repleziished [43, p. 125; 48, p. 911. In good 
seasons Bushmanland especially attracted both wild 
fowl and larger game in great numbers and provided 
excellent hunting. 
In addition to their regular seasonal movements 

many farmers were compelled from time to time by 
drought, locusts, or trekbolcke to seek other grazing for 
their stock. Recurrent droughts are, of course, part of 

6 . 1 .  

. . . .  

UTBREAKS OF 
OWN LOCUSTS 

MAJOR CENTRES 

MINOR CENTRES 

APPROXIMATE LIMIT OF OUTBREAK AREAS *I--..* 

FIG. 2. Outbreak areas of the brown locust (Locustana pardulinu) in relation to veld typeB. (Redrawn 
after Faure [32] with veld types generalized from Acocks [l].) 
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the climatic pattern in the South African as in most 
other arid regions of the world. Moreover, the breaking 
of a drought did not always end the period of adversity. 
It was followed in many instances by invasions of the 
brown locust (Locustana pardalina). This occurred 
widely in the solitary phase and from time to time 
would appear in swarms anywhere from South West 
Africa across the whole width of the arid region 
(Fig. 2). Such outbreaks, closely related to weather 
conditions affecting the hatching and to the state 
of the vegetation affecting the food supply of the 
insects, might be either local or extensive but appear 
to have been most frequent in areas where the mean 
rainfall exceeds 10 inches and the vegetation, especially 
grass, is more abundant and more vulnerable to 
drought than in the drier country farther west. 
However, from such outbreak-areas flying swarms 
might invade any part of the country [32]. At other 
times swarms of the African red locust (Nomadacris 
septemfasciata) would sweep in from the north but, 
being indigenous to tropical savannas, rarely invaded 
the Karoo [33, p. 101. 
Immense herds of migratory springbok (Antidorcas 

marsupialis marsupialis), numbering in some well- 
authenticated instances several hundred thousand, 
were less frequent but far more destructive than 
locusts. W h e n  expelled by drought from their usual 
grazing grounds in Bushmanland and the Upper 
Karoo they sometimes came in such numbers as to 
destroy everything in their path; what they did not 
eat they trampled to dust and when they had passed, 
the country was left desolate until the next rains. 
Farmers had no choice but to trek with the stock 
that survived and it is claimed that the area devast- 
ated was in some instances so great that many of 
their animals died before they could reach grazing 
[82, p. 274; 71, p. 2131. 
Thus migrations, regular seasonal and occasional 

emergency movements alike, were part of the Karoo 
grazier’s existence; mobility was for him the key 
to survival. Attachment to any particular loan 
farm was not essential; a m a n  really needed only 
a flock of sheep, a covered wagon with a span of 
oxen, a horse, and a gun. Many spent their lives and 
raised families, and some even amassed modest 
fortunes, with little more equipment than these, 
their stock grazing on unalienated land that was 
free to all or on lonely farms where nomads might 
tarry a while as welcome guests-for visitors were 
only too rare and consequently welcome on many 
a backveld farm. Such was the nomadic trekboer: 
ever seeking green pastures, die wapad was sy woning 
en die reën sy honing (the wagon road was his home 
and the rain his king) [107, p. 244’1. 
The products of the arid hinterland that were 

most in demand at the coast until the nineteenth 
century were, first, Cape sheep and other slaughter 
stock, secondly, the tail fat, soap, and candles that 

were derived directly or indirectly from Cape sheep, 
and, lastly, biltong, ostrich eggs: and other products 
of the chase. Sheep’s tail fat was widely used in cooking 
and at the table; for ships’ stores it was preferred 
to butter. In the remoter districts, however, the chronic 
shortage of casks and the distance from markets 
made tail fat as such unsaleable. Much of it was, 
therefore, combined with the ash of Karoo bushes, 
particularly the bra- g a m a  (Salsola aphylla), to 
make soap or mixed with the harder goat tallow 
to make candles-both products economically trans- 
portable from the frontier, especially when part of 
the wagon load could be made up of more valuable 
products of the hunt such as ostrich feathers, ivory, 
horns, and skins. Therefore the Cape sheep, whose 
inherent suitability to the Karoo had made the initial 
advance into the arid regions technically possible, 
continued in the second half of the eighteenth and 
the first decades of the nineteenth century to provide 
the major economic incentive to advance the frontier 
beyond the regions that could adequately supply 
the market for slaughter stock [56, p. 791. 
As the population increased, settlement tended 

to encroach, wherever water supply permitted, 
upon areas hitherto occupied only as trekveld. In the 
east in the third decade of the nineteenth century, 
after the pacification and final elimination of the 
Bushmen in the Sneeuwbergen, many farmers began 
to transfer their stock regularly to summer grazing 
beyond the Orange River [104!, p. 1351. As the century 
progressed graziers from the upper basins of the 
Sundays and Great Fish Rivers began to settle be- 
tween the Sneeuwbergen and the‘orange River in 
a region of sweet grass and Karoo bush described 
by a contemporary writer as ‘amongst the prime 
sheep walks of the Colony’ [18, p. 2071. From there 
they spread slowly westwards and north-westwards 
into the Upper Karoo and along the Orange River 
toward progressively drier country to where, in 1867, 
a poor farmer’s children would be found playing 
with a 22-carat diamond among the brightly coloured 
pebbles that served as their only toys and, later, 
an obscure Griqua shepherd would pick from out 
of the dust the ‘Star of South Africa’-an 82 2- 
carat gem that would set off the first explosion in 
an economic revolution that would transform the 
basis of the country’s economy within a generation. 

A PRIMARY PRODUCER IN A WORLD 
OF EXPANDING INDUSTRIES (1800-) 

But even before the drawn of the mining and railway 
era pastoral farming was already becoming more 
diversified and its bias was changing. Early in the 

1. Biltong hnd long figured on the townsman’s m e n u  although less important 
there than in the rural diet, while ostriah eggs, because of their keeping 
qualities, were eagerly bought by ships’ officers. 
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nineteenth century, when machines whose prototypes 
had been developed in Lancashire cotton mills were 
beginning to transform the Yorkshire woollen industry 
the invention of the Le Blanc process of soda manu- 
facture and the large scale use of palm oil in place 
of tallow were laying the foundations of the British 
soap industry. The impact of this new competition 
upon the rustic Cape soap industry was accentuated 
by the shrinkage of the local market with the reduction 
of the South Atlantic squadron and of the Cape 
and St. Helena garrisons following the death of 
Napoleon. Henceforth, the rise of the Merseyside 
soap industry on the one hand and the Yorkshire 
woollen and worsted industry on the other were to 
impart an entirely new bias tò South African sheep 
raising. 

RISE OF T H E  MERINO 

This turn of events came at a most opportune time. 
First, in 1789 two rams and four ewes of the Escurial 
Merino breed, renowned for its fleece, the finest of 
the Spanish fine wools and long a jealously guarded 
monopoly of Spain, had been landed at Table Bay. 
By 1797 they and their descendents at the Cape 
numbered 38 and, although 29 were then shipped to 
become the first Merinos introduced into Australia 
and three were sent to England, six purebred Merinos, 
4 rams and 2 ewes, remained in the Colony. Secondly, 
in 1795 the Colony was occupied by the British and, 
apart from a brief interlude under Batavian rule 
(1803-1806), was thereafter to become economically 
as well as politically closely related to Britain. 
In the hands of enterprising colonists, the brothers, 

Sebastian V. and Jan G. van Reenen, and others 
who later acquired breeding stock from them and 
followed their example, the Escurial Merino strain 
was maintained and, in addition, an excellent dual- 
purpose near-Merino type was evolved by upgrading 
selected Cape sheep wiLh purebred Merino rams 
through six or more generations. The result was not 
a tallow producer but a better slaughter animal 
than the Cape sheep and moreover a wool producer 
as well. It carried a 3-pound fleece of good quality, 
fine wool of 4-inch staple and the wethers at two 
years of age weighed 50-60 pounds, 20 pounds more 
than Cape wethers at the same age. Moreover, although 
equally susceptible to scab, then the scourge of all 
ovines in the country, it was reported to be less 
susceptible to ticks and geilsiekte than Cape sheep, 
among which losses from this last cause were estimated, 
in about 1800, to run as high as 20 per cent annually 
[log, p. 621. However, as it is highly probable that 
the new sheep were herded with more care and on 
better grazing than the average Cape flock, a lower 
mortality from plant poisoning may not reflect 

any greater physiological immunity on the part of 
the Merinos and cross-bred Merinos themselves. 
The adverse economic conditions in Lhe Colony 

coerced others, more conservative, farmers to adopt 
the Merino, for it was a period when the increasing 
imports of the growing Colony could no longer be 
balanced by the sale of produce LO the garrison 
and to passing ships. An additional source of overseas 
credit or exchange, such as an export trade in wool, 
was urgently needed. Flocks of high-grade crossbreeds 
were established in the Roggeveld in 1805 and nearly 
120 selected rams were distributed there and in the 
Bokkeveld, Hantam, and adjacent areas on the 
Atlantic slope [78, p. 324,4351. LaLer Lhe British 
administration, keenly aware of the high wool prices 
that prevailed during the Napoleonic Wars and 
recognizing the mutual benefiis Lhat the replacement 
of the Cape sheep by a fine-wool producing breed 
would confer on both the growing Yorkshire industry 
and the newly acquired colony, promoted the transi- 
tion towards wool farming by importing Merino 
breeding stock : 10 rams and 25 ewes in 1815, 10 rams 
and 50 ewes in 1818, and others at intervals to 1826. 
Thereafter, business men, speculators, and farmers 
began to vie with each other in importing Merino 
stock in increasing numbers : many of the Saxon 
Electoral strain were brought in from Britain, from 
Saxony, and from Australia (1830-1850), followed 
by numbers of the larger French Rambouillet type 
(1860-1880), others of the heavy-fleeced Vermont 
type after 1890, and finally large numbers of Wanga- 
nella and Tasmanian Merinos (1910-1929). 
After 1820, following the establishment of a consider- 

able body of British settlers in the hinterland of 
Algoa Bay, woolled sheep rapidly displaced Cape 
sheep in the eastern part of the Colony. For this 
there were several reasons. Most of the new immigrants 
possessed no livestock on arrival. They were familiar 
with woolled sheep, but were unfamiliar with the Cape 
breed. They had no large nearby market for slaughter 
sLock but through Algoa Bay saw prospects of an 
expanding overseas market for wool and, farther 
inland, found grazing progressively better suited 
to high-grade sheep. In the west, on the other hand, 
the long-established colonists occupied grazing less 
suited to Merinos than that in the east and possessed 
larger numbers of Cape sheep, a long-standing attach- 
ment to the breed, and a large market for slaughter 
stock in Cape Town and in the shipping that it serve. 
Many were naturally disinclined and many were 
unable to undertake the capital outlay entailed 
in replacing their stock with woolled sheep. Conse- 
quently, in the Karoo and in the arid section of the 
Atlantic slope, the Cape sheep long held iLs ground 
and, when it finally yielded, it was replaced not 
by a woolled sheep but by a new mutton breed 
evolved from a few fortuitous immigrants from the 
Middle East (Fig. 3 and 4,). 
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S P R E A D  OP THE B L A C K H E A D  PERSIAN 
A N D  THE K A R A K U L  

The progenitors of the so-called Blackhead Persian 
were very nearly castaways on the rugged southern 
coast of Africa, but once safely ashore they prospered 
and, in the course of a few decades, their breed came 
to play a leading role in the economy of the Karoo. 
In 1868 a disabled ship entered Port Beaufort. On 
board were a few survivors of some fat-rumped 
Hedjaz sheep bought as provisions in the Persian 
Gulf. Three of the ewes and a ram were acquired 
by an enLerprising farmer and taken to the Hex 
River Valley, Lhe south-western gateway LO the 
Great Karoo. They were superior to Cape sheep 
as a mutton breed and their progeny proved inherently 
good foragers equally suited to arid conditions. 
With their clean configuration and smooth hair 
they proved far less susceptible than Merinos to 

FIG. 3. Relative proportionsof bovine andovine livestock and 
proportion of sheep in areas where ovines predominate, for 
1865, 1911, and 1955. (Based upon the Census of 1865 and 
of 1911 and the Agricultural Census of 1954-1955.) 

blowflies and keds and, unlike woolled sheep, could 
graze veld infested with steekgras (Aristida spp), 
driedoring (Rhigozum trichotomun), and similar awned 
grasses and thorny plants. Moreover they were rela- 
tively prolific and exceptionally hardy; they were 
not very susceptible to blue tongue and tolerated 
heartwater as merely a mild temporary indisposition.1 
By the end of the century selective breeding had 

developed the Blackhead Persian as a distinctive 
South African breed, superior LO any of its ancestral 
stock. It had become widely distributed in the arid 
regions and was in the process of replacing the Cape 
sheep in the west and the north-west and the Merino 

1. Blue-Longue: n midge-borne virus infection similar to if not identienl with 
horse-sickness in equines, frequently enufied severe losses nmong sheep 
during w n r m  wet wenther. Heartwater (rickettsiosis), n tick-borne disease 
of bovines nnd ovines, wns e veritable scourge of smnll stock, particulorly 
in the south-eastern pnrt of the Colony. There, for instance, in 1863-1864 
nn iisunlly severe outhrenk left few survivors of the formerly thriving 
Merino flocks along the vnlley of the Great Fish River [El, p. 325; 90, 
vol. 3, p. 4.301. 
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FIG. 4. Relative importance of woolled sheep, for 1865, 
1911 and 1955. On the 1911 and 1955 maps unshaded areas 
represent districts where the number of sheep per square 
mile was less than that in Namaqualand, 15 and 24 respec- 
tively on 7 May 1911 and 31 August 1955. (Based upon 
the Census of 1865 and of 1911 and the Agricultural Census 
of 1954-1955.) 
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FIG. 5. Distribution of Merino sheep owned by Whites, 
1946. (Based upon the Agricultural Census of 31 August 
19436, in which Native-owned sheep are not differentiated 
according to breeds.) 

FIG. 6. Distribution of Blackhead Persian sheep owned by 
Whites, 1946. (Based upon the Agricultural Census of 31 
August 1946.) 
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toward the east. In later years its resistance to 
heartwater and non-susceptibiliiy to injury from 
steekgras were to carry it northward into the arid 
regions of the Transvaal but, unlike the Merino, 
it failed through SuscepLibility to cold and to internal 
parasites to spread eastwards into the more humid 
grasslands of the High Veld (Figs. 5 and 6). After 
1930 the breed assumed a new role in the Karoo 
as the preferred basis for crossing with English 
rams to produce early-maturing fat lambs, e.g., the 
Dorper (Dorset Horn x Persian) [54], and after 1940 
it became, in the absence of sufficient purebred 
stock, the basis on which many farmers in the north- 
western Karoo built up valuable flocks of grade 
Karakuls. 
Karakuls are raised primarily for the pelts of Lhe 

unborn and newly born lambs, the so-called ‘Persian 
lamb’ of the fur trade. As a mutton breed it is 
inferior in conformation to the Merino and the 
Blackhead Persian and its fleece is a mixture of 
coarse wool and hair that, until very recently, 
experienced little demand. But the high prices 
commanded by good quality pelts and the ability 
of the animals to thrive where Merinos would starve 
provide ample compensation. The breed was first 
introduced into southern Africa in 1909 when the 
German administration in South West! Africa imported 
a small flock from Bokhara; other shipments followed, 
mainly in 1913 and 1914, and by 1915 the government 
flock comprised 80 rams and 360 ewes. Of these, 
3 rams and 84 ewes were transferred in 1916 to the 
Grootfontein Agricultural School at Middelburg, 
Cape Province. In the Union, farmers showed little 

FIG. 7. Distribution of Karakul sheep owned by Whites in 
the peak year, 1954,. (Based upon the Agricultural Census 
of 31 August 1954, in which Native-owned sheep are not 
differentiated according to breeds.) 

interest in the breed until after the droughi. of 
1933-1935 and no rapid increase in its popularity 
took place until a decade later, after Lhe end of 
World W a r  II. Thereafter grade Karakuls, bred up 
by Karakul rams from Blackhead Persian and 
Africander ewes, rapidly assumed a leading role 
both in the more arid section of the Karoo and in 
the adjoining southern fringe of the Kalahari thorn- 
veld that is currently (under the impact of grazing) 
being invaded by Karoo species (Figs. 1 and 7). 

T H E  R O L E  OF T H E  GOAT A N D  THE RISE A N D  
DECLINE OF T H E  A N G O R A  

Goats were never important in the husbandry of 
Lhe Hottentots but became almost ubiquitous in 
the ICaroo in the colonial era. Their greater agility 
enabled them to thrive better Lhan sheep on rugged 
terrain and to browse on small trees and bushes. 
Therefore, in the succulent bush of the Atlantic 
slope in the west and between the Cape Ranges 
in the south, goats, able to feed on much of the 
vegetation ignored by sheep or inaccessible to them, 
played a complementary role to sheep and, locally, 
displaced them altogether. Their sagacity also made 
goats indispensable in herding and moving sheep; 
in a land where sheep dogs were unknown, goats 
to lead the flocks were well-nigh indispensable, 
especially where regular seasonal migrations and 
nightly kraaling of sheep were general [58, p. 2911. 
Finally, being prolific and hardy (except in areas 
of the heartwater disease), goats became increasingly 
important as slaughter animals as the wild game 
diminished in numbers and the population increased, 
while their skins, the raw material for Cape kid, 
became an increasingly valuable export item. 
A pair of Angora goats introduced in 1838, three 

years after the beginning of the mohair spinning 
industry in England [27], made possible the gradual 
development of some flocks of grade Angoras on a 
foundation of selected Cape goats [58, p. 2931. The 
first recorded export of mohair-870 pounds valued 
at £lo-followed in 1857 [37, p. 4151. Thereafter, 
breeding stock were imported by various commercial 
firms: eager to build up the limited trade polential 
of their hinterland, and by leading farmers. Less 
than 100, all from the Angora district, were brought 
in between 1856 and 1868 but thereafter about 
2,700 from various parts of Asia Minor were imported 
before the Turkish Government in 1880 prohibited 
further exports. Adequate numbers had by then 
reached South Africa and the foundation of an 
Angora Breeders’ Association in 1881, in response 
to the Turkish embargo, ensured the maintenance 
and improvement of the breeding stock [44]. 

1. For example, Messrs Mosenthnl Bros. of Port Elizobeth who imported 
30 rams and cwcs in 185G. 
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FIG. 8. Angora goats as a percentage of all bovines and 
ovines, expressed in terms of large-stock units, for 1875, 
1911, and 1955. (Based upon the Census of 1875 and of 1911 
and the Agricultural Census of 1954-1955.) 

Most of the animals imported were acquired by 
farmers in the succulent scrub and neighbouring 
arcas in the hinterland of Algoa Bay (Fig. 8). 
Much of this is rugged country where the animals 
were soon thriving on succulent browse such as 
spekboom (Portulacuria ufra) and bergpruim (Puppeu 
cupensis)-slow-growing species that are unfortunate- 
ly easily destroyed by heavy stocking [37, p. 4181. 
In their new habitat shearing proved necessary 
twice a year, in spring and autumn, instead of 
annually in spring as in Turkey. Consequently winter 
cold tended to limit their distribution, owing to the 
susceptibility of the delicate animals to chills after 
the autumn shearing. Nevertheless, in the more 
favoured areas the pure-bred Angora multiplied and, 
as mohair prices froin 1880 onwards until World 
W a r  I ranged consistently above those of Merino 
wool, in adjacent areas flocks of grade Angoras 
(will1 a greater degree of hardiness inherited from 
selected Cape goats) grew in numbers until in the 
peak year, 1912, there were more than four million 
reputed Angoras in the country (Fig. 8). Thereafter, 

under the impact of droughts, tariff barriers, increased 
competition, and a deteriorating market for mohair 
the numbers declined again and by 1950 had fallen 
to about 560,000.1 The droughts of 1915-1916 and 
1918-1919 were particularly severe in the chief 
Angora-raising districts; not only the fiocks but 
the veld suffered grievously. After 1920, when the 
Union Government at the behest of the Angora 
breeders themselves removed the ban on the export 
of stud rams, Angora raising on the Edwards Plateau 
began its spectacular expansion. Aided by a tariff 
of 31 cents per pound of clean scoured hair imposed 
by the United States in 1922, Texas by 1926 had 
surpassed South Africa as the world's leading producer 
of mohair [28]. During the succeeding depression the 
Angora declined further in importance and even in 
the succulent scrub, which may be regarded as its 
stronghold, farmers have brought in Merinos in 
increasing numbers (see Figs. 5 and 8). 

1. By 1955, in response to improved prices for molinir, niimhern huù incrcascd 
to nearly 690,000. 
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DOMESTICATION OF T H E  OSTRICH : 
A N  IMPETUS T O  IRRIGATION 

T o  the familiar long-domesticated farm animals Lhe 
arid regions of South Africa added a new one of 
their own-the ostrich. It had long been hunted 
for its plumes in all parts of the African steppes 
and savannas but about 1857 a few farmers in different 
parts of the Cape Colony began to capture and to 
tame wild ostrich chicks. In 1865 80 ostriches were 
enumerated in the census of farm stock and in 1869 
the development of a Satisfactory incubator placed 
ostrich rearing on a firm foundation [58, p. 2981. 
By 1875 there were nearly 22,000 domesticated 
ostriches and the number increased yearly until 
in 1913, the peak year, there were more than 750,000 
(Fig. 9). After 1890 increasing attention was devoted 
LO selective breeding in order to improve the quality 
of the feathers. In 1876 4 ostriches had been introduced 
from Tripoli and in 1912 132 specimens of the Sudanese 
ostrich were imported from Northern Nigeria to 
impart to the South African feathers some of the 
density and strength for which the North African 
plumes were noted [6]. Unfortunately, fashions 
changed soon after, a world war intervened, and 
the prime feather market vanished. By 1930 the 
number of birds had fallen to less than 33,000. Since 
then there has been a slow increase again to nearly 
60,000 in 1955, but ostrich farming is now based 
more upon a market for feather dusters, ostrich-skin 
leather, and ostrich biltong than upon an eager 
demand for prime feathers (Fig. 9). 
Climatic and grazing conditions concentrated most 

of the ostrich rearing in the Karoo. A relatively 

1955 / * 3000 

FIG. 9. Distribution of ostriches in 1913 and 1955. (Based 
upon figures in the O$tciul Year Book of the Union of South 
Ayrica, no. 2,1918, and the Agricultural Census of 31 August 
1955.) 

in the arid regions of southern Africa. Part I : Soutlt Africa 

dry climate is reputedly essential for the production 
of quality feathers [31]. However, quality is also 
dependent upon an adequate protein-intake through- 
out the year-a condition more easily fulfilled on 
Karoo bush than on grassveld, but best fulfilled 
where the natural pastures can be supplemented 
or replaced by lucerne (alfalfa). Lucerne, moreover, 
was early recognized as excellent feed for the relatively 
delicate young birds [57, p. 651. Consequently the 
Karoo and particularly the Little Karoo-which 
could most readily provide adequate water and 
extensive areas of irrigable land for lucerne-were 
the areas that benefited most from a form of land 
use that, in its heyday, was incredibly remunera- 
tive. 
In its wake ostrich farming has left not only the 

ornate ' os trich mansions ', distinctive features of 
the Little Karoo, but also numerous small-scale 
irrigation works, many dependent upon the flood- 
waters of erratic rivers, that serve in the aggregate 
several thousand acres of lucerne. In the Little Karoo 
much of the lucerne is now grazed by Friesland 
cattle, the basis of a local cheese industry. Large 
quantities of lucerne hay are produced for sale off 
the farms and the dry climate and deep loamy 
pedocals favour the production of lucerne seed. As 
bees are essential for pollination, nearly one-fifth 
of the South African output of honey follows as a 
by-product. In the Great Karoo and elsewhere, 
lucerne lands established originally for ostriches 
have added to the stock-carrying capacity of farms 
and provide stacks of fodder and patches of green 
grazing that are invaluable reserves against drought. 

THE THORNVELD ANDBUSHVELD 
BEYOND THE ORANGE AND THE VAAL 
(THE EUROPEAN I N T R U S I O N ,  1860-) 

The arid regions to the north of the Orange River, 
already set apart botanically as distinct from the 
Karoo, also stand apart historically and economically : 
they were colonized much later and under different 
economic circumstances and with a bias towards 
cattle raising rather than sheep farming (see Fig. 3). 
The thornveld and bushveld of the north, farther 
from the first-settled corner of the Colony, naturally 
did not become known to the colonists until the 
occupation of the Karoo was already well advanced. 
When the Kalahari thornveld, the nearest of the 
northern arid regions, eventually became known it 
appeared ill-suited to sheep. Therefore it attracted 
no seasonal graziers such as had already begun in 
1820 to cross the river regularly into the more humid 
grassland farther east-but was left to the half-caste 
Griquas, to the Natives, and to the wild game until 
the days of the diamond diggers [1041, p. 1251. The 
more distant hushveld in its turn positively repelled 
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settlement : chronic strife among lhe Natives and 
endemic diseases made it unhealthy for m a n  or 
beast, sheep or cattle. Until the discovery of the 
Lydenburg goldfields it, too, was left a wilderness. 
The Kalahari thornveld extends over LWO contrast- 

ing types of terrain: sandveld and hardeveld. The 
country west of the Langebergen and Koranabergen 
and north of a line 10-50 miles north of the Orange 
River is mantled by aeolian sand several hundred 
feet in thickness (Fig. 1). Over great distances it 
is completely devoid of surface water although 
summer thunderstorms bring sufficient rain to support 
a good growth of grass, herbs and trees that formerly 
provided grazing and browsing for ‘prodigious herds 
of . . . antelopes’ and other game [49, p. 471. East 
of the Langebergen the sand-cover becomes disconti- 
nuous and ends at the western edge of the ‘Nguup, -’ 
or Kaap Plateau. Towards the east the rainfall is 
a little less scanty and the hardeveld or hard-rock 
country, being lithologically more varied, is better 
endowed with surface waters, including a number 
of large springs that issue from the dolomite. 
The sandveld in the mid-nineteenth century was 

occupied by a sparse population of semi-nomadic 
Bushmen and Bakalahari, the former entirely and 
the latter (the most primitive of the Bechuana) 
mainly dependent upon hunting and gathering. Its 
eastern and north-eastern fringe and the adjacent 
hardeveld were inhabited by various Bechuana 
tribes (refugees from the more militant Matabele) 
who supplemented the livelihood derived from their 
cattle, sheep, and goats by cultivating patches of 
sorghums, millets, and maize and by hunting and 
gathering. T o  the south-east and to the south, along 
the Orange River the hardeveld was occupied by 
the Koranas, a Hottentot group, and the Griquas, 
a people of mixed Khoisan and White ancestry. 
Both groups were immigrants displaced by the 
Whites from south of the Orange River. Like the 
Bechuana, they supplemented their pastoralism by 
hunting and, to a limited extent, by cultivation. 
Most of the Bechuana were settled in villages (some 
of considerable size) located where water was perman- 
ently available, as at the springs that issue from 
the dolomite at Kuruman. After 1801, under mission- 
ary influence, most of the Griquas and many of 
the Koranas had also settled either at springs, as 
at Klaarwater (Griquatown) and Danielskuil, or at 
places such as Rietfontein near the edge of an inlier 
in the Kalahari sands where the water table is 
exceptionally near the surface. 

TRADERS A N D  HUNTERS 

In contrast to the regions south of the Orange River, 
the thornveld to the north did not initially attract 
White graziers; there the forerunners of White 

occupance were the missionaries, the traders, and 
the hunters. The concenirations of population centred 
on the springs and wells presented such excellent 
business prospects as to induce more than one of 
the itinerant traders (who had long been the most 
active element in the commerce of the interior) to 
Lake root [106, p. 991. The teeming game presented 
a unique opportunily for other adventurers in the 
early 1870s to profit by the sale of venison and 
biltong to the tens of thousands encamped on Lhe 
Vaal River and Kimberley diggings. Few of these 
hunters may have become settlers but, by extermina- 
ting most of the antelope-and thereby the lion 
and other carnivora that preyed upon them-the 
hunters prepared a way for the graziers who were 
to follow. 
In such country it was a nalural step for a settled 

trader to add cattle raising to his cattle-dealing 
ventures. Before 1880 one trader-cum-rancher was 
already regularly driving cattle in winter across 
the sandveld from Rietfontein to sell them at Vryburg, 
300 miles away. Other settlers soon began to intrude 
into the eastern and south-eastern sectors of the 
hardeveld. The discovery of the diamond fields was 
followed in 1871 by the British annexation of Griqua- 
land West and the partiLion of their former communal 
lands among the Griquas under individual freehold 
titles-titles which by fair means and foul passed 
rapidly into the hands of the colonists and newcomers 
who, bringing in increasing numbers of sheep and 
goats, probably initiated the deterioration of the 
thornveldl (see Fig. 1). Farther north, strife between 
Bechuanas and Koranas after 1880 gave others- 
farmers from the Transvaal and adventurers from 
the diamond fields-opportunities to filibuster and 
to acquire land grants and livestock from Native 
chiefs in return for their services. 

IMPACT OF D I A M O N D  MINING 
O N  A PASTORAL FRONTIER 

The diamond discoveries influenced, indirectly, the 
course of land uiilization in South Africa in many 
ways. They brought in a tide of new immigrants 
of varied origins, aptitudes, and experiences, many 
of whom found employment in fields other than 
mining. They brought into being-in the mining 
camps-the first large consuming centres in the 
interior that created an unprecedented demand for 
transportation services for foodstuffs and equipment. 
This in turn crealed at first a great demand for 
draught oxen and an expanded field of employment 
in ‘transport riding’ that attracted many of the 
poorer farmers. But thousands of ox-wagons on the 
1. Vermperbos (Gaigoria pnssorinoiùcr), a c o m m o n  c a m e  of plnnt poiuoning 

among livestock in Griqunland Wefit and one of a number of invading species 
cliarnoteristic of over-grnzed and mismnnngc<l veld, wn4 present hint rcln- 
tively rare in 1880 [55, p. 4911. 
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50-60-day trek from the coast could serve only as 
a temporary expedient, pending the construction of 
a railway. Soon one railway, multiplied by geographi- 
cal and political circumstances, became three. In 
1870,500 miles of sparsely populaled country extended 
between the existing railhead at Wellington and 
the Kimberley diggings. There was no free capital 
in the nearly bankrupt Colony and no overseas 
investors were eager to participate in a venture as 
doubtful as railway construction under such circum- 
stances. Therefore the Colonial Government, with 
prospects of adequate revenue from the diamond 
mines, decided to exercise its option to take over 
the Cape Town-Wellington line and LO embark 
on its extension to Kimberley. Thereupon, in the 
political arena, pressure groups were able to demand 
that Colonial funds should not be expended for the 
benefit of Cape Town alone but that railways should 
be constructed also from Algoa Bay and East London. 
In 18841, the year the railhead reached Kimberley, 
the discovery of gold on the Witwatersrand (pro- 
claimed a public digging in 1886) created a new goal 
for railway extension, and subsequently a new 
source of capital for investment in agriculture as 
well as other fields [76, sections 1 and 61. 
The railway net-work, facilitating access to inland 

markets and coasLal ports, made possible more 
intensive and varied land use, and further stimulated 
the influx of new settlers and new ideas into a rural 
population that was intellectually in no way compar- 
able with contemporary American and Australian 
farmers and which, after two centuries of social 
isolation, of intermarriage within very limited circles, 
and with neither formal education nor educated 
neighbours, could scarcely have been otherwise [52]. 
After an interlude, 1896-1902, during which rinder- 

pest and a protracted guerilla war caused heavy 
losses of game and of livestock throughout most of 
the thornveld and the neighbouring humid regions, 
the influx of colonists and Uitlanders (overseas 
immigrants) was resumed. While devotees of the 
Africander cattle began the task of breeding up 
their depleted herds [13, p. 1031, large numbers of 
livestock, including grade Herefords and Shorthorns 
from Argentina, Queensland, and Texas and pedigree 
stock from Britain and Holland were imported into 
South Africa [85, p. 201. 
In the thinly settled hardeveld traversed by the 

Kimberley-Mafeking railway, extensive areas of 
unalienated land were still available. Where blessed 
with water, these were taken up mainly for cattle 
ranching. There were a few tentative trials with 
other stock also (e.g., Angora goats, Merino sheep, 
and ostriches) and, where irrigation was possible, 
a few small patches of lucerne and deciduous fruit 
orchards were established. Farther west the sections 
of the sandveld not already pre-empted as Native 
Reserves, remote and lacking surface water, attracted 

few settlers, and-like Bushmanland-no uitlanders 
and practically no capital. 

FRONTIERS OF SETTLEMENT 
IN THE TWENTIETH CENTURY 

The spread of settlement into the waterless areas 
of Bushmanland and into the Kalahari sandveld 
awaited the well-drill that made possible the tapping 
of deep-seated groundwater and the windmill pump 
that brought it so effortlessly to the surface. Scarcely 
known in Soulh Africa in 1890, the windmill pump 
spread rapidly after the drought of 1903 and is 
now as characteristic and essential a cultural feature 
of the Karoo as it became of the Prairies and the 
Great Plains of North America. 

B U S H M A N L A N D  : T H E  WELL-DRILLER 
OPENS T H E  VRYBULT 

In Bushmanland, the central section of the Bult, 
the so-called ' Vrybult '-where, if groundwater is 
found it is rarely less than 100 feet and usually 
more than 200 feet below the surface-remained 
common trekveld as late as 1908. There, until the 
area had been surveyed and subdivided into farms, 
the land could be used only under annual grazing 
licences or through the purchase at public auction 
of leaseholds to specific areas for periods of from 
1 to 21 years. Alienation awaited the government 
land surveyor and permanent settlement thereafter 
awaited the success of the well-driller whose operations 
in areas so devoid of local fuel and water and so 
far from a railway were gravely handicapped until 
the motor-driven replaced the s team-driven boring 
machine [95, p. 711. The last farm on the Vrybult 
was allotted in 1938 but the well-driller still has 
far to go in his uncertain quest for water deep in 
the Dwyka tilliLe and hard Archaean granite [107, 
p. 2101. There are still farms of 70-100 square miles 
without water and those that have one permanent 
watering place in 30 square miles are fortunate 
indeed [106, p. 461. 

T H E  KALAHARI A N D  ITS BORDERLANDS: 
BEEF A N D  DAIRY R A N C H E S  

In the Kalahari sandveld a few White settlers began 
to infiltrate among the Griquas south of Rietfontein 
in the 1890s. The Kalahari police established a 
camel-breeding station at Witdraail and, after 1906, 
a few poor Whites with small flocks of Cape sheep 
1. Camels were introduced in 1897 for research directed towards the pre- 

vention and cure of rinderpest, n disenso to which they nre immune. They 
were GrsL used by police patrols from Vryburg in 1898 [4] nnd from Uping- 
ton in 1903 151. 
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and goats settled north-west of Kuruman beside 
wells that they dug in the dry bed of the Kuruman 
River2 They received few new neighbours or even 
visitors until 1915 brought troops and army lorries, 
raising the dust from the smooth dry bed of the 
Kuruman on their way to South West Africa. The 
first convoys were soon followed by well-drilling 
crews who established 10 boreholes at intervals from 
Boesmansputs to Witdraai. A settler was installed 
at each to prevent Bushmen interfering with the 
water supplies but, with the end of the South West 
African campaign, they and the Kuruman ‘road’ 
were soon forgotten. Farther north, toward the 
Molopo River, the State in 1911 began water-boring 
operations about 60 miles west of Vryburg. Their 
success greatly enhanced land values and the few 
neighbouring landowners were encouraged to follow 
suit [95, p. 701. Thereafter it became the policy 
of the Department of Lands to establish boreholes 
before allocating any of the large area of Crown 
land remaining or re-allocating any farms that had 
reverted to the State because of lack of water [99, p. 91. 
In the post-war years, renewed attention was 

given by the Union Government to land settlement 
in the Kalahari, particularly along the dry courses 
of the Molopo and Kuruman Rivers, and in the 
Bushveld of the northern and eastern Transvaal. 
But it was mainly the poor and land-hungry-who 
saw in the cheap land on the Union’s last frontiers 
of settlement their own last opportunity of becoming 
landowners-who were attracted as settlers to the 
immense and remote Kalahari or to the arid sections 
of the bushveld, notorious for malaria in summer 
and for bilharzia at all seasons. Farms, such as the 
holdings of 35-45 square miles along the Kuruman, 
that were offered to settlers between 1929 and 1933 
at prices of the order of 21,200 payable with one 
per cent per annum interest over 65 years, were 
taken up eagerly. Most of the settlers were small-stock 
farmers, many from Griqualand West, who recog- 
nized the grazing as better suited to cattle. Although 
the jackals, diseases, and intestinal parasites soon 
taught them that the Kalahari is no paradise for 
sheep, most of them could not at first afford to 
buy cattle in place of their suffering flocks. Further- 
more, being Lypîcally 7-10 clays’ journey by donkey 
wagon from the nearest town, they could make 
only minimum profits from the sale of their produce- 
(mainly low-grade wool, slaughter wethers, and soap 
made from butter which, especially in summer, could 
not have been brought so far to market before 
spoiling) [101, p. 71. Many lacked the modest capital 
to install a windmill pump on the borehole that 
the governmcnt had sunk before allotting each farm. 
For years they baled water from depths of 200 feet 
or more with an 8- or 10-gallon ‘byler’ hoisted by 
a pair of donkeys or, with three or four men on a 
long-handled pump, raised water by man-power. 

On a hot summer day 2,000 sheep and 180 cattle 
needed as much water as four men, pumping con- 
tinuously €rom before dawn to long after dusk, 
could raise. Where labour is as scarce as in the 
Kalahari, the whole family frequently had to abandon 
all other chores to sweat together at the pump. 
And the installation of a windmill pump alone did 
not ensure unfailing waLer for, apart from breakdowns, 
it might stand idle for lack of wind, especially during 
the hot dry days from October to January when 
long spells of windless weather are typical. A sup- 
plementary animal-powered pump, a ‘ horse-gear ’, 
was also needed and, in later years, the small diesel- 
operated pump was a welcome innovation. Other 
problems sprang from the gradual diminution in 
the flow of water (necessitating either the deepening 
of existing boreholes or the sinking of new ones) 
and from the characteristic location of boreholes 
near one extremity of the farm. This is strikingly 
demonstrated along the Kuruman. Everywhere in the 
Kalahari the depth, mineral-content, and potability 
(even for stock) of the groundwater away from 
the river courses are uncertain. Therefore each farm 
along the Kuruman was given a ‘river frontage’, 
about 3 miles, from which it extends back 12-15 miles. 
As the first boreholes were sunk near the river course 
and few successful ones have been sunk elsewhere, 
overgrazing at the ‘water end’ of each farm has 
followed almost inevitably while the ‘dry end’ 
remains little used [106, p. 1291. 
Though Nature was so parsimonious with water, 

the vegetation in its original state provided sur- 
prisingly good grazing. The grasses, mainly species 
of Eragrostis, Aristida, and Digitaria,$ provide not 
only excellent grazing during the summer but mature 
into ‘a palatable veld hay which retains a fairly 
high digestibility and nutritive value ’ (in contrast 
with the grasses of the humid High Veld, most of 
which deteriorate rapidly with maturity into ‘hard 
fibrous stalks and leaves of poor digestibility and 
feeding value’) [9, p. 331. In good seasons a lush 
growth of succulent herbs enabled the animals to 
go for days without drinking-making possible at 
such times the grazing of areas several miles from 
the nearest drinking point-while plants like the 
tsama melons (Citrullus vulgaris var.) and the 
.gems bokkomkommer (C. naudinianus), that store 
quantities of water, carry over valuable reserves 
to the ensuing winter [106, p. 12411. Furthermore, 
the leaves and pods of many of the trees and shrubs, 
particularly the pods of the haakdoring or umbrella 
thorn (Acaciu heteracantha) and the Icameeldoiing 
(A. girafjae) and the leaves of these trees and of 
1. T h e  daily flow oî the spring at Knruman, &out 20 acre-feet, is dl used 

for domestic piirposea and irrigation within a few miles. Farther down- 
stream tho river carries waier only afier such exceptionally heavy rains 
as have occurred only twice within living memory, in 1894 und 1918 [Ill. 

2. Eragrosfis Islimanniana, E. ufhersfonei, Aristida unipiurnia, A. bnrúicollis, 
vol. 1, p; 571. 

A. cliffusa, A. naniagirensis, Digifaria crianflia, and D. smuisii. 
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others such as Lhe witgat (Boscia albitrunca), rosynt- 
jiebos (Grewia java), and rooibos (Combretum 
apiculatum) provide nutritious browse with a protein 
content thaL makes it an excellent supplement to 
the winter grazing as well as a valuable fodder reserve 
in times of drought [ll, p. 2381. 
Nevertheless, cattle failed to thrive and Zamsiskte, 

a fatal form of paralysis associated with pica became 
so prevalent in both hardeveld and sandveld areas 
as to leave many with no alternative to farming 
sheep (which are not. subject to this sickness). In 
climatically marginal districts such as Bloemhof, 
Christiana, Schweizer-Reneke, and the eastern parts 
of Mafeking and Vryburg, wherever the uncertainty 
of ihe rainfall and the distance from the railway 
were not prohibitive, others turned from stock 
raising to grain farming, to maize and kaEr corn. 
Of the two crops maize was consistently preferred 
because kaffir corn, although more Lolerant of drought, 
is subject to sporadic attacks of aphides, often 
experiences a poorer market, and is very vulnerable 
to birds, parLicularly the red-billed quelea (Quelea 
quelea Zathamii) that is so widely distributed over 
the African savannas and is found in ‘flocks of . . . 
hundreds of thousands and even millions-truly 
comparable with locusts, which they have replaced 
as the main plague of seed-growing farmers throughoul. 
Africa’ [63, p. 41341. But, although cropping is more 
attractive as a short-term enterprise during periods 
of low wool prices, cultivation of the light soils so 
vulnerable LO wind erosion has left a heritage of 
impoverished farms (many divided into sub-economic 
holdings), sand drifts, and eroded fields [22]. 
In 1919 the recognition of lamsiekte as an infection 

resulting from the ingestion of putrid matter by 
animals suffering from pica, particularly osteophagia, 
led to a rapid solution of the problem. The pica proved 
to be a symptom of inadequate phosphate in the 
animals’ diet-traceable to the extremely low phos- 
phate content of the soils [79]. Thereafter, regular 
doses of bonemeal (or, alternatively, phosphate licks) 
transformed the gaunt pica-crazed cattle into sleek 
healthy animals ; continued research revealed stywe- 
siekte (stiff-sickness), endemic in parts of Bechuana- 
land and the northern Transvaal, to be aphosphorosis 
-another manifestation of phosphate-deficiency - 
and demonstrated the importance of phosphorus as 
a crucial factor affecting the food consumption, 
growth, and milk-yield of catlle [SO]. Therewith the 
name of the Vryburg lamsiekte research station, 
Armoedsulalcte (Poverty Plain), ceased to be so grimly 
appropriate; the way was opened for the advance of 
cattle ranching. 
Its progress was naturally most rapid in Lhe areas 

within 100 miles of the Kimberley-Mafeking railway. 
Cattle driven longer distances to railing points natu- 
rally suffered greater loss of condition (a problem 
which was aggravated as the spread of fencing res- 

tricled wayside grazing) but those from the sandveld 
suffered particularly because their hooves could not. 
withstand a long trek over the hardeveld [17, p. 621. 
Such obstacles to markcting cattle directed attenlion 
to alternalives that could be Laken LO town by donkey 
wagon, particularly to butter and to soap made from 
it. Therewith the ‘ half-dairy-half-beef sys tem ’ Lhat 
had already become popular near Lhe railway began 
to spread wesLward. After the establishmenL in 1927 
of road motor services radiating from Vryburg 
and Kuruman norlh westwards and westwards for 
distances of 150-200 miles, it spread so rapidly that 
by 1930 the South African Railways Road Motor 
Services were transporting annually nearly one mil- 
lion gallons of cream, most of it from this region 
[loo, p. 851. 
But the climate and the ‘dairy ranching’ system 

are not conducive to the production of high quality 
beef and dairy produce nor LO good pasture manage- 
ment.. The ‘total digestible nutrients’ per acre do 
not provide the level o€ nuLrition essential for both 
early-maturing beef breeds and high-yielding milkers. 
Exotic breeds, whose hair covering, skin thickness, 
and general metabolism are ill-suited to high temper- 
atures and bright sunshine, have little appetite for 
daytime grazing in summer, suffer more from thirsi, 
and are adverse to foraging farther than they do in 
the cooler climate of Europe [U]. Therefore, being 
physiologically better suited to Lhe climate and 
inherently good rustlers, the indigenous African stock 
-up-graded with superior bulls, predominantly 

20,000 LE. 
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FIG. 10. Butterfat sold to creameries during the year ended 
31 August 194.6. The heavy dashed line marks approxi- 
mately the present limit of the arid regions. (Based upon 
the Agricultural Census of 194.5-194.6.) 
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Africanders and, to a lesser extent, Shorthorns and Red 
Polls-have proved the most satisfactory foundation 
for the herds [59, p. 511. However, upgrading under 
the most favourable circumstances is not possible 
beyond a certain level unless better breeding is aceom- 
panied by better feeding. BUL under the ‘half-dairy- 
half-beef’ system, calves, following Native cusLom, 
are usually kept kraaled during the day while Lhe cows 
graze within a limited radius. Although ‘few range 
cows on natural veld produce more milk than is 
required to raise their calves respectably’ [65, p. 5101, 
the calves here must share their limited birthright 
with the cream separator or the cheese factory-as 
generations have done since the 1920s (Fig. 10). 
Consequently the undernourished survivors of para- 

typhoid and similar ailments (which are apt to be 
more prevalent among calves kept in kraals than 
among those allowed free range) mature slowly and 
at five years of age are typically 150-200 pounds 
lighter than those left with their dams until weaning 
[65, p. 5101. Nevertheless, the facility of dispatching 
cream and milk from the farm by publie motor trans- 
port, the regular cheque from the creamery or cheese 
factory, and ‘the idea . . . that the milk obtained is . . . 
something for nothing-a by-product‘ made dairy 
ranching the métier of many and left normal ranching 
with beef cattle to a minority of large operators. 
As long as the disposal of second-grade butter and 
cheese through controlled marketing channels presents 
no difficulty and ‘the value of low grade beef in Johan- 
nesburg is . . . greater than anywhere else in the world’> 
dairy ranching would appear to be the most remuner- 
ative short-term use for much of the Kalahari thorn- 
veld. Its ultimate future, however, is threatened by 
overgrazing of the veld near the milking points and 
by the division of ranches into sub-eeonomic units 
which engenders only further overstocking of veld 
that is frightfully susceptible to overgrazing, to bush 
encroachment, and to wind erosion [112]. 
The most assured long-term use, however, is that 

exemplified by the extensive ‘beef ranches’, units of 
upwards of 15 square miles. The steer is undeniably 
in closer harmony with the Kalahari than is the 
milch cow: its metabolism requires less water, its 
management less labour-both scarce commodities, 
less easily provided than the motor transport now 
available to move animals to market without loss of 
condition. The range of the beef animal is not res- 
tricted to the vicinity of the milking points, it can 
graze farther from water at all times, and, when 
tsamas and other succulent feed are abundant, it can 
go weeks without drinking. Consequently, the utiliza- 
tion of areas remote from water, the avoidance of 
permanent concentrations of stock in one locality, and 
better pasture management in general are possible 
on the beef ranch-and nowhere in the Union is the 
permanency of land use more dependent upon effective 
veld conservation. 

THE ARID BUSHVELD : G:AME RESERVES 
A N D  T R O P I C A L  CATTLE RANCHES 

The arid sections of the hushveld include Lhe plain of 
the Limpopo, mosLly below, 3,000 feet, and the 
northern part. of Lhe Transvaal L o w  Veld, less than 
2,000 feet above sea level, areas where, for at least 
half of the year, mean monthly maximum temper- 
atures exceed 850 F. and mean monLhly minima exceed 
600 P. These and Lhe adjoining regions have been 
sparsely occupied since 1500 and possibly longer 
by various Bantu groups who combined the cultivation 
of small plots of millets, sorghums, and vegetables 
with the herding of cattle, goats, and hairy sheep and 
the hunting of the ubiquitous and varied game. 
Endemic fevers, recurrent droughLs and, particularly 
in the eighteenth and nineteenth centuries, anarchy 
ensured sparsity of population and feuds and wars 
fragmented and scattered the Native tribes. The first 
white visitors, 1836-1838 ,were not. attracted to the 
L o w  Veld itself but were seeking a way to the sea. 
Their fate was not unusual : the Van Rensburg party 
was massacred on the Pafuri; the leader and most of 
the Trichardt party died of fever in Lourenço Marques. 
A few intrepid Portuguese disregarded the malaria, 

blackwater fever, bilharzia, and other uncertainties of 
life in the Low Veld to profit at the expense of the 
nearextermination of the elephant but, until gold was 
discovered, 1868-1870, on the Olifants River and in 
the Murchison Range, few other white men came 
to share the wilderness. Abou1 Lhe same time the 
progressive depletion of game on the High Veld began 
to impel Transvaal farmers farther afield for biltong 
and hides-into the bushveld where the great wealth 
and extraordinary variety of game could be exploited 
in winter with little risk from malaria. At the same 
time the quality of the grazing became better known. 
By 1880, cattle and sheep in increasing numbers were 
being moved regularly be Lweent he High Veld-where 
the ‘sour veld’ grazing in winter provides less than a 
maintenance ration of digestible nutrients,-and the 
‘ mixed veld’ and the ‘ sweet veld’ of the lower country. 
In the arid areas the veld was particularly ‘sweet’. 

As in the Kalahari, Digitaria, Eragrostis, Panicum, 
and Aristida grasses2 retain much of their nutritive 
value through the dry season and are supplemented 
by the leaves and pods of the haakdoring or nsasane 
(Acacia heteracantha), witgat (Boscia albitrunca), 
rosyntjiebos or kruisbessie ( Grewia jlava), rooibos 
(Combretzcm apiculatum) and of a large number of 
other trees and shrubs, such as the mopani (Copai- 

1. Owing io the opportunily that ha6 long exibted for diqiosing of forequarters 
and other inferior cuts of low grade beef through contracts tn the Witwnters- 
rand gold mines (which maintain upwards of 300,000 Native miners on a 
high-protein diet) while distributing hindquarters and ‘choice cuts’ from 
the same carcases at conbiderahiy higher price levels through the retaii 
trade 114, p. 491. 

2. Largely Digilaria criantha var. stolonifera, Eragrostis aihorszonei, E. superlia, 
E. denudata, Panicum rnariiirum, P. coloraturn, drisiida Iiurbicollis, and 
A. uiiiplumia. 
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fera mopane) and knoppiesdoring (A. nigrescens), that 
are unknown in the wesL. 
The utilization of the Limpopo and L o w  Veld 

grazing was, however, restricted to areas that were 
not infesLed by tsetse íiies (Glossina morsitans and 
G. pullidipes), vectors in the iransmission of nagana 
or trypanosomiasis, a disease endemic among and 
Lolerated wiLhout apparent harm by the indigenous 
game over wide areas of tropical Africa but usually 
fatal to exoLic species of bovines, equines, and ovines. 
Nagana effectively limited both the range of the flocks 
and herds of the farmers and the range of Lhe horses, 
ox wagons, and donkey wagons of the hunters; 
thereby it offered some asylum in the ‘fly belt’ to the 
game that suffered so heavily in the three decades of 
unrestricted slaughter that brought the nineteenth 
century to a close. 
In this period much of the country was surveyed 

and subdivided into 8,000-acre farms that were allotted 
to Transvaal burghers. But, as the region was used 
mainly as a hunting ground by burghers who were 
free to hunt anywhere and had no desire whatever 
to settle in the fever belt, the land grants were of little 
practical value to them. ‘Various Johannesburg land 
companies, hoping to discover a new field for mineral 
exploitation, were therefore able to acquire the farms 
at comparatively trifling cost.’ [74(, p. 185.1 Though 
mineral wealth in most instances did not materialize, 
after 1902 some of the companies were able to draw 
considerable revenue from ‘ kaffir farming’, i.e., the 
exaction of rent from Natives residing on their pro- 
perties, and from the sale of farms in the land boom 
Lhat followed the first world war. 
The destruction of wild life was a matter of concern 

to President Kruger and the more enlightened of his 
colleagues as early as 1884 but sufficient support for 
its conservalion was not forthcoming until the game 
had been critically reduced in numbers and some 
species had been exterminated. In 1898, after rinder- 
pest had inflicted further grievous losses on most 
species other than the impala and when the buffalo 
and kudu in the Transvaal were on the verge of 
extinction [74, p. 441, a subhumid section of the Low 
Veld (between the Crocodile and Sabi Rivers) was at 
last proclaimed a game reserve-1,800 square miles 
under the nominal control of a sergeant of police 
stationed at Romatipoort [75, p. 101. After the South 
African W a r  the Sabi Game Reserve was extended 
into the arid country northwards to the Limpopo 
and, to deter poaching, was provided wiLh a small 
staff of rangers, Bantu and White. Through the 
next twenty years its existence continued to be 
threatened by conflicting private interests and, in 
1923, 2,500 square miles, including ‘the best of the 
sable and roan antelope country, as well as that 
containing all the red, or Natal duiker, and nearly all 
of the mountain reedbuck’ [75, p. 1821 was de-pro- 
claimed. In 1926, after a change of government, the 

in the arid regions of southern Africu. Fart I : South Africu 

remaining 8,000 square miles were finally proclaimed 
as the Kruger National Park (see fig. 1). Since then 
it has proved conspicuously successful, both as a game 
reserve and as a tourists’ wonderland. The game have 
so increased as to necessitate, for certain species, a 
further control of numbers beyond Lhat exercised by 
the lion and other carnivora. The increase indicates, 
indeed, that the most economic utilization of large 
arcas of the African savannas might well be achieved 
through indigenous herbivores, so managed as to 
provide a regular meat supply on a sustained yield 
basis, rather than through such exotic animals as 
cattle, sheep, and goats that lack the inherent tolerance 
of and resistance to African pests and diseases. As a 
national park, within six hours, drive over excellent 
highways fxom Johannesburg and Pretoria, it provides 
thousands of holiday visitors and overseas tourists 
each year with a unique opportunity of seeing at close 
quarters a panorama of primeval Africa and much of 
the magnificent fauna that everywhere else on the 
continent, except in the few game reserves, is threat- 
ened with extinction within the next twenty years. 
The remaining areas of the arid hushveld attracted 

few White settlers until after the first world war. 
Much of the land remained either in the hands of 
speculative companies or of the State, a few farms 
had been acquired as holiday or hunting resorts by 
non-residents, some relatively populous areas had 
been set aside as Native reserves, and the regular 
winter trekking of the High Veld stock into the L o w  
Veld was decIíning. In Lhe 1920s efforts were made 
to establish a number of large company-operated 
cattle ranches in the Limpopo region and farms were 
allotted to a number of ex-servicemen and other 
settlers who soon learned that new frontiers present 
new problems. 

Nagana had not been a threat to farm animals since 
the tsetse fly had died out during the rinderpest 
epidemic at the end of the last century, but other 
problems remained. In areas where game were still 
numerous, wildebeest and zebra made the maintenance 
of fences impossible and, where water-holes were few 
and far between, aggravated the trampling of the veld 
around watering points. Furthermore, the game served 
as reservoirs of cliseases and parasites, They carried 
foot-and-mouth disease, heartwater, horse-sickness, 
snotsiekte, and other endemic diseases to which they 
themselves were ‘ clinically’ immune but which were 
a continual clrain on the vitality and numbers of the 
stock with which they mingled [7] and, as the natural 
hosts of various kinds of ticks, their presence made 
it impossible to eradicate ticks by the regular dipping 
of the domestic stock alone. Stock dipping merely 
produced numbers of arsenic-contaminated ticks that 
poisoned the renostervoëls (oxpeckers) or tick-birds 
(Buphaga erythrorhynehu and B. africana) which 
Nature had provided for the control of these insects, 
and led to abnormally heavy tick-infestation of the 
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game [74$, p. 731. When the indigenous herbivores were 
shot out as vermin or sold off as biltong, the lion and 
the leopard were lcft to go hungry or to prey on the 
farm stock. For their protection it became necessary to 
kraal all stock regularly at night, thereby promoting 
the spread of such diseases as ophìhalmia, contagious 
abortion, and scours and lcading inevitably to the 
overgrazing and trampling out of the veld around thc 
kraals. Moreover, during the hotter months cattle 
have little appetite for daytime feeding but graze more 
freely at night, if at liberty. If kraaled overnight, the 
animals, released hungry in the morning, seemed to 
feed on anything, especially if it was wet. with dew, 
and suffered correspondingly from eating poisonous 
plants they would normally avoid [65, p. 5111. 
Most of the large company operations and many 

of the individual seLtlers’ ventures ended in hank- 
ruptcy. Few, if any, of the survivors achieved great 
prosperity and, as late as 1950-1951, an economic survey 
of 137 representative holdings in the Limpopo region 
revealed an average net farm income equivalent to 
only 5.2 per cent of the capital invested [29, p. 4751. 
NeverLheless, in 194~6-1947 a Parliamentary Bill to 
set aside part of the region north of the Zoutpansberg 
as a national park, was strongly opposed by ranching 
and other private interests and, although passed 
in November 19417, it was repealed within two 
years. 

Forty years of occupance in the older settled areas 
have partially tamed the wilderness, have removed 
or solved some of the problems that faced the pio- 
neers, but have brought others in their train, notably 
the problem of bush encroachment. Formerly the 
game and Native stock used the sourveld in the first 
half of the growing period, when the grasses are 
palatable aiid nutritious, the mixed veld in the late 
summer, and the sweet veld in the dormant season 
only. This allowed each kind of veld sufficient rest 
to maintain it in full vigour despite the veld fires that 
swept the region almost every year. The depletion 
of the grass-cover resulting from year-round grazing 
on the same veld enabled bush seedlings to become 
established more easily and thereby initiated the 
progressive spread of bush at the expense of grass. 
Bushes gradually became more numerous, the supply 
of the nutritious pods that the cattle relished was 
thereby augmented, the number of seeds distributed 
with their manure was multiplied correspondingly, 
and, within a few years, bush encroachment was 
enormously accelerated. The weakened grasses could 
offer no effective competition even to germinating 
seedlings and, as the bushes grew, grass was shaded 
out by their crowns and crowded out by their roots 
until large areas that had been open plains in 1920 
had become so densely bushed by 194gO as to be 
virtually useless [38]. Some such areas were aban- 
doned; others, wherc the bush was less advanced, 
were reclaimed with difficulty and can be maintained 

only by regular manual and chemical counter-measure5 
to control the bush [110]. 
The economic developmenL of Lhe region has been 

directed mainly toward the breeding and rearing of 
tropical beef cattle. Unlike the Kalahari it is ill-suited 
LO the commercial production of industrial milk or 
butterfat because o€ the high environmental tempe- 
ratures which are conducive to tropical undcrnourish- 
ment in the cattle, the generally lower carrying capa- 
city of ìhe grazing (in which trees and shrubs are more 
numerous), and the prevalence of heartwater (rickett- 
siosis), gallsickness (anaplasmosis), and redwater 
(babesiosis) which necessitate continuous control 
measures such as dipping and spraying (9, p. 801. 
Although Lhe nutritive value of the veld is highest in 
mid-summer, the growth of the animals is retarded 
until late summer or early autumn when temperatures 
subside to levels at which cattle can ‘metabolize pro- 
perly sufficient food €or normal existence’ [LO, p. 3781. 
Exotic breeds,. particularly, suffer tropical degenera- 
tion and impaired fertility and are very susceptible 
to the endemic diseases; the Red Poll appears more 
heat-tolerant than the others but also degenerates. 
The Africander and the cattle derived from Btock 
brought in from iropical Africa by the southward 
migration of the Bantu in Lhe pre-colonial era have 
proved the most suitable and the bulk of the herds 
are made up of such African stock up-graded by 
superior Africander bulls [59, p. 121. 
Most of the farms have been subdivided, many to 

less than a quarter of their original size, and, in their 
efforts to extract. a livelihood from holdings Lypically 
of less than 7 square miles, farmers have felt compelled 
to attempt to grow maize, kaffir corn, groundnuts, 
and others crops-utilizing 100 acres on an average 
farm-to supplement their income from cattle raising. 
But the rainfall is low and variable, the soils are predo- 
minantly lighi. and very vulnerable to erosion, and 
any short-term profits that have been made in favour- 
able seasons have been neutralized by financial losses 
in other seasons and soil losses in every year [29, p. 4721. 

PERENNIAL IRRIGATION 
A N D  ITS NATURAL LIMITATIONS 

Irrigation exerted only a very limited and localized 
influence on the development of the arid regions of the 
Union : its application was stringently curtailed by 
relief, by soil, and by climate. The larger rivers occupy 
relatively narrow valleys entrenched well below the 
surface of the plateaux they Lraverse. The gradients 
of the two longest, ìhe Orange and the Vaal, are of the 
order of 3 feet per mile (in contrast. with 5 inches per 
mile on the Nile below Wadi Halfa) and the little 
alluvial land in their valleys occurs typically in discon- 
tinuous ‘shreds and patches’. Over nine-tenths o€ the 
country the mcan annual precipitation is less Lhan 
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30 inches and the evaporation from a free surface is 
between 50 and 110 inches [45, p. 321. The average 
run-off has been estimated as approximately 6 per cent 
of the precipitation, a total of perhaps 30 million 
acre-feet-equivalent to about half of the discharge 
of the Tennessee River whose catchment area is less 
than one-Lenth as large as the Union [93, p. 411. Only 
part of this meagre and highly irregular run-off is 
carried by rivers that traverse or originate in the arid 
regions, and only part of their flow could ever be 
effectively utilized for irrigation. Sites physically 
suitable for diversion weirs and storage dams are few; 
even fewer are well located in relation to potentially 
irrigable land and adequate stream-flow. Groundwater 
resources are limited in volume and distribution. 
Between 20 and 30 per cent of the underground waters 
are too highly mineralized even for stock-watering 
purposes [72, p. 1721 and in only a few localities is the 
groundwater of a quality suitable for irrigation and 
available in quantities sufficient to serve more than a 
few acres. Finally, soil erosion, resulting from igno- 
rance, negligence and apathy in land use-especially 
during the last hundred years-has enormously 
increased the silt-content of many streams and accen- 
tuated the naturally highly irregular character of 
their discharge. Thereby the capacity of any storage 
dam established to impound their waters is steadily 
reduced while the need for such storage and flood 
control increases yearly. Such, in outline, are the 
physical conditions that underlie the history of irri-’ 
gation in SouLh Africa. 
The earliest irrigation works were undertaken not 

in the arid regions but in the original settlement at 
Table Bay where water was diverted from the Vars 
Rivier to irrigate vegetable gardens established there 
by Lhe Vereenigde Oost Indische Compagnie in 1652. 
In the arid regions, apart from the west where occa- 
sional winter rains made possible a modest though 
variable wheat harvest in favoured localities in most 
years, pioneer land use was purely pastoral. Irrigation 
does not appear to have been attempted until towards 
the end of the eighteenth century. The earliest record 
relates to ‘at least one furrow leading out of the Hex 
River’ about 1787 and others are reputed to have been 
led from the Sundays River to provide water for 
crops and domestic use at Graaff-Reinet about the 
same time [46, p. 31. Elsewhere the Griquas and the 
missionaries seem to have been the pioneer irrigators : 
the Griquas on the Orange River before 1800 and later 
at Klaarwater (Griquatown), members of the Moravian 
Brethren at Genadendal on the Rivier Zonder End 
(in a marginal semi-arid area) in 1792 [46, p. 31, and 
members of the London Missionary Society among the 

by about 1830 along the Olifants River in the Little 
Karoo and along some tributaries of the Great Fish 
River farther to the east [108, p. 211. In the Upper 
Karoo and the Great Karoo the Colonial Government 
afLer 1864 embarked on the construction of a few 
water storage works, largely as poor relief measures : 
to provide, in their construction, work for unemployed 
Whites and, subsequently, opportunities for poor 
Whites1 to settle and (it was hoped) to achieve 
economic independence as farmers raising crops 
under irrigation. The most notable of these was on 
the Sak River where in 1876 the village of Brandvlei 
was laid out and assigned rights to water. However, 
even as late as 1912, water never reached the village 
although in some years floodwaters impounded 
(in the manner of ancient Egypt) in basins or zaaid- 
amme on the floodplain farther upstream made pos- 
sible the cultivation of a few thousand acres of 
wheat [94, p. 131-until the increasing alkali-content 
of the soil forced it out of cultivation. Greater success 
was achieved at Olivenhouts Drift (Upington) by 
the Griquas who, with few resources other than the 
inspiration of a Rhenish missionary, had constructed 
a canal, 6 feet wide and 14 miles long, and by 1885 
were leading water from the Orange River to irrigate 
a considerable area of alluvial land along the north 
bank [53, p. 951. 
The greatest development of irrigation in the nine- 

teenth century, however, did not draw upon the waters 
of the largest perennial river, but took place farther 
south where the fioodwaters of intermittent streams 
were distributed over alluvial fans and flats by innu- 
merable small diversion works. With the rise of ostrich 
farming such schemes, each involving no great 
capital outlay by the riparian owners co-operating 
in its construction, spread a green rash of lucerne 
pastures over the Little Karoo and adjacent regions. 
Although these works made no provision for water 
storage, on the whole they proved satisfactory 
enough : lucerne, when well-established on the deep 
alluvial pedocals, could tolerate long intervals between 
waterings and the ostrich, whenever the lucerne 
paddocks needed resting, was content to return to 
its native veld. ‘ Provided one or two crops of lucerne 
were produced during the year, ostrich farmers 
were not seriously put out, and the flood irrigation 
system based upon the scanty and erratic flow of 
Karoo rivers satisfied the needs-more or less ’. 
[96, p. 2.1 Later, following the introduction of the 
well-boring machine and the windmill pump, it 
became possible to irrigate small areas of lucerne 
and to provide some supplementary fodder on many 

Bechuana at Lattakoo (Maruping) on the I(uruman 
River about 1820 [68, p. XXV]. 

irrigation from springs .and streams gradually became 

1. Graziers impoverished by drought losses were among the ‘foundation 
members’ of the poor White class. Lnter, thousnnds who hnd found employ- 
ment ns ‘transport riders’ after the opening of the dinmond mines nnd gold With ,,loser settlement, crop production under mines were also relegated to the snme class when the rnilwny replnced the 
ox-wngon ns the medium of inland transport. Finally, the oollnpse of the 
ostrich-fenther mnrket brought other recruits who likewise were unnccus- 
tomed to diligent lnbour nnd possessed little knowledge of nrnble farming more widespread. It is said to have been fairly general ~34, 821. 
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far-scattered farms by tapping groundwater, such as 
that impounded behind the numerous dolerile dikes 
that transect the nearly horizontal sedimentary rocks 
of the Karoo. The purchase of well-boring machines 
by farmers was first subsidized by the Cape Govern- 
ment in 1896 [Z, p. 3661 and the spread of the wind- 
mill pump was undoubtedly hastened by the drought 
of 1903 [16]. 
Thus, until about 1913, most .of the irrigation 

development was based on the ostrich feather indus- 
try but thereafter the collapse of the feather market, 
the drought of 1913-1915, and the first world 
war made it obvious to all that ostrich farming 
must give place to the production of staple agricul- 
tural products. For these, irregular flood irrigation 
would not suffice; ‘a supply of water must be assured 
during the critical seasons of the year’ and such 
a supply could be provided only ‘by the conservation 
of water in large reservoirs’ [96, p. 21. 
This became the keynote of the irrigation policy 

in the postwar years. The era of flood irrigation had 
prepared the way by giving rise to a number of 
irrigation boards1 and a generation of farmers exper- 
ienced in co-operative irrigation. The legal experience 
of that era had also borne fruit in legislation (Act 
No. 8 of 1912) that for the first time made legal 
provision for the impounding and storage of floodwater 
and for the protection of water storage works, once 
established, against the interception or diversion of 
floodwaters that would normally be tributary to them 
and to which they had been granted exclusive or 
prescribed proportional rights [46, p. 71; 35, p. 361. 
The provision of the large storage works needed 

to supply perennial water to former flood-irrigation 
schemes and to new irrigation areas elsewhere was, 
in the Union as in most other countries, not attractive 
to private investment but was regarded, at least 
by the farmers concerned, as the duty of the State. 
Therefore, in the parliamentary lobby, irrigation 
schemes became the fair game of pressure groups. 
The relief of unemployment, particularly among 
poor Whites in areas drought-stricken in the years 
1929-1933, and other political considerations vied 
with-and in some instances outweighed-physical 
and economic conditions in determining policy and 
decisions that the Irrigation Department was required 
to implement [50, p. 121. 
Most of the first reservoirs to be completed (1918- 

1925) were in former ostrich-farming and flood- 
irrigation areas: in the Little Karoo and on the 
Sundays and Great Fish Rivers. But these areas 
were not alone in their need of irrigation. Wherever 
a long dry season is normal and precipitation is 
uncertain, irrigation is a prerequisite for intensive 
agriculture. Consequently there was a demand for 
irrigation in Lhe subhumid areas also-a demand 
that could be most easily met where Lhe water- 
gaps CUL through the Magaliesberg and the other 

cuestas of the Bankenveld by the headstreams of 
the Marico, Crocodile, and Olifants Rivers offered 
a series of excellent dam sites near the large urban 
centres of Lhe southern Transvaal. There the Harte- 
beeslpoort D a m  (136,000 acre-feet) was completed 
in 1924 and other reservoirs followed in the years 
1929-1943.2 Farther to the east, where the mild 
frostless winters and hot summers of the Low Veld 
permit the production of ou t-of-season vegetables 
and subLropica1 fruit, the steep kloofs of the Drakens- 
berg offer no comparable storage sites but the less 
variable flow of the headstreams of the Letaba and 
other rivers makes storage less necessary. There in 
the same two decades small diversion works and 
pumps were installed to irrigate several thousand 
acres, mainly near the railway. 
Meanwhile, the dams3 built in the basins of the 

Sundays and Great Fish Rivers suffered rapid silting. 
Their headstreams originate in the region where, 
during the preceding 80 years or less, the former 
continuous grass cover had been removed by grazing 
and replaced by invading Karoo bushes-leaving 
the deep loamy soils, particularly in the dales and 
valleys, exposed to catastrophic erosion and charging 
the run-off with a burden of silt that, within eleven 
years, reduced the aggregate capacity of the four 
new reservoirs (initially nearly 280,000 acre-feet) 
by more than 28 per cent and the capacity of that 
on the Tarka, the worst affected, by nearly 40 per 
cent [4J]. The name of Vlekpoort, one of the worst 
eroded areas in its calchment-basin, became a byword 
for erosion-wrought devastation. Expropriation and 
the application of costly soil conservation measures 
by the State became imperative if any of the residual 
storage downstream was to be preserved. For such 
action, however, the State had no legal power. With 
the perpetual quitrent system of land tenure forced 
upon reluctant farmers in 1813, the State had signed 
away its original ownership of the land and, in 
subsequent legislation, had conveyed and confirmed 
it, for better or worse, into private hands, competent 
or incompetent, worthy or otherwise. Erosion and 
silting accordingly continued uncontrolled until the 
passage of the Forest and Veld Conservation Act 
{No. 13 of 1941) gave authority for State intervention. 
Meanwhile the height of the dam at Lake Arthur 
on the Tarka River was increased in 1939-1940 
in an attempt to restore some of the lost capacity. 
Later, after soil conservation measures initiated 
by the State had reduced the silt content of the 
run-off, a new d a m  to provide another 62,000 acre- 
feet of storage capacity was built at Commando 
1. 

2. 

3. 

In the Cape Colony these wxre constituted’undcr Act No. O of 1017 which 
made provision for State loans to finance irrigation works [46, p. 351. 
1929, Olifantsnck, 13,000 acre-feet; 1933, Bospaort, 3,000; 1934, Rust der 
Wiuter, 23.000: 1935. Buffelsuoort. 4.000. Klein Marico 4.000: 1938. I I  

Loskop, 161,000; 1943, Lindle&oori, 10,000, 
At Grass Ridge on the Great Fisli River (originally 63,200 acre-feet at 
Lake Arthur on the Tarka River (57.400 acre-fcetì. nnd at Lake d k z  
and Van Rhyncvclds Pnsn on the SLndnys River (9&600 and 64,300 ncre- 
feet respectively). 
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Drift, 25 miles farther upstream. Similarly, on the 
Sundays River it was necessary to increase the heighi. 
of Lhe dam aL Lake Mentz, first in 1936 and again 
in later years. By 1951 this had heen raised to 24 feet 
above the original crest-level. Nevertheless, the storage 
is still inadequate in drought years to safeguard 
the citrus groves that after the completion of Lake 
Mentz in 1923 had so rapidly displaced most of the 
lucerne in Lhe lower valley-barely 50 miles from 
Port Elizabeth and Lhe regular refrigerated shipping 
services that link it to European markets. 
Along the Vaal and the Orange the development 

of important irrigation works was retarded by the 
physical character of the valleys themselves and by 
the vast extent of their drainage basins which made 
the preliminary reconnaissance surveys correspond- 
ingly protracted. The surveys unfortunately revealed 
no extensive stretches of level land suitable for 
irrigation along the Vaal and only narrow, discon- 
tinuous areas, many liable to submergence at high 
floods, along the Orange; there were only two extensive 
irrigable areas in tributary valleys that would not 
require prepos terously long canals to water them 
by gravity from either of the main rivers. But both 
of these valleys-those of the Rhenoster and the 
Harts-are in the basin of the Vaal which, if it is 
to serve also the rapidly increasing needs of the urban 
centres, industries, and mines of the southern Trans- 
vaal and of the Orange Free State goldfields, can 
provide sufficient irrigation water for only one. 
FurLhermore, although the Vaal and the Orange are 
perennial rivers with mean annual discharges of the 
order of 3 million and 5 million acre-feet respectively, 
neither possesses any large natural storage in its 
upper catchment area : forests, lakes, and permanent 
snowfields are completely lacking. Therefore storage 
works are essential if large volumes of domestic and 
industrial water are to be guaranteed and irrigation 
water is to he available during the critical spring 
season when the rivers are normally at their lowest. 
T o  meet these needs in the Vaal basin, the Vaalbank 

D a m  was constructed in 1934-1937, just below the 
Vaal-Wilge confluence. Its original capacity of 
873,000 acre-feet was increased to nearly 1.7 million 
acre-feet-more than 80 per cent of the mean annual 
run-off at this point, when the d a m  was raised in 
1952-1954. In the Harts Valley a system of canals 
was completed by 1947 to serve more than 70,000 acres, 
and iL was extended during the next ten years to 
water more than 80,000 acres (including nearly 
11,000 acres in the Taung Native Reserve and some 
land along the Vaal towards Barkly West), devoted 
mainly to wheat, groundnuts, and lucerne hay for 
sale. 
TWO smaller schemes, subsequently initiated along 

the left bank tributaries, are noteworthy: on the Riet 
River a rock-fill d a m  was constructed in 1936-1938 
to impound nearly 300,000 acre-feet and to serve 

15,000 acres;l and on the Vet and Sand Rivers work 
was begun in 1946 on two dams of 190,000 and 
170,000 acre-feet capacity, to serve jointly an area 
of 25,000 acres. Unfortunately, the latter scheme 
was held up by a dispute over mineral rights that 
enforced the suspension of construction until 1955 
and delayed the completion of the twin dams until 1960. 
Along the Orange River the aggregate area of land 

suitable for irrigation is probably not more than 
80,000 acres-an area that could not .effectively 
utilize more than one-tenth of the annual flow of 
the river, suitably regulated [50, p. 61. More than 
half of this potential area lies between the Buchuberg 
Barrage (constructed as an unemployment relief work 
during the drought of 1929-1931) and the Aughrabies 
Falls, an area whose development was pioneered 
by the Griquas in the nineteenth century and which 
is now fully developed. There lucerne hay has long 
been the m-ost valuable crop and cotton in the last 
ten years has displaced sultanas from the second 
place. The remainder of the irrigable land along 
the Orange is scattered in small patches, some already 
served by diversion works and pumps and others 
as yet undeveloped (Fig. 11). 
To the farmers of the Sundays and Great Fish 

River valleys, the vision of nine-tenths of the waters 
of the Union’s largest river, silt-laden though it is, 
being predestined to pour as wasted water ‘down 
the drain’ is too tantalizing to be accepted as a 

. 1000 MORGEN 

FIG. 11. Distribution of irrigated land, 194G. The heavy 
dashed line marks approximately the present limit of the 
arid regions. (Redrawn from map IV, 72, in the Atlas of 
the Union of South Africa [7GJ.) 

1. The capacity is unnccessady large to coutrol the run-off but the height of 
the embankment was planned so as to make possible the use of a coi as a 
nnturnl spillway. 
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Providential disposition. They have seen large areas 
of developed land abandoned in the Great Fish River 
basin and in drought years have seen citrus and other 
crops wilt in the Sundays Valley for lack of water. 
They dream of a barrage at Doornpoort near Venter- 
stad to divert a million acre-feet a year from the 
Orange by a 5-mile canal and a 50-mile tunnel into 
the upper basin of the Great Fish River and, by 
branch canals, into the Sundays basin also. It does 
not yet belong to the history of irrigation, no parlia- 
ment has yet been undaunted by the cost, but as 
a project its political history promises to be long 
and eventful. 
The continued expansion of the area under irriga- 

tionl during the last 40 years, despite meagre water 
resources that are generally difficult and expensive 
to harness, is symptomatic of the general trend 
towards intensification of land use everywhere [76, 
section 41. 

INTENSIFICATION OF PASTORAL 
LAND USE 

FENCING, ‘CAMPING’, A N D  THE DECLINE 
OF S E A S O N AL ‘TREKKING’ 

In the arid regions in general the most obvious and 
important change that has occurred has been the 
fencing of formerly open grazing land. The fencing 
and sub-division of farms into paddocks or ‘camps ’, 
each provided with a drinking place, made pasture 
management possible. Judicious management could, 
in turn, increase by at least 30 per cent the carrying 
capacity of Karoo farms during normal years and 
increase considerably their capacity to support stock 
during drought years [86, p. 4291. 
Already in 1897 fencing as a measure to restrict 

the movement of animals and the spread of rinderpest 
was being encouraged by the free conveyance of 
fencing wire over the Cape Government Railways. 
In the same year some of the more progressive farmers 
in the Albany district, on the south-eastern margin 
of the arid regions, began to fence against vermin 
[3, p. 4841. However, fencing spread slowly, retarded 
by conservative attitudes, by lack of capital, and 
by the disruptions of normal economic life caused 
by the South African War. 

From about 1910 onwards the more enterprising 
farmers in the Great Karoo and in the Upper Karoo, 
particularly in the districts of Beaufort West, Car- 
narvon, Fraserburg, and Victoria West, began to 
fence and to ‘camp’ their farms on a large scale 
1107, p. 2811. From 1912 the Fencing Act made 
fencing compulsory when proclaimed necessary for 
the prevention of the spread of stock diseases, required 
neighbouring owners to contribute equitably towards 

the costs of all boundary fences, and made provision 
for loans towards fencing costs to be made available 
from the Land Bank. In 1922 an amendment extending 
these last LWO chapters of Lhe Act to cover also 
vermin-proof (jackal-proof) fencing initiated a more 
widespread movement. By the 1930s the manifold 
advantages of fencing were becoming generally 
recognized, even in the wide open spaces oî Bushman- 
land. 
The greatest advantages accrued where jackal- 

proof fencing was erected. This at one stroke elimin- 
ated the need that had long existed almost everywhere 
in the Karoo for both continuous herding during 
the day and regular kraaling at night. Thereby, 
at a saving of labour, the animals were left free to 
decide themselves when to graze and when to rest. 
They were not crowded each night in a kraal that 
harboured every parasite and contagion in its dry- 
stone walls and in the excreta of generations.2 In 
summer they were at liberty to graze naturally 
in the coolest hours and to rest during the heat 
of the day. In winter, at nightfall or at the approach 
of a storm, there was no occasion to drive them hard 
at the risk of overheating on the trail and of subsequent 
chills in the kraal, for each was free to seekits own 
shelter in its own time. Consequently the quality 
of the mutton and wool and the carrying capacity 
of the veld were correspondingly improved. 
Periodic resting of the veld, such as became possible 

when a farm was subdivided into camps, enhanced 
its carrying capacity further. In most regions the nekd 
for seasonal movements to other pastures began to 
fall away and with the spread of fencing the obstacles 
thereto began to multiply. Custom had, of course, 
established recognized rights of way, ‘ trekpaths ’, 
for the movement of stock. Along these ill-defined 
and unfenced ways, especially in Namaqualand, 
Bushmanland, and neighbouring regions, where law 
and custom permitted free grazing up to 400 yards 
on either side of the trekpath, the landless grazier 
or trekboer of the colonial era had survived into the 
twentieth century. But when farm boundaries were 
fenced, adjoining landowners reduced the trekpaths 
to mere gorrels (throats), 100 yards wide and in many 
instances even narrower. After the passage of a few 
flocks along these conslricted ways, little remained, 
save poisonous and unpalatable plants. Thus in some 
areas trekking was figuratively strangled out of 
existence. 
Fencing, by impeding free contact between flocks 

on the veld, also played its part, together with the 
compulsory clipping measures intensified after 1925, 
in the virtual elimination of scab (Psoroptes communis 

1. In 1950 the total area of irrigated land in the Union, as recorded in the 
report of the Agricultural Ccnsus, was approximately 1,250,000 acres of 
which 160,000 acres watered from boreholes and a little less than half lay 
in the arid regions ns here defined. 

2. The sale of this ‘Karroo manure,, pariidarly to horticulturalisis and viti- 
culturalista in the south-western Cape Province, was for some ycnrs a 
notable source of supplementary income on m a n y  farms. 
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var. ouis) from White farming areas.l It is perhaps 
no coincidence that scab persisted longest in the 
north-west, the region that was last and least fenced, 
although it must be admitted that there the difficulties 
of control were multiplied by the vast extent and 
sparse population of the region that enabled many 
to avoid the stock inspectors, by local conditions 
that still make regular seasonal trekking necessary 
for some, by long droughts that still too often make 
emergency trekking necessary for many or leave 
the stock in too poor a condition to dip, and by the 
sparsity of dipping tanks, the scarcity of water to 
fill them, and the mineral content of the water that, 
in some instances, impaired the efficacy of the dip [39]. 
Scab control regulations in their turn supplemented 
fencing in discouraging trekking as regulations pro- 
hibiting the movement of scab-infested stock were 
enforced in ever-widening circles, beginning in the 
vicinity of ‘clean’ districts, until in 1937 even in 
the north-west it became necessary to obtain a permit 
from a government inspector before moving stock. 
Consequently, seasonal trekking persists today 

in only a few places. In the north-west it has been 
maintained by the great seasonal fluctuation in the 
carrying capacity of the veld on the Atlantic slope. 
After 1913 it was facilitated by the sinking of bore- 
holes in the formerly waterless 60-70-mile wide 
western margin of Bushmanland and after 1927 
was stimulated for some years by the opportunities 
it afforded for the illicit acquisition of Namaqualand 
diamonds. Furthermore, the change from the dry 
grass of the Bult, low in phosphates, to the succulent 
and highly nutritious winter grazing of Namaqualand 
greatly benefits stock from Bushmanland, while in 
summer it is equally advantageous for Namaqualand 
stock to be removed from their home farms where 
the grazing is then so poor and stock poisoning 
from toxic plants is frequent. 
In the south-west sheep still move down from 

the Cold Bokkeveld and the Roggeveld to lamb 
in winLer in the Doorn Karoo, though in smaller 
numbers than formerly. The Bokkeveld sheep are 
virtually expelled by the lack of winter feed in the 
dormant bush and ‘sour’ grass on their home farms 
and profit much from a spell on the Karoo grazing 
with its higher lime and phosphate content. Their 
removal, attended in the past by some inevitable 
loss of condition and in many years by serious losses 
from grazing toxic plants along the trekpaths, has 
been facilitated by the general use of motor trucks 
since 1937. This in turn has made it possible to set 
the lambing season earlier, so that lambs can be 
dropped on the home farms in April, transferred 
with their dams to succulent grazing after the first 
rains in the Karoo, and soon after their return in 
spring can carry 6-7 pounds of wool each on to the 
shearing floor in October or November. From the 
Roggeveld trekking is not so necessary; rotationaI 

grazing in jackal-proof camps and the introduction 
of lambing sheds have made it possible for many 
Roggeveld flocks to remain on the home farms 
throughout the year. Nevertheless, where the distances 
are small, as between adjoining farms on the crest 
and at the foot of the escarpment, the benefits that 
trekking can bring to the stock and to the veld out- 
weigh any disadvantages. 

T H E  C O N T R O L  OF LOCUSTS A N D  VERMIN 

Another notable development has been the attainment 
of a substantial measure of control over the locust. 
The springbok, that drought formerly expelled from 
time to time from the Upper Karoo in such immense 
herds, were more than brought under control by 
the hunter soon after the last appearance of the 
trekbokke in 1896. In their turn the locusts that as 
late as 1934 invaded almost the whole of the Union, 
apart from the western and southern littoral and 
the south-western Karoo [25], appear to have been 
largely brought under control by the regular observa- 
tion of potential outbreak centres within and the 
early reporting of invasions from outside the Union 
and by the efficacy of gamma-benzenehexachloride 
as an insecticide for use against them, both from 
aircraft and from ground-operated dusting and 
spraying equipment. First used on an experimental 
scale in 1946-1947, BHC proved deadly to locusts 
but is apparently tasteless and harmless to grazing 
animals [87, p. 967-968 and p. 1059; 88, p, 491. 
The leopard remains only in the more mountainous 

and broken country. Although its elimination per- 
mitted the jackal (Thos mesomelas) to increase in 
numbers and to become for many years a far greater 
pest to sheep farmers, the jackal in turn has been 
largely brought under control by fencing, hunting, 
and trapping. The campaign against it, promoted 
by the payment of a bounty on every jackal destroyed, 
provided incidentally a measure of distress-relief 
in some drought years when residents of the western 
districts of the Upper Karoo ‘turned in many instances 
to the destruction of vermin as a means of livelihood’ 
(e.g. in 1922-1923 when magistrates there paid out 
more than ;E16,000 in rewards) [98, p. 371. The donkey 
that, abandoned and breeding wild in the north- 
west, was reputedly deslroying the grazing in some 
areas after the first world war [98, p. 28; 97, p. 561 
has also been largely eliminated. 
Such developments have made the Karoo a less 

exacting habitat for sheep. They made it possible 
for sheep to increase to a peak figure o€ nearly 50 mil- 
lions in 1930 (before the devastating droughts of 
1931-1933) and enabled the wool-producing Merino 

1. Its eradication from Native reserves has proved extremely difficult and 
such areas remain reservoirs of infection, particularly in the Transvaal 
and Natal. 
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Fish Rivers and the adjacent summer-rainfall regions, 
it spread rapidly. Jointed cactus or tigcr pear, 
indigenous to Argentina and Uruguay, was introduced 
between 1850 and 1860 as an ornamental plant- 
unfortunately into ‘ a locality where conditions were 
most suitable for its propagation’-the sparsely 
populated, thorny, succulent scrub of the Great 
Fish basin. There iL spread, unhindered by man 
and assisted by animals and stormwater, until in 
the 1930s it was branded the most noxious weed 
in South Africa [103, p. $951. 
By 1935 the prickly pear almost completely occupied 

over two million acres of farm land in the eastern 
Cape Province and thousands of acres scattered along 
the semi-arid to subhumid marginal zone from the 
Great Fish River to the Limpopo. Encroaching 
insidiously and continuously on grazing land and 
causing the death of thousands of animals annually, 
it had become a national menace [62]. Farmers 
who had fought it with arsenious sprays and by 
manual means demanded State action [60, p. 3391. 
In 1934 the Department of Agriculture accordingly 
embarked upon a campaign to infest the weed growth 
with colonies of the Central American moth Cacto- 
blastis cactorum, that had proved so effective in 
reducing infestation in Australia and which, in 
experiments in the Union in 1925 and 1933, had 
proved unlikely to damage any South African crops 
or veld succulents [61, p. 141. Unfortunately, the 
cactoblastis proved less effective as a control under 

FIG. 12. Distribution of sheep owned by all races in the peak 
year, 1930. The heavy dashed line marks approximately 
the present limit of the arid regions. (Based upon the 
Agricultural Census of 31 August 1930.) 

and, in favoured areas, wool-and-mutton cross breeds 
(e.g. Merino x Dorset Horn or Hampshire Down) 
to displace the Blackhead Persian and the Africander 
from most of the central and even much of the 
western Karoo (Fig. 12). 

Nevertheless the future of the Karoo and, indeed, 
of all the arid regions remains uncertain, perpetually 
threatened by the curse of recurrent droughts (Fig. 13) 
and the not dissociated problem of veld deterioration 
that results mainly from injudicious land use and, 
to a minor degree, from the unfortunate introduction 
of alien weeds. 

TEE CAMPAIGN AGAINST PRICKLY PEAR 
A N D  JOINTED CACTUS 

Exotic weeds, notably prickly pear (Opuntia mega- 
cuntha) and jointed cactus (O. uurantiaca), have 
proved more difficult to control and have been 
locally more destructive to grazing than either the 
donkey in the 1920s or the dassie (Procuvia cupensis), 
which in recent years has become a threat to the 
grazing in some areas where the jackal has been 
exterminated [63, p. 2541. The prickly pear, indigenous 
to Central America and Brazil whence it spread to 
Spain and Portugal and so to India, was introduced 
into the south-western Cape Colony by ships of the 
Vereenigde Oost-Indische Compagnie [102, p. 51. 
There, as in Mexico, it was used successfully as a 
hedge plant but, following its introduction-after 1750 
into the drainage basins of the Sundays and Great 

7000 

FIG. 13. Distribution of sheep lost through drought, diecases, 
vermin and other causes in the year ended 30 June 1934-a 
year of severe losses. The heavy dashed line marks 
approximatcly the present limit of thc arid regions. (Based 
upon records in the Office of the Direclor o€ Veterinary 
Services, Pretoria.) 
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South African conditions. Its numbers increased less 
than half as rapidly as in Australia and even in the 
more favoured areas ‘it was 41 years before any 
appreciable amount of . . . O. megacantha had 
become . . . heavily infested’ [61, p. 681. In the 
higher parts of the Karoo, winter cold proved a 
serious deterrent. Where the common prickly pear, 
O. megacantha, occurred with O. tardospina the 
moths were attracted to deposit most of their eggs 
on the latter whose highly mucilaginous sap proved 
fatal to most of the larvae. Hailstorms also destroyed 
large numbers of eggs; baboons and apes devoured 
the larvae, rodents ate the pupae; a protozoön 
disease, Nosema cacto blastis Fantham, unknown in 
Australia, caused considerable losses in the subhumid 
marginal areas ; an insect parasite, Erachymeria, 
destroyed many pupae in the cocoons; and several 
species of ants attacked cactoblaslis in all stages 
except the adult motL [61, p. 751. 
By 1941 it was obvious thai, although cactoblastis 

aitacks weakened the prickly pear, the moth was 
not competent to eradicate it. Other media of biological 
control were sought and found in the commercial 
cochineal insect, Dactylopius coccus, and the common 
cochineal of Mexico and the south-western United 
States, D. opuntiae, introduced from Australia in 
1937. The latter in the first few years following its 
release in 1938 proved too zealous. It defoliated 
not only large areas of the noxious opuntias but 
also some plantations of the ‘ spineless cactus’ (other 
than the Monterey variety) which, after its introduc- 
tion from California in 1909 [417], had been established 
on Karoo farms to provide fodder reserves for use 
during droughts. But by 1944 coccinellid predators, 
notably the African Exochomus jlavipes and the 
Australian Cryptolaemus montrouaieri, introduced in 
1900 to control grape and pineapple mealy bugs, 
had begun to make serious inroads into many colonies 
of Dactylopius opuntiae. The Cryptolaemus had not 
solved the mealy bug problems of either the Bathurst 
pineapple growers or the Constantia viti-culturalists, 
but it had proved conspicuously successful in the 
control of the citrus mealy bug. Consequently almost 
as soon as cochineal colonies were established in 
the abundant prickly pear of the Sundays River 
Valley they were attacked not only by the indigenous 
Exochomus but also by the Cryptolaemus that had 
been so carefully bred for years on one of the local 
citrus estates. By 1939 both beetles had so increased 
in numbers that, while citrus farmers were relieved 
of any further need to breed Cryptolaemus, the 
cochineal had been deprived of much of its efficacy 
as a means of controlling prickly pear [61, p. 1131. 
In the subhumid and especially in the coastal areas 
where the higher humidity and more moderate 
temperatures favour both the increase of the cocci- 
nellid predators and the regrowth of opuntia, cochineal 
was soon rendered useless; in the semi-arid areas, 

however, experiments between 1938 and 1943 showed 
that, where opuntia well-infested with cochineal 
was felled leaving no stumps, the cochineal was 
sufficiently protected from the weather and from 
the predators to continue to increase until the weed 
was eradicated [61, p. 1331. These measures were 
employed in a vigorous programme inaugurated 
in 1946 by the Department of Agriculture and by 
farmers operating under a subsidy scheme. It proved 
so successful that, of the 4 million acres originally 
infested, by 1950 only 200,000 acres remained- 
almost all in subhumid areas where the cochineal 
is ineffective [88, p. 4421. 
Biological control was urgently needed for the 

jointed cactus also. Between 1924 and 1934~~ despite 
an ‘eradication campaign’ conducLecl under a Provin- 
cial Ordinance (which provided for the equal sharing 
of costs between the provincial government, the 
local divisional councils, and the landowners) the 
estimated area infested by the weed increased from 
100,000 to more than 400,000 acres. Thereupon, 
under Act No. 54 of 1934, the Union government 
assumed responsibility for cleaning the weed from 
infested areas, operating the campaign also as a 
small-scale unemployment relief scheme for Bantu, 
Whites, and Colourecls [26, p. 3441. 
In 1932, however, small numbers of a new South 

American cochineal, Dactylopius confusus, apparently 
specific to only two of the opuntias occurring in 
South Africa, O. aurantiaca (jointed cactus) and 
O. tardospina, were introduced. In 1935, when sufficient 
numbers had been bred, it was distributed in infested 
areas and soon proved so promising that the Depart- 
ment of Agriculture in 1938 discontinued the costly 
chemical and mechanical measures employed hitherto 
and concentrated entirely upon propagating and 
distributing the new cochineal. By 1941 it ‘had 
accomplished almost complete destruction of the 
primary growth over the cactus-infested areas ’ but, 
unfortunately, it did not kill the roots and scattered 
regrowth from surviving tubers followed throughout 
practically all of the area originally infested. The 
re-establishment of the cactus was made possible 
not only by the dying out of the cochineal for lack 
of sufficient host plants after the success of its initial 
onslaught, but by the appearance of enemies of the 
new cochineal : rodents, ants, the same coccinellid 
predators that had earlier reduced D. opuntiae colonies 
on prickly pear, and a new fungus disease, Empusa 
lecanii [61, p. 1561. Therefore, although the cochineal 
has reappeared in some areas as soon as the secondary 
growth of jointed cactus has become sufficiently 
dense, hopes of controlling the weed must rest again 
upon manual and chemical methods of control. 
Among the last, the hormone weedkiller 2,4,5,T, 
which has been issued free of cost by the Department 
of Agriculture to farmers since 1957, may offer the 
greatest hope of success although the complete 
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elimination of all sources of re-infestation by such 
means is almost impossible in sparsely populated 
and mountainous terrain. 

D R O U G H T S ,  DESICCATION, AND VELD 

THE DECLINE OF AN ‘AFRICAN EDEN’ 
DETERIORATION- 

Droughts of irregular duration and erratic occurrence 
have always been part of the climatic pattern but 
there is a widespread belief that they have become 
more frequent within living memory. However, 
personal reminiscences are notoriously unreliable as 
weather records and observational data from the 
four oldest rainfall stations in the arid regions, 
extending back to between 1861 and 1870: show 
little evidence of any change. On the other hand 
‘there is ample evidence to support the view that 
serious desiccation is taking place in many parts 
of South Africa’ [41, p. 1361. 
The causes of this desiccation are cultural rather 

than climatic. The replacement of the rich, varied, 
and mobile indigenous fauna by a far less mobile 
and nowadays largely sedentary fauna composed 
principally of one, two, or at most three kinds of 
exotic farm animals has completely changed the 
ecological conditions affecting the vegetation. 
The veld was formerly the habitat of a prodigious 

variety of grazing and browsing animals, each species 
with its own particular feeding habits and preferences, 
to some extent complementary to those of others. 
Some animals, such as the trekbokke, grazed the 
veld intensively on certain occasions and in certain 
localities but for only short periods. Others, equally 
mobile but less numerous, their numbers adequately 
controlled by the lion and other carnivora, appear 
rarely to have subjected the veld to excessive grazing. 
The Hottentot and the Bantu added an insignificant 
minority of cattle, sheep, and goats, but the European 
colonist, over a period varying from a few decades 
in the north-eastern L o w  Veld to more than two 
centuries in the south-western Karoo, gradually 
exterminated most of the native fauna and substituted 
in its place one or more of these three kinds of farm 
animals. 
Around the kraals, into which these domestic 

animals were regularly herded at night for protection 
from carnivores, and around the watering places, 
the veld was soon overgrazed and trampled out, 
run-off began to transform stock-trails into gulleys, 
and in light soils wind-erosion was initiated. As 
the population and the numbers of farm stock 
increased, some areas became overstocked. As long 
as trekking persisted the veld was relieved, at least 
seasonally, of grazing pressure-even though it was 
rarely rested at the optimum season for plant reproduc- 
tion. With the decline of trekking, seasonal resting 

of the veld became less general and lhe pressure 
upon it was prolonged, except where fencing, the 
subdivision of farms into camps, and the provision 
of sufficient watering places was accompanied by 
a satisfactory system of rotational grazing-a condi- 
tion rarely fulfilled and one that could be fulfilled 
only fortuitously in the absence of careful research 
into pasture management. For, despite Lhe predomi- 
nantly pastoral bias of South African farming, 
sufficient funds and sufficient staff have never been 
devoted to the intensive scientific study of the 
pastures upon which it is SO fundamentally dependent. 
In 1923 the Drought Investigation Committee in 

its final report recorded that grazing pressure was 
aggravated further by the then (and still) almost 
universal tendency of farmers to stock their holdings 
on the basis of the estimated or over-estimated 
carrying capacity in a good year and by the general 
failure to reserve fodder for use in times of scarcity 
[92, p. 81. Furthermore, to avoid costs of transport 
and of hiring other grazing in times of drought, 
it was (and still is) usual to keep animals on the 
impoverished veld-in the hope of rain-long after 
antelope and zebra would have moved elsewhere. 
Such prolonged selective grazing by one or two 

classes of animals, more or less frequent local over- 
grazing, and repeated punishment of drought-stricken 
pastures have impoverished the plant cover over 
wide areas. Palatable and nutritious plants have 
become fewer while toxic and unpalatable species 
have become more abundant. The grass (particularly 
the perennial grasses formerly widespread in the 
Karoo [40, p. 726])-of such manifold value as 
pasture, as ‘the greatest conserver of soil moisture, 
and as the most important builder of soil fertility’ 
-suffered most of all [91, p. 81. Thereby, in a 
chain reaction, run-off and soil erosion have been 
promoted, the depth and water-retaining capacity 
of the soil have been reduced, precipitation has 
been rendered progressively less effective in providing 
for plant growth and in maintaining the Bow of 
springs and wells, and the depleted veld has become 
less drought-resistant. As a result culturally-induced 
changes have created an illusion of general climatic 
deterioration. However the climatic change is not 
all illusory. Over enormous areas formerly well- 
vegetated surfaces are now more exposed, often 
completely exposed, to insolation. There, at the 
soil level where germination occurs, higher maximum 
temperatures and greater evapotranspiration losses 
represent a real and significant deterioration in the 
microclimate of the seed bed. 
Today there is little or no vegetation in South 

Africa that is in its original condition but it is the 
arid regions and a broad marginal zone adjoining 
them that have suffered the most catastrophic 

1. Graaff-Roinet, 18G1; Clanwilliam, 1868; Worcester, 1869; nnd Somerset 
East, 1870. 
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changes. ‘The most . . . alarming is the spread of 
Karoo at the expense of sweet grassveld’ El, p. 1421, 
an eastward advance of as much as 150 miles in 
places in the last hundred years affecting an area 
of nearly 25,000 square miles [84, p. 5211 (see Fig. 1). 
This ‘False Karoo’ appears to be primarily the 
result of overgrazing, although the depredations of 
locusts and harvester termites have been contributory 
faclors. Qnce depleted beyond the critical stage 
the grass cover becomes vulnerable to harvester 
termites (Hodotermes spp. and Microhodotermes spp.), 
which thereafter practically eliminate the remaining 
grass [19, p. 263; 20, p. 2431. The invading, widely 
spaced Karoo bushes are incompetent to protect 
and conserve the grassveld soils and, consequently, 
over thousands of square miles the soil erosion has 
made the vegetation change irreversible. 
The savanna grassland, or Kalahari Thornveld, 

of Griqualand West is suffering a similar Karoo 
invasion that appears to have followed in the wake 
of the colonial sheep farmers who first entered the 
region in significant numbers in the 1880s. They 
found the veld dominated by tall grasses but, by 
deliberate overgrazing, succeeded in ‘taming’ the 
veld, i.e. degrading the grass cover sufficiently to 
make it better suited to sheep. They welcomed 
the gradual appearance of Karoo bushes but were 
unable to foresee or to forestall the effects of continued 
selective grazing that further depleted the indigenous 
grass, reduced the numbers of the more palatable 
of the invading Karoo bushes and promoted the 
spread of poisonous plants such as vermeerbos (Geigeria 
passerinoides); it also appears in recent years to 
have accelerated the Karoo invasion [ZO, p. 621. 

Parallel changes are to be seen in the extension 
eastwards over much of the Upper Karoo of the 
more arid Karoo facies, dominated by blomkoolganna 
(Salsola tuberculata), driedoring (Rhigozum tricho- 
tomum), and such desert grasses as Aristida obtusa, 
and, in the west, in the appearance in Bushmanland 
and Namaqualand of extensive patches of near-desert 
vegetation, characterized by a sparse growth of 
mesembryanthemums and other dwarf succulents. 
In the marginal zone to the east the threat of changes 
to come is perhaps to be seen in the developing 
thickets of Acucia karroo that dot the grassveld of 
the western Transvaal and Orange Free State and 
in the pioneers of the more arid Karoo species that 
are already to be found near the humid limit of 
the False Karoo. 
In the savanna thornveld and bushveld other 

changes have followed the destruction of the delicate 
balance that formerly existed between grass and bush. 
In the north-western Cape Province and the northern 
Transvaal alike, most of this damage has been inflicted 
during the present century, mainly since 1920. Already 
in 1943 it was estimated that more than 35,000 square 
miles in the arid bushveld and adjoining regions of the 

PATCHILY BELOW THE CRITICAL STACE 
BELOW THE CRITICAL STAGE 

? CULTURALLY INDUCED DESERT 
i 4 

- LIMIT OF ARID REGIONS ----- LIMIT OF KAROO PATCHES 
FIG. 18. The advance of the desert. The heavy dashed line 
marks approximately the present limit of the arid regions. 
In the deterioration of the vegetation, the critical stage is 
reached when the plant cover, particularly the grasses, is 
just able to protect the soil against erosion. Deterioration 
beyond this stage leads rapidly to soil depletion that makes 
impossible the restoration of a plant cover comparable with 
the original veld (even if grazing is suspended entirely) 
and that, if not arrested, ultimately reduces the veld to a 
condition that economically if not botanically is scarcely 
distinguishable from desert [l, pages 141. (Redrawn from 
J. P. H. Acocks’ State of vegetation in A. D. 1950.) 

Transvaal had either become so densely overgrown 
by bush as to have suffered a marked decrease in 
carrying capacity or were seriously threatened by 
bush that was ‘invading grassveld at an ever increasing 
rate’ [38, p. 7251. In 1956 it was estimated that 
26,000 square miles in the Kalahari thornveld north 
and west of Kimberley were similarly affected [llO, 
p. 7321. 
Throughout the Karoo and the southern margin of 

the thornveld and in part of the northern Transvaal 
bushveld the deterioration of the plant cover and the 
concomitant soil erosion have proceeded beyond the 
critical stage when prolonged resting might have 
permitted recovery and restoration of the original 
vegetation (Fig. 14). Over thousands of square miles 
it has gone so far beyond the point of no return that 
the appalling spectacle of ‘ denudation, impoverish- 
ment and weed-infestation’ [91, p. 71 recalls as no 
idle rhetoric the grim foreboding of the Drought 
Commission Report: ‘ The logical outcome of it all is 
“The Great South African Desert” uninhabitable by 
Man.’ [92, p. 3.1 
Droughts continue to take their toll of the farm 

stock and of the veld in many ways. Since 1925 annual 
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losses of livestock (in which deaths directly or 
indirectly caused by drought usually predominate) 
have been equivalent to about 4 per cent of both large 
and small stock in good years but in bad years have 
been of the order of 10 per cent of the cattle and 
20 per cent of the sheep1 (see Fig. 13). These are per- 
centages for the Union as a whole; for individual 
districts they rangc far higher. Special railway rates 
(less than one-tenth of normal rates) and modern 
motor transport, including in 1959 the use of a large 
number of military vehicles, have facilitated the 
watering and supplementary €ceding of stock in, and 
their removal from, drought-stricken areas. Thereby 
livestock losses have been minimized but at a price to 
be measured by the extent to which millions of ‘ guest- 
sheep’, transferred to High Veld pastures that were 
already fully stocked, have hastened the preparation 
of the grassveld for the further advance of the 
Karoo. 
Thus the veld, virtually the only source of economic 

wealth in South Africa before the exploitation of its 
minerals, has become also a diminishing resource. 
Measures designed to relieve the more acute symp- 
toms of its deterioration have, unfortunately, in 
many instances effectively hastened the process until 
regions that were formerly the source of the country’s 
greatest wealth have become the seat of its gravest 
problems. 

For more than a century after the first White colon- 
ists settled in the interior, the arid regions were the 
economic heart of South Africa. The humid eastern 
regions were not drawn into its economic life until the 
advance of the White settlers had carried their pastoral 
economy north of the Orange and across the Drakens- 
berg in the 184,Os. Arable farming, despite the more 
favourable climate there, remained relatively unim- 
portant until the discovery of diamonds, gold, and 
coal in the decades 1870-1890 had brought an influx 
of immigrants and laid the foundations of the first 
large inland towns. Even then, farming remained 
predominantly pastoral to a degree that left the 
country a net importer of foodstuffs until the first 
world war. 
But the environment that had confronted the 

pioneers with a wealth of game was equally rich in 
insect life and micro-organisms that came to plague 
the domestic stock and to take toll of the crops of 
their descendants. It was therefore natural, in the 
post-railway era of education, rapid communication, 
and scientific progress, that farmers should seek help 
from the State in meeting the manifold problems and 
adversities that beset them. In 1893, three years 
before the rinderpest epidemic swept in from the 
north, the South African Republic appointed its first 
government veterinarian,2 in 1895 the Cape Colony 
appointed its first government cntom~logist,~ and in 
1898 the first government agricultural school was 
opened at Elsenburg, near Stellcnbosch. 

Since 1910 the policy of the Union Government has 
been consistently sympathetic to, and in large measure 
dictated by, Lhc politically dominant rural electorate. 
Results of its support are to be seen in the long pro- 
gramme o€ veterinary research that has brought world 
renown to the Onderstepoort Veterinary Research 
Institute, in the State agricultural colleges and cxpe- 
rimental stations and their manifold work in agri- 
cultural education and research, particularly in agro- 
nomy and animal husbandry, and in the facilities and 
services provided by the Department of Water Affairs 
(formerly Irrigation) and the Department of Geological 
Survey to assist farmers in the development of ground- 
water resources. 
Measures to assist farmers in meeting other imme- 

diate problems and to encourage other desirable deve- 
lopments in farming methods were also, perhaps, 
justifiable in the early years in a country of poor soils, 
scanty and uncertain rains, and many pests. In times 
of drought the State railways transported fodder 
consigned to and livestock removed from drought- 
stricken areas at sub-economic rates and, from time 
to time, the legislature wooed the rural voter with 
other measures ranging from small unemployment 
relief schemes to large uneconomic irrigation works. 
But recourse to Lhe State for aid, which m a y  have 

been genuinely necessary in the earlier years to reha- 
bilitate the farm economy, in some areas after the 
South African W a r  and to hasten the attainment of 
a higher level of agricultural and pastoral production 
during and immediately after the first world war, has 
now become traditional. The rural population has 
been nursed on a wide variety of bounties, subsidies 
and loans; these have been offered for the destruction 
of vermin, the building of sheds and silos for grain and 
fodder, the construction of dams for irrigation and 
for watering stock, earthworks and structures to 
combat soil erosion, the digging of wells and sinking 
of boreholes, the eradication of prickly pear, jointed 
cactus, and other noxious weeds, the erection and re- 
location of fences, and similar purposes. 
State aid, direct and indirect, is now demanded as 

a right. Thereby the ecological factors that would 
have directed each farming enterprise towards a 
closer harmony with environmental conditions have 
been muted. 
In the depression years of the 1930s protective 

tariffs were raised and marketing controls were imposed 
on such staple commodities as maize, wheat and dairy 
produce, and, from 1931 to 1937, wool and mohair 
producers were given direct subsidies as compensation 
for low world prices. After 1937 the Marketing Act 

1. More than 1,250,000 cattle in the census yenr 1945-1946 and nearly 
9,400,000 sheep in 1933-1934. 

2. Arnold Theiler, 1067-1936, subsequently Director of the Ouderstepoort 
Veterinary Research Institute from its establishment in 19Oû and il leading 
figure in African veterinary science, pariicularly the invcstigation of 
livestock diseases. 

3. C. P. Lounfihury, whose pioneer studies demonstrated the importnncc of 
ticks as vectorfi in the spread of henrtwatcr and otlier stock disenses. 
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provided for a whole series of Control Boards each 
constituted with a majority of producers and endowed 
with wide powers to control the prices, distributors’ 
profits, and marketing system of a particular agri- 
cultural product or class of produce. By the insidious 
multiplication o€ such controls over the years, interest 
has become increasingly focused upon the profit motive 
in farming instead of upon the achievement of a sound 
system of land ulilization in harmony with the climate, 
the soil, and the natural plant cover on every farm. 
The policy of each board is now to protect the profits 
of the producers of its particular commodity-with 
little heed to the policy of any other boards or of any 
division of the Department of Agriculture and regard- 
less of the production methods that may be employed. 
Thus, in climatically semi-arid areas, the cultivation 
of maize has been made profitable, at least for a period, 
and the production of buzter and cheese has been made 
remunerative under conditions inconceivable to a 
Danish dairyman. Farming suffers in a welter of 

Part II: SOUTH 

independent and often conflicting policies while the 
basic knowledge that should be available, at least in 
Lhe Department o{ Agriculture, for over-all planning 
and policy-formulation is equally fragmentary and 
incomplete. For, while distinguished research has been 
directed to the study of livestock parasiles and dis- 
eases, livestock breeding, insect pests, fertilizer require- 
ments, and other conditions affecting the growth of 
particular crops, no commensurate expenditure of 
Lalent and public funds has been devoted to the study 
of the most fundamental field of all, the ecology of 
the natural plant cover and the restoration, mainte- 
nance, and better utilization of the natural vegetation, 
the grass cover and the Karoo bush, without which 
vaccines and price controls, insecLicides and subsidies 
will be of little avail and without which the unstable 
margins of the arid lands will continue to crumble as 
the desert advances into the Karoo and the Karoo 
continues to invade the thornveld and the High Veld 
grasslands. 

WEST AFRICA 
bY 

RICHARD F. LOGAN 
Associate Professor of Geography, Uniuersity of California, Los Angeles, USA 

South West Africa affords an opportunity to study the 
utilization of desert lands under IWO extremely 
contrasting types of culture. Some areas are occupied 
by relatively primitive African tribes, while adj acent 
tracts are utilized by pastoralists of European ancestry, 
employing the latest results of modern science and 
technology. 
South West Africa is a Mandaled Territory of the 

League of Nations administered by the Union of South 
Africa. It is situated on the western side of southern 
Africa between 170 and 280 south latitude. Most of the 
Territory lies atop a portion of the great central plateau 
of southern Africa-a region of low relief at elevations 
ranging from 3,000 to 6,000 feet above sea level. On 
the west the plateau is separated from the sloping 
coastal platform by an abrupt escarpment. The coastal 
platform is monotonously smoolh in the north with 
bare rock or gypsiferous gravels at the surface, but 
in the south solid rock is buried beneath a vast sea 
of sand dunes.l 

From the climatic point of view the most essential 
feature is the decrease in precipitation from more than 
20 inches per annum in the north-east to less than 
one-half inch along the south-west coast. Except in the 
extreme south (where the influence of the frontal 
storms passing the Cape Province in winler are some- 
times felt), precipitation is almost entirely from 
summer convectional storms associated with invasions 
of maritime tropical air from the Indian Ocean; the 
winters are extremely dry. 
Since the purpose of this book is to study the land 

utilization of desert regions, w e  will pay no further 
attention to the more moist areas. Hence we will omit 
from our discussion Lhe north-eastern portion of the 
Territory plus an extension of it southward into the 

1. This paper mnlcs no attempt to disc~66 mining as an aspect of desert land 
use. However, it should be mentioned here that dl of the southern portion 
of the coastal platform is closed to public entry because of the prcsence there 
of ahvial diamond deposits; nnd that much of the governmental support 
of agricultural improverncnt has been made possible hy the revcnues derived 
from the mining of these precious stones. 
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high uplands of the Windhoek district near the 
geographical centre of the country. If the 13-inch 
isohyet1 is used as the criterion, the boundary between 
the arid and semi-arid extends from the Bechuanaland 
border westwards along the twenty-third parallel to 
the intersection with the meridian of 170 east; and 
from that point north-westwards parallel to and about 
100 miles distant from the coastline. 
This alignment is curious in that it removes from 

discussion a sizeable portion of the famous Kalahari 
Desert. This area has been termed ’desert’ because of 
the absence of surface water-a result of its sandy soil 
rather than an absence of rainfall. Actually the deep 
sand makes an excellent reservoir for the storage of 
rainfall, with the result that portions of this ‘desert’ 
are an open woodland of camelthorn trees. Adjacent 
areas which lack the sandy cover, possess scattered 
surface waters, but have only low shrub vegetation 
and appear more desertic than Lhe ‘desert’ itself. 
Four vegetation type occupy the major part2 of 

the arid portion of South West Africa. In the winter 
rainfall area of the extreme south-west (south of 
latitude 260 and west of longitude 170), widely spaced 
succulent-leafed and succulent-stemmed dwarf shrubs 
dominate the scene. Over most of the plateau and 
along the inner edge of the coastal platform, sweeping 
expanses of grassy steppes alternate with wide 
stretches of bush steppe, the type being determined 
by either edaphic conditions or the nature of previous 
grazing. Most of the central and seaward portions of 
the coastal platform (constituting the heart of the 
Namib Desert), as well as certain valley flats (vloere) 
atop the plateaux, are almost totally devoid of vege- 
tation. 
The general appearance, the speciation, and the 

carrying capacity of all these associations vary greatly 
from year to year as a result of extremely great 
variations in the amounts of precipitation. As in most 
arid areas, the annual average precipitation is merely 
a mathematical mean which seldom occurs in actuality; 
rather the situation alternates irregularly between 
short-lived disastrous floods, years of better than 
average rainfall, and periods of protracted droughts. 
Despite the scantiness of its vegetation and the 

unreliability of its precipitation, the area formerly 
supported a surprisingly dense and varied native 
fauna. Some herbivorous animals (such as springbok, 
gemsbok, wildebeeste and zebra) travelled in vast 
herds, often numbering thousands, while others (such 
as kudu, steenbok, duiker, klipspringer and ostrich) 
lived solitarily or in small bands. There was also a 
great variety of smaller animals, particularly the 
burrowing rodents. Preying upon all of these were 
innumerable carnivores such as lions, leopards, chee- 
tahs, hyenas and jackals. Occasionally drifting into 
the area from the adjacent regions of heavier vege- 
tation, or dependent permanently upon the riparian 
vegetation of the major stream beds, were some of 

the larger herbivores-rhinoceros, elephants, giraffes. 
Today most of these animals arc to be found in the 
area although in considerably depleted numbers. 

HISTORICAL DEVELOPMENT 

From the land use point of view, three periods can be 
recognized in the historical development of South West 
Africa: the period of aboriginal occupance; the era 
of German settlement and the early days of the 
mandate; and the period of postwar expansion. 

ABORIGINAL USE 

From time immemorial all of the area under considera- 
tion was visited from time to time by wandering bands 
of Bushmen-a diminutive grey-or copper-skinned 
people with short kinky hair growing in peppercorns 
(tufts of hair surrounded by bare scalp). Still in the 
hunting and gathering stage of economic development, 
these very primitive people made almost total use-of 
the resources of their environment, from the larger 
animals down to insects, lizards, and the seeds and 
bulbs of many plants. The recurrent drought years 
with their accompanying shortages of both vegetable 
and animal food served as a check to population 
growth, resulting in a very sparse population. 
Widely scattered over the same territory, with an 

equally sparse population, were the N a m a  or Hotten- 
tot group. While these people were primitive pastora- 
lists, grazing flocks of all-purpose goats and sheep, 
they also engaged extensively in hunting and gather- 
ing. Since they were prevented from engaging in 
agriculture by the lack of available water, they 
depended upon certain tubers and bulbs (veldkos) 
for an important part of the vegetable side of their 
diet. 
Thcse groups had a very serious effect upon the 

vegetation of the area. In their search for game, the 
Bushmen started fires which ran unchecked over vast 
areas. In the particularly favoured areas, for example 
about the water holes, the goats of the Namas so 
completely destroyed everything that such areas came 
to look like miniature deserts with all of the palatable 
species being removed and only the most undesirable 
ones being able to survive. 
Neither of the above-mentioned groups are Negro. 

The Nama are short people with greyish or coppery 
skin, hair much like that of the Bushmen, faces with 
many Mongoloid characteristics and a tendency 
towards pronounced steatopygy (the storage of fat 
in the buttocks during periods of plentiful food). The 
only Negro or partly Negro group in the area was the 
1. This couforms approximately with Koeppen’s BW-BS boundary. 
2. In addition to these areally-important types there are certain specialized 

associntions of restricted extent, nuch as riparian, coastal salt marsh and 
mountain ravine nssocintions. 
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Berg Damara (often called Klip Kaffirs). These primi- 
tive, weak people either lived in remote areas of rugged 
mountains or attached themselves voluntarily as 
servants to the Hottentots and even to the Bushmen 
exchanging their independence for security and pro- 
tection. 
At the Lime of the coming of Lhe white man, the 

true Negro (Bantu) were in the process o€ invading the 
area from the north-east. Thc tall dignified black- 
skinned Herero had reached the borders of the desert 
country in the north-west and found it undesirable to 
press farther in that direction because of the increasing 
aridity. Their southward advance was stemmed by 
the Hottentots and others before reaching the area 
under consideration. However, since they were 
dependent almost totally upon their herds of cattle, 
the increasing aridity southwards would probably have 
halted their advance in any case. 
Throughout the nineteenth century, the soulhem 

part of South West Africa was repeatedly invaded by 
mixed blood groups from the Cape Colony farther to 
the south. These people, basically Hottentots with an 
admixture of Dutch and Malay (the type usually 
termed ‘ Coloured ’) came northwards as individuals, 
in family groups or even as whole tribes. Although they 
possessed a smattering of European civilization, they 
adopted the Hottentot way of life almost in toto, 
becoming sheep and goat raisers and engaging in 
hunting and gathering. The main difference was one 
of degree : a more intensive use of the land with still 
stronger alteration of the vegetation. 
Aside from occasional missionaries, traders, and 

miners, there were no white settlers in South West 
Africa until 1890, and no agriculture was practised 
in the country on any appreciable scale. 

G E R M A N  SETTLMENT 

In 1890 the German Government began a large-scale 
colonization undertaking in South West Africa, ope- 
rating largely through the medium of the Deutsche 
Kolonialgesellschaft, a company formed for the express 
purpose of exploiting all the resources of the country. 
During the succeeding 25 years this colonization went 
forward most successfully. A port was developed, 
railways constructed, towns and cities built, the native 
tribes pacified, and a large part of the country deve- 
loped into European-owned farms.l 
Agriculture in the arid zone was limited to narrow 

patches of floodplain along the lower course of the 
Swakop River, where the raising of a variety of crops 
on a very small scale was carried out under irrigation. 
By and large, however, the Germans were forced, due 
to insufficient water for irrigation or insufficient rain- 
fall for normal agriculture or even dry farming, to 
engage in pastoral activities. Extensive tracts of land 
were awarded to settlers by the government. A very 

dispersed form of settlement developed, with each 
individual German f2mily living on its own tract of 
land at a considerable distance from the nearest 
neighbour. With the exception of Swakopmund and 
Windhoek, the Territorial capital, most of the towns 
remained as very small agricultural and administrative 
service centres. 
Because native labour was so plentiful, the German 

farmers came to depend heavily upon it. Its presence 
made possible the handling of large flocks or herds 
on large tracts of land. Despite a great reduction in the 
number of natives and coloureds as a result of a brutal 
war waged against them by the Whites early in the 
present century, there has never been a real shortage 
of native labour. 
In spite of the great differences in the two environ- 

ments, the Germans built their herds out of the breeds 
of livestock with which they were already familiar 
in Europe-particularly German, Swiss and Austrian 
breeds of cattle such as Brown Swiss, Pinzgauer and 
Simmenthaler. They made no use of the native breeds 
herded by the Hereros and other local tribes. The 
European animals were surprisingly successful in the 
more moist areas for the production of milk and a 
butter and cheese export. trade soon developed. But 
they were not successful in the drier portions of the 
southern part of the Territory. There, no commercial 
raising of cattle was successfully developed, although 
a few animals were kept for a supply of milk and meat 
for the house. 
In the drier south, the early German settlers were 

dependent upon the sheep and goat at first, and 
carried on a principally subsistence economy. In 1907 
the Karakul sheep (which had been imported from 
Central Asia by a breeding station in Germany) were 
introduced into South West Africa. They proved 
to be ideally adapted to both the climatic and vegeta- 
tive situations and developed rapidly throughout the 
western and southern parts of the Territory, becoming 
eventually the mainstay of the economy of that portion 
of the country. 
After World W a r  I, a number of English farmers, 

largely from the Union of South Africa, acquired land 
in South WesL Africa, chiefly in the more moist areas. 
They introduced a number of British strains of cattle, 
notably Hereford and ShorLhorn, together with some 
R e d  Poll, Aberdeen Angus, North Devon and Sussex. 
A few farmers settled in the southern part of the 
Territory. 
Until the end of World W a r  II the country remained, 

from a land use point of view, just the same as it had 
during the German régime. The lengthy depression of 
the 1930s and a series of droughts discouraged expan- 
sion. 

1. In South West Africa the term ‘farm’ designates any type of rurnl land- 
holding. Since in South West Africa such areas are devoted to pastoral 
activities rather than to cultivation of the soil, tbe American term ‘ranch’ 
would perhaps be more approprintc. Throughoutthe remainder ofthis article, 
however, the writer vrüi conform to local usage and employ the term ‘farm’. 
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P O S T W A R  EXPANSION 

During the period since the termination of World 
W a r  II there has been a rapid immigration of Afri- 
Banersl from the Union of South Africa and this, 
combined with a natural increase of population within 
the Territory, has created a very strong demand for 
more farms. To satisfy this demand the government 
has awarded a great many new farms, opening to 
settlement territories which the Germans had consi- 
dered unsuitable for normal use. Today nearly all of 
the usable land is assigned either to native tribal use, 
to game reserves, or to white farmers, and the actual 
frontier has practically disappeared. 

PRESENT SITUATION 

The Karakul are still the most important element in 
the economy of the arid portions of the Territory. 
Because of the peculiar nature of the Karakul industry, 
the animals are ideally suited to the environment and 
are able to do well in areas where no other form of 
pastoral economy could possibly exist. Karakul are 
successfully raised in areas where the average precipi- 
tation is as low as two inches per annum, and where 
the browse is extremely sparse. 
Karakul, or Persian lamb pelts, are obtained by 

killing and skinning the newborn Karakul lamb in 
its first 24 to 36 hours of life-and herein lies the secret 
of the ability of the industry to survive under such 
adverse conditions. Because the young are slaughtered 
at birth, the postnatal drain on the ewe’s vitality 
associated with the nursing of the lamb is avoided. 
Furthermore, there is no necessity for fattening either 
the ewe or the lamb for market, for the pelts are 
normally the sole marketable commodity. Thus it is 
only necessary that the ewe manages to find enough 
forage to enable her to survive and to bear her young 
regularly. This is possible in areas where the raising 
of sheep as slaughter stock would be impossible. 
Typical Karakul farms range from 20,000 to 60,000 

acres in extent, with the largest tending to occur in 
the driest areas-in the extreme south and along the 
Namib border at the foot of the western escarpment. 
Carrying capacities range from 15 to 20 acres per 
animal, and flocks average between 1,500 and 2,000 
animals per farm. 
Since the nature of the curl (upon which the quality 

of the pelt is based) is determined by the ram rather 
than the ewe, the quality of the ram is of prime import- 
ance. The ratio of rams to ewes averages about 1: 50, 
but because the breeding takes place on the open 
range it varies considerably with the nature of the 
terrain. Under normal conditions a lamb yield of 
about 125 per cent is expected, since some ewes have 
lambs twice a year. The oestrus cycle in ewes is ini- 
tiated by the vitamin A content of the grass feed. If 

good rains occur in late spring (November) conception 
also occurs early (January), lambing takes place in 
June, and enough green feed m a y  still be present to 
induce oestrus again in part of the ewe flock. In such 
cases a second lambing season occurs in November. 
In years with late summer rains Lhere is only one 
lambing season. 
Sheep in flocks of approximately two hundred are 

herded by a native who drives them out to Lheir 
feeding areas by day and holds them in a corral at 
night. The animals are driven to water daily when the 
feed is dry, but when the grass is green they may stay 
out for several days at a time. 
During the lambing season, newborn animals are 

picked up by the herders and deposited in crude stone 
corrals from which Lhey are taken by truck daily 
to the farmstead. There they are skinned, and the 
pelts are dried on burlap stretched over frames in the 
shade. Pelts are sold either to independent buyers, 
usually with their headquarters in Windhoek, or 
through one of the co-operative enterprises which 
play an important role in the economy of the Terri- 
tory. 
The mature breeding animals are sheared two or 

three times a year and the rather coarse, fairly straight 
wool is sacked for shipping. 
In recent years the raising of beef cattle has become 

increasingly important on many of these arid zone 
Karakul farms. While this is a good plan in that it 
relieves the farmer from total dependence on the single 
luxury item of Karakul it must be noted that most of 
these areas are suited to cattle raising only in the years 
of heavier rainfall and the effects of drought years may 
be greatly increased by this shift in emphasis. 
The modern trend is largely toward the Afrikander 

-a breed developed in South Africa from catlle 
introduced from Central Africa by the Bantu tribes, 
and very well adapted to arid environments. In the 
last several years, experiments have been made with 
Brahman stock imported from the United States. 
In addition to the white owner and his family, 

between 50 and 100 non-whites of several types live 
on the typical Karakul-cattle farms. Most farmers 
employ, by contract with the South West Africa Native 
Labour Association, one or several Ovambo males who 
act as herders and general handy men. These Bantu 
tribesmen from the extreme northern part of the 
Territory volunteer to work for wages on the white 
farms for a term of 12 or 18 months, at the end of 
which they return to their homeland. They come 
alone, leaving their families in Ovamboland. 
Most of the native residents on the farms of the 

south and west are Namas and Berg Damaras-the 
original occupanis of Lhe area. The men usually work 
as herders and handy men, and a few of the women as 
herders and house servants, but for every native 
1. People of Dutch or IIuguenot ancestry, speaking the modiíied Dutch 

(/iirikaans) of South Africa. 
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actually employed on a farm, there are usually between 
six and twelve family members and other relalives 
who are dependent upon the wage earner for support. 
The farmer pays each worker a fixed wage, supple- 

mented by large rations of food and almost obligatory 
gifts of cloth and clothing. The natives construct their 
own dwellings (pondobs) of whatever material may 
come to hand. In addition, each native family is 
allowed to graze a flock of 40 to 50 goats and sheep 
on the land of the white farmer without. charge. In 
most cases the natives have been on their present farm 
for years, if not for generations. 
Today a considerable degreee of mechanization has 

taken place on most of these farms. Nearly all the 
farms are reached by roads traversable by standard 
cars, are illuminated by gasoline-operated power plants, 
have running water, gasoline pumps and windmills. 
Many are served by telephones, and most have home 
radios. The network of the Road Motor Services of the 
South African Railway System reaches many parts 
of the area and provides mail, freight and passenger 
service, and a means by which live animals, pelts and 
wool m a y  be sent to market. 
In spite of the many obvious advantages of this type 

of operation, the South West African Karakul raiser is 
faced with some very serious problems. His economy 
is based upon a very unreliable luxury market subject 
to the whims of fashion and the danger of a world- 
wide depression. 
A second, serious, deep-seated problem is that of 

overgrazing and the accompanying deterioration of 
the range. This is no new matter; as we have seen, in 
prehistoric times these areas were overgrazed by the 
vast herds of game animals and Lhe flocks of the 
natives. With the great fluctuations of the carrying 
capacity of the area owing to the variability of rain- 
fall, it becomes very difficult for any farmer to stock 
his land effectively. There is always a tendency toward 
overstocking, particularly in the good years, with 
resultant overgrazing during drought periods. In 
some of the drier parts of South West Africa the more 
palatable perennial grasses have been replaced by less 
desirable annuals, and elsewhere by very pronounced 
bush encroachment, particularly of unpalatable spe- 
cies. In the early days of settlement drought conditions 
could be overcome by ‘trekking’, that is, by the 
movement of flocks or herds from drought-stricken 
areas to other parts of the Territory in which both 
rainfall and forage were sufficient. However, today 
(as many farmers learned to their dismay in the 
drought of 1958-1959) virtually all of the Territory is 
farmed, fenced and well stocked with animals. Hence 
it becomes extremely difficult to find spare grazing 
areas and trekking has, of necessity, been much reduced. 
The wild game existing on the farms poses another 

problem. According to South West African law the 
game on a particular parcel of land is the property of 
the owner, to be disposed of as he sees fit. In some 

areas this has resulted in the virtual extermination of 
game, but in many casCs the farmer is proud to possess 
wild animals on his property, with the exception of 
the carnivorous predators. On the other hand, the 
game competes directly with his domestic herds and 
flocks for feed, and in times of drought the competition 
becomes very strong. 

ROLE OP THE ADMINISTRATION 

The Government of the Territory (always referred to 
as the ‘ South West Africa Administration’) has done 
much in the past two decades to assist the individual 
farmer in overcoming these problems. Its Agricultural 
Department is charged with the administration of the 
Soil Conservation Act, which actually aims at the 
conservation of far more Lhan soil and covers water, 
vegetation, and the general productivity of the 
country. Under its terms the administration assumes 
part of the cost of certain farm improvements: the 
fencing necessary to permit the practice of rotational 
and deferred grazing, and to aid in the elimination of 
predatory jackals; the drilling of wells; and the 
construction of tanks, windmills, and water storage 
reservoirs. In addition, the Agricultural Department 
carries on a series o€ advisory services in a most 
enlightened manner. Practical advice is given to 
farmers in matters of range improvement and d a m  
construction, eradication of undesirable plants, on 
veterinary and animal breeding problems and home 
economics. The administration also makes available 
to farmers a series of financial loans, where necessary, 
for either disasler relief or farm improvement. 
The administration at present operates three experi- 

mental farms and plans to establish at least two 
more in the near future. It operates an agricultural 
college, giving both a two-year programme and a 
series of short courses for adult farmers, and it gives 
financial assistance to local students studying science 
and agriculture in universities in the Union. 

NATIVES RESERVES 

Approximately one-fourth of South West Africa is 
allocated to Native Reserves-areas in which the 
natives live under their tribal laws and customs, and 
from which white men are excluded not only from the 
ownership of property, but even from entry without 
special permission from the authorities. Contrary to 
the popular belief, the Native Reserves are not in the 
worst areas of the country. Rather, most of the reserves 
are not even in the arid or semi-arid region, and hence 
are not discussed here. The Ovambo, Okavango, Bush- 
man, Waterberg, Aminuis, and Ovitoto Reserves are 
all in areas of considerable precipitation and good 
vegetation, and the first four are in areas where agri- 
culture is possible. Much of the best land in the Terri- 
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tory is in the Native Reserves. The only reserves which 
fall within the arid region are the Bondelswart, Bar- 
ceba and Tses Reservations in the south, and ihe 
Qtjimbingue and Okambahe Reserves adjacent to the 
Namib. Wiihin these areas the natives herd large 
flocks of sheep and goats primarily for subsistence 
use. While the reserves are not overpopulated, they 
are drastically overstocked and extreme overgraz- 
ing is the result. Inasmuch as Lhe natives are semi- 
autonomous within their own reserves, they have the 
right to accept or reject many types of measures 
offered them by the administration, and in some cases 
have summarily rejected attempts of the adminis- 
tration to extend provisions of the Soil Conservation 
Act and similar legislation to their reserve. Attempts 
at stock-improvement measures have met with only 
moderate success. 

UNOCCUPIED A R E A S  

Large tracts of South West Africa still remain unoccu- 
pied, and in the hands of the administration. A large 

portion of the Namib Deser1 is closed LO public entry 
and is lotally unutilized, inasmuch as it is being held 
as a potential future diamond prospecting area. Several 
other areas have been sel aside since the days of the 
German occupation as game reserves. In addition a 
large arca of land lying along the fringe of the Namib 
has not as yet been assigned to graziers for permanent 
occupance. It is most important that this land remain 
unoccupied inasmuch as it is capable of supporting 
herds only in occasional bettcr- than-normal rainfa11 
years. Already land has been assigned to private 
ownership much too far into the desert. edges wiih 
disastrous results both to the land and its occupants 
during droughts. The South West African Government 
must realize that the day of the frontier has passed 
and that there is no more land to be given out for per- 
manent occupancy, and that future development can 
come only from the improvement of the already- 
settled areas. It is most fortunate that the adminis- 
tration has, for the most part, been forward-looking, 
and has been ‘investing’ funds derived from diverse 
tax sources in extensive agricultural-pastora1 improve- 
ments. 
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THE P R O B L E M  OF ARID AUSTRALIA 

SIR SAMUEL WADHAM 
Professor Emeritus of Agriculture, University of Me1 bourne 

PRELIMINARY NOTE LAND USE BEFORE 1788 

In this account of the factors which have been Before the arrival of the first British colonizing fleet 
important in the evolution of systems of land use in 1788, the aboriginal inhabitants had had no 
in Australia, no attempt has been made to define continuing contact with other centres of human 
the boundaries of arid and semi-arid zones with development from which they might have acquired 
any precision. Numerous :contributors to other arid bad habits in regard to the use of land. At that time 
zone publications have discussed the use of various they are said to have numbered about 300,000, most 
physical constants and formulae for this purpose, of w h o m  lived along the northern, eastern and south- 
e.g., Griffiths Davies [lo].' The pioneer work on Aus- eastern coasts which are fairly well watered. Inland 
tralian climatology by Griffith Taylor [35] is still in the drier areas the population was sparse. 
significant. They lived mostly on fish, which they speared, 
Prescott [ZS] showed the correspondence between oysters which they chipped off the rocks in estuaries, 

the actual boundaries of desert formations in Australia such marsupials and birds as they could knock down 
and their theoretical limits as estimated by various with boomerang or spear. They also ate lizards and 
physical methods. The m a p  (Fig. 1) shows Prescott's snakes, wild honey, ants and the grubs of many 
desert area and, at the moister extreme, also indicates insects, notably the large ' Witchetty Grub ' (Zeuzera 
the approximate boundaries of the area in which, eucalypti). They had digging sticks with which they 
on the average, the arid period of the year is not extracted the roots of certain plants, e.g., yams and 
more than three months [9]. Between this boundary bulrushes, and they collected the seeds of various 
line and the desert are the arid and sub-arid regions. grasses, the sporocarps of Pilularia and the sclerotial 
N o  attempt will be made to separate or subdivide masses of certain fungi. These vegetable products were 
them. They pass uninterruptedly into each other, ground up under large stones and eaten as a paste. 
for there is no major geographical feature to cause They used fire for roasting, but had not acquired 
any abrupt change in the climate; such ranges as the art of boiling water. They made no attempt 
occur are not large enough to do more than cause at cultivating plants, and they had no domestic 
a small disturbance in the isohyets and the isotherms. animal except possibly the dog. 
This intermediate region between the desert and The families or tribes which inhabited the drier 

the subhumid zones has been the chief scene in which areas each had its own range of hunting country, 
the various developments to be described have taken and a considerable folklore about the probability 
place. In it, and especially in the parts of it near of food animals being present in certain regions. 
the coast, techniques have been evolved that have But they were essentially nomadic because there were 
gradually led to more efficient use of many parts relatively few opportunities of securing food in any 
of the arid zone, and some that have affected the one part of their range. The only shelters they con- 
outlook of man toward the desert. This centripetal structed consisted of light mia-mias of cut or broken 
evolution of methods is inevitable, because the risks branches sufficient to keep off the heaviest rain. 
of drought and discouragement increase with the Their attempts to ensure a supply of water did not 
aridity; naturally therefore, men have tried new extend beyond enlarging a water hole. There would 
ideas with greater courage and better chances of 
success where the climate is less harsh. 1. The figures in brnckots refer to the hibliogrnphy nt the end of the ohnptcr. 
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FIG. 1. Showing the boundaries of the States, the approximate boundaries of ‘the region of desert formations’ (Prescott) and 
the zone of the subhumid areas (not more than 3 months of aridity annually). 

have been no point in making any more permanent 
construction, because their continued stay in any 
district depended largely on their being able to find 
game, and this would not be increased by the mere 
enlargement of a water hole. 
In some districts bush fires doubtless occurred 

as a result of lightning which sometimes accompanies 
dry thunderstorms. The results of these were probably 
sufficiently damaging to instil into the tribal tradition 
a wholescome regard for fire danger-especially 
in a community where the authority of the old men 
was paramount. 

The aborigines therefore did little or no harm to 
their country, eiLher by destroying the native vege- 
tation, diverting the channels of the water courses, 
or tearing up its soils; nor is it reasonable to suggest 
that they were responsible for major conflagrations 
which had some influence on the vegetation. Such 

serious degradation of the soils and plant cover as 
m a y  have occurred are due to the natural processes 
of denudation and soil development, or to man’s 
activities since 1788, or both. 
In this respect Australia differs from the other 

large land masses of the world, in the arid parts of 
which man has apparently been the disturbing factor, 
at least since prehistoric times when some of his 
wandering tribes began to occupy in sedentary fashion 
these more difficult regions. 

THE PHASE OF PRIMARY OCCUPATION 

E A R L Y  DEVELOPMENTS 

The permanent occupation of land in Australia by 
Europeans began in 1788, when a convoy of naval 
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vessels and convict ships arrived near Sydney. The 
primary objective of the new settlement was the 
construction of a place for convicts from Britain. 
It was expected that they would be able to grow 
their own €ood in duc course, but trade was not 
a primary objective. 
The struggles of this small group to maintain 

themselves on the poor soils of the coaslal strip 
with its high but fickle rainfall are not within the 
compass of this book. The general attitude of the 
governorfi of the colony was against exploration over 
the steep, forested ranges which separate the coastal 
strip north and south of Sydney from the then un- 
known hinterland. Actually, the first known crossing 
was not made until 1813. The widespread invasion 
of the drier interior began about 1820, after the 
potentiality of the country for producing fine wool 
had been demonstrated on the coastal strip. 

By this time the high prices obtained in Britain 
for Australian wool stimulated great interest in the 
possibility of using the country as an area for running 
sheep [23]. Men, and sometimes whole families, 
migrated from Britain, where an economic depression 
was grinding the farmers to despair, with the idea 
of becoming landowner-pastoralists in the new 
country [?l. By 1820 only half the population were 
convicts. 
A general wave of exploration towards the interior 

from the Sydney settlement began, and Tasmania, 
which had been occupied for strategic reasons in 
1803, shared in the expansion of the sheep industry. 
Landings on the mainland were made from Tasmania 
at Portland (1834), and Melbourne (1835); a new 
colony was started by an expedition from Britain 
at Adelaide (1836-1837). To the north, Moreton Bay, 
which later became Brisbane, was started as a penal 
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FIG. 2. The approximate dates of &st settlement in many districts. 

341 



History of land use in arid regions 

soaks and other spots where water could be obtained 
by digging. Gradually the occupied areas were extended 

, 15 
lo 
5 -  

considerable quantities of semi-saline water which 
is distributed through adjacent grazing areas by bore 
drains ploughed out along the contours. Boring for 
artesian water revealed ‘sub-artesian’ (i.e., low 
pressure) supplies in some localities ; these require 
the installation of pumps, which are usually driven 
by the familiar windmills. The effect of these supplies 
of water from the ground was to enable more stock 
to be carried and to increase the intensity of the 
stocking; this sometimes led to pasture deterioration, 
especially round the troughs. 
The second new development was the arrival of 

the, rabbit as a grazing competitor with the stock 
of the pastoralists. They were originally introduced 
as food animals, but after some years of multiplication 
they became completely out of hand in the 1880s. 
The damage which they did to grazing plants of all 
kinds, together with droughts and low prices for 
wool, caused the economic depression of 1891 to 1903. 

- 

It/ TASMANIA 

This primary occupation of the country was natu- 
rally a gradual process. Figure 2 gives the approximate 
dates of the first settlement for many districts. T w o  
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towards the end of the nineteenth century: the 
increased use of artesian bores and the onset of the 
rabbits. 
The widespread development of water supplies 

from the artesian basins began about 1880, and 10 
enabled much greater use to be made of many areas 
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The graphs (Fig. 3) show the trends in the sheep 
populations in each of the States and indicate the 
end of the expansion of primary exploitation. In each 
case there is a general Lrend which reaches a peak, 
after which there is a decline in numbers, and a period 
of oscillation followed sooner or later by a iûrther 
increase, which can usually be associated with im- 
proved methods of farming and grazing in the sub- 
arid zone. Thus, in Tasmania the sound sheep country 
was soon occupied, and the population became more 
or less constant after 1859. In New South Wales, 
Queensland, South Australia and Victoria, the peaks 
occurred between 1891 and 1893, when a series of 
circumstances described later undermined the industry. 
This was the end of primary exploitation in these 
States, The second phase of expansion began at 
varying dates : Tasmania 1924, Victoria 1926, South 
Australia 1933, New South Wales and Queensland 
1956. In Western Australia development of the sheep 
industry progressed fairly steadily until 1935, when 
a long drought set the pastoralists back and further 
progress was not made until 1951. 
Apart from these changes in the general trends, 

the graphs show considerable fluctuations which were 
usually caused by droughts, although economic 
instability at times caused great hardship to those 
who had bought runs and their sheep at high prices, 
and then found that the price of wool declined owing 
to temporary oversupply of the markets in Europe. 
But in general, European populations were increasing 
and required more clothes, while wars occasionally 
led to a sharp rise in the demand and caused a tem- 
porary boom in trade. 

LEGAL A N D  ADMINISTRATIVE P R O B L E M S  
OF THE EARLY OCCUPATION 

The occupation of the country in this sparse manner 
was largely the result of the natural conditions, but 
the policy of the administration had a significant 
influence. The first occupation of ihe land during 
the great pastoral advances of 1830-1860 was only 
legal under the same conditions as squatting on 
common land in Britain. The sheep and cattle men 
seldom owned the runs they used. They ‘occupied’ 
them. Incessant wrangles went on between the 
pastoralists and the various Governors who were 
charged with the task of carrying out the policy 
of the authority in London. U p  till 184~2 that policy 
was framed and frequently amended by successive 
Colonial Secretaries of State. After that date Parlia- 
ment took control of the matter. This policy itself 
changed markedly as the setllcment evolved from 
a convict dump, through a stage of self-ctrpporting 
farming to a large and vigorous community. 
Foremost among the reasons for the later policy 

of the administration in this matter of landownership, 

was the determination to maintain the basic principle 
that the Crown (i.e., the government in London) 
actually owned the land from the time when Governor 
Phillip formally proclaimed the occupation of the 
continent in 1788. This m a y  seem a somewhat slight 
concept, but behind it were economic considerations. 
The administration and management of the colony 
entailed considerable expense, and the authorities 
well knew that as development proceeded, much 
larger expenditures would be necessary in maintaining 
the administration and in providing buildings and 
constructing roads and bridges, unlil such time as 
authorities could be set up with power to raise money 
from local sources. As far as possible the Colony 
should provide this money for basic expenditure, 
and the sale of ‘Crown Land’ was one method of 
acquiring it. 
A second reason for refusing to recognize the 

squatters, claim to own their land lay in the social 
prestige which generally went with the ownership 
of broad acres in Britain, and presumably, the same 
position could easily develop in Australia, and in fact, 
for a time this was an official objective. But the social 
structure in Britain at that time was a ‘ three-decker’ 
system of landowners, tenant-farmers and labourers, 
and it did not follow that a similar system would 
work advantageously in a new country which lacked 
tradition. After the arrival of large populations 
during the gold rushes of the 1850s, many of the new 
labourers saw no reason why they also should not 
have some land of their own. At any time, if the 
administration WBS weak, a body of large landowners 
could easily become defiant of authority, as indeed 
had happened in 1807, when officer-landowners under 
Macarthur had virtually deposed Bligh, the Governor 
at that time. So the administration set itself against 
giving ownership to the squatters, against the estab- 
lishment of large estates and in favour of smaller 
settler-owned farms; but this last objective was 
difficult because a man needed a much larger area 
of grazing land to provide a living in Australia than 
in Britain and, moreover, the conformation of the 
ground and the fertility of the soils in this new 
country were very varied. 
Governors had the right to make grants of land to 

retired officers, and also to time-expired convicts. The 
authorities in London also granted pre-emptive rights 
of selection to individuals in Britain who intended 
to settle. But the main body of men responsible 
for the great phase of pastoral expansion after 1830 
did not wait for title deeds; they swept across the 
country and squatted on the best tract they could 
find which was so far unoccupied. Naturally, there 
were many disputes in a country without roads 
or any fixed points of survey. 
But if the land was to be used effectively, fences, 

water facilities and buildings were necessary. Such 
fixed improvements required labour and money, 
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and it would be foolish to construct them without 
some security of tenure of the holding. Naturally, 
therefore, the squatters soon pressed their claims 
to ownership of the land which they occupied, and 
the administration was quite unwilling to agree. 
The argument was intense and extended beyond 
the bounds of Australia. Materially the squatters 
were in a weak position. The only channels of trade 
through which their product, wool, and their supplies 
of necessities had to pass, were the centres of the 
administration. F e w  parts of the counlry were capable 
of providing a reasonable existence without the use 
of imported materials and equipment. Finally, law 
and order are a first essential to all forms of farming, 
and to sheep grazing in particular, and the adminis- 
tration alone could organize a police force, give it 
the necessary authority, and co-ordinate its activities. 

The government secured its position in regard 
to the Crown’s right to the land, the system of grants 
was gradually dropped, and payment for the alienation 
of land became normal after 1824. The governmenL 
also maintained its principle of the restriction of 
the size of the holding to which a m a n  had any right 
by virtue of occupation; but in practice it gave way 
to some extent. Numerous methods were tried to 
solve the problem, because, from 1820 at least, the 
governors realized that the whole wealth and progress 
of the Colony depended on the export income, of 
which the squatters provided by far the most impor- 
tant part. The first step was the temporary legal 
recognition of the squatters’ position by Occupation 
Licences based on the number of stock carried. Then, 
in 1844, came two measures which aroused violent 
controversy. The first was the Occupation Regulations, 
under which the area of land that could be occupied 
under a licence was limited to 20 square miles, or 
an area sufììcient to carry 4,000 sheep-whichever 
was the smaller. The second was the Purchase Regu- 
lations, which gave the squatter security of tenure 
for five years under his lease if he bought 320 acres 
of land, and at the end of the period the right to a 
further extension if he made a second purchase. 
This raised enormous controversy because, although 
the squatters were ready to buy the first quantum, 
which would contain the chief improvements such as 
the homestead with its watering facilities, the yards 
and any other buildings, they were not so interested 
in making further purchases of land which might 
not be so essential or so valuable. 
The argument about the Purchase Regulations 

was intense, and there is little point in considering 
it in detail here, especially as soon after 1850 the 
States of Queensland and Victoria were separated 
from the jurisdiction of N e w  South Wales, and in 
each State development took a somewhat different 
course. 
In N e w  South Wales modifications of the Purchase 

Regulations were introduced which enabled the 

squatters to consolidaLe Lheir position for Lhe time 
being, and then in 1861 an BCL was passed which 
allowed ‘free selection’ of from 40 LO 320 acres by 
anyone who was prepared to live on the block for 
a year and pay for it in three years. The limitation 
of the arca one m a n  could select was overcome by 
the squatters who employed persons as dummies, 
and who arranged for them to select the strategic 
patches of their holdings and then, as soon as the 
required period was over, transfer the land legally 
to the squatter. In this way the other parts of the 
property were often rendered unmanageable for 
farming. In Victoria the same sequence of events 
occurred, and under Acts of the new State Parliament 
purchase was permitted. In the better rainfall regions 
the best arcas were rapidly alienated although areas 
of dense forest or poor soil remained unsettled until 
dairying made the clearing of the former worthwhile 
after 1890, and until scientific knowledge showed 
the way to use the latter. 
In the more arid regions of N e w  South Wales 

grazing lease-holds for 21 years or less remained 
the customary tenure. A t  the end of a lease the govern- 
ment had the right to resume half the property for 
subdivision, the previous lessee being compensated 
for those improvements on the resumed part which 
were valuable to the incoming ienant in the operation 
of the property on a grazing basis. 
In South Australia the original settlement of 1836 

was planned in a more orderly fashion. The squatters 
never dominated the development. The Wakefield 
Scheme, under which migrant-labourers from Britain 
worked on farms for wages until they had accumulated 
enough money to buy land and start on their own, 
was theoretically simple. The settlers’ payments 
for their land were used to recoup the government 
for the expense of bringing out more migrants. 
In the end, however, the British Government had 
to face a deficit of dil,OOO,OOO because the settlers 
could not earn enough to buy their land. The govern- 
ment early determined to give long-term opportunities 
to the farmers only in arcas which were unsuitable 
for agriculture. Goyder, the surveyor, in 1865 put 
down a line on the m a p  separating arable and pastoral 
land using the natural vegetation as an indicator. 
This line has not always been respecled by legislators, 
but subsequent events have shown its value as a 
rough method. 
In Western Australia the situation was very 

different. Numerous coastal selLlements failed to 
find much country which was useful in its virgin 
state for grazing or farming. In general, success was 
only achieved on the market garden scale by the use 
of far larger quantities of farmyard manure than 
could be obtained for broad-acre farming. Only at 
the end of the century when the need for super- 
phosphate became more generally appreciated, could 
much progress be made. As already explained, the 
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graziers’ prospects were rather brighter when the 
Murchison District was opened. The nutritional 
quality of the herbage and shrubs was better; this 
area, however, is well inside the arid zone and the 
carrying capacity only one sheep to 30-50 acres 
(12-20 hectares). The districls farther north-Lhe 
Ashburton, D e  Grey and Gascoyne-are no better. 
Under these circumstances, which forced themselves 
on the notice of the adminisiration through the 
unhappy experiences of many would-be graziers, 
a generous attitude developed towards leaseholders 
and the acreages they were allotted. 
In Queensland the pastoral surge flowed over 

areas which were merely a northern extension of 
those of N e w  South Wales. In the southern sections 
some rain often falls in the winter, but over the State 
as a whole most of the rain falls in the summer. 
At first water a great problem, and although some 
belts of good pasturage occur others are less fertile. 
The higher temperatures made living conditions 
more arduous, and a large proportion of the land 
remained as grazing or pastoral leaseholds which 
were run by managers for absentee owners living 
in Sydney, Melbourne or Britain. The result was 
a long continued conffict between the State Parliament 
and the grazing interests. Revolutionary ideas of 
land ownership were common, and the political 
policy was to reduce the size of each grazing property 
as opportunity offered, either at the end of the 
term of a lease or for other alleged reasons. At times 
this conffict was strong enough to threaten the welfare 
of graziers, until sanity returned with the recognition 
that they provided a large part of the export and of 
the taxable income of the State. 
The Northern TerriLory proved by far the most 

difficult area to develop. The earliest attempts were 
in 1824-1829 at Melville Island and Port Essington, 
where for years small military outposts were main- 
tained. Ambitious schemes were made for the cultiva- 
tion of tropical crops by settlers who were to come 
from various places. The schemes remained as schemes, 
because there was no evidence that the crops would 
grow. Pastoral occupation took place on the Queens- 
land border in the 1860s but a scheme for settlement 
by a land company failed in 1866. At one stage 
an approach was made to the Governmeni of Japan 
to send colonists. The basic €act is that none of 
these schemes, except pastoral occupation in certain 
localities was founded on an accurate knowledge 
of the soils or an efficient assessmenl of the climate 
and its irregularities. 
The transfer of control of this territory from 

South Australia to the Commonwealth in 1908 
eventually resulted in somewhat greater security 
of tenure for the grazing leaseholders, but apart 
from the cultivation of a few acres of peanuts on 
special soils, little progress in agriculture was made. 
In 1955 American capital came in to develop a large 

irrigation scheme near Darwin, but its sponsors 
soon found Lhat the process was not as simple as 
they originally thought. 

These few points from the administrative and pol- 
itical history of the various StaLes are only of impor- 
tance in this present chapter in so far as they show 
the factors responsible for the present position. 
Weaker administrations might have accepted prin- 
ciples which would havc undermined all control 
of land use. Under such circumstances the pastoral 
industries would have gained complete dominance. 
On the other hand, it is undoubted that the policy 
of subdivision was at times carried too far; at times 
considerable financial injustice was done to individuals 
in regard to compensation for improvements when 
properties were resumed by the Crown for subdivision. 

From 1860 onwards the various States were trying 
to deal with the problem of settling would-he farmers, 
as opposed LO graziers, on the land. This matter 
became urgent after the gold rushes had brought 
a large population from overseas, many of whom, 
when they tired of searching for elusive gold, wanted 
to turn to farming as a way of life. In South Australia 
the idea of ‘close settlement’ for agriculture was 
preseni from the stari. In Victoria, where the area 
of reasonably well-watered land suitable for grazing 
was greater, the problem was more acute because 
the graziers had early occupied so much o€ this area. 
Where they had not done so land was made available 
under various Acts during the 1860s, each of which 
successively made it easier for the settler, ending up 
with the promise of a free title to 600 acres if payments 
of one shilling per acre were made for the following 
20 years. Even these easy terms were found to be 
unavailing, because the chief commodity the land 
would produce was wool, and the area a m a n  could 
develop and farm would not at that stage carry 
enough sheep to give him a reasonable livelihood 
(300 sheep cutting 4 pounds of wool each at one 
shilling a pound would yield E60 gross income); 
there was no local market for meat except near the 
cities. 
Rather unwillingly, the Land Administrations in 

all the States were gradually forced to realize that 
closer settlement on areas which were too small 
usually meant either no settlement at all or an im- 
poverished countryside, or the gradual re-acquisition 
of the best of the subdivided blocks by the adjacent 
pastoralists. However, this did not at once deter 
parliaments from trying all sorts of schemes for 
putting people on the land-homes tead blocks for 
men who would earn most of their living by other 
means, special schemes for forestry workers etc.- 
but very few met with any success. Some of this 
experimentation originated from the writings of 
European theorists, who were struck by the sad 
state of social development in the cities as a result 
of the industrial revolution; others had ideas of the 
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idyllic existence which was supposed to have been 
characteristic of village life-and especially in England 
before the Acts of Enclosure changed the basic 
structure of agriculture. 
The principle which ultimately evolved and was 

nearest to solving the problem was Lhat of the ‘home 
maintenance area’. Under it, subdivision should not 
proceed beyond farms of a size sufficient to give 
the landowner a return roughly comparable with 
the basic wage of the cities, provided that he farmed 
the land effectively. This concept was laid down 
by a Royal Commission after World War I as a 
basis for the readjustment of the size of the farms 
of soldier settlers. Naturally, it can only be logical 
during periods of stable pric r both the requisites 
and the products of the fa n Victoria in 1928, 
an area sufficient to maintain 1,000 wool sheep 
was regarded as sufficient in the districts of good 
rainfall. This was certainly too small four years 
later, when the index of wool price had fallen from 
126 to 64, while in 1950-1951, when the same index 
had risen to 1,098 it meant affluence. Five hundred 
kilometres farther north in New South Wales, the 
proper number of sheep on a home maintenance 
grazing property in the arid areas was set at 3,000 
in the 1930s. This frequently required holdings of 
over 50,000 acres (20,000 hectares). Mere acreage 
figures mean little in describing the size of efficient 
farm units in the arid country, and even the figures 
for stocking capacity must vary with the location 
and special features of the district. The same authority 
which fixed 3,000 as the correct number of sheep 
for that district in the south-west of New South 
Wales, also fixed 1,500 in another grazing area where 
3,000 acres (1,200 hectares) sufficed for a home 
maintenance area holding. 
The decades of struggle between the administrations 

and those occupying or settling on the land have 
considerable interest. The success of those working 
on the land in getting a recognition of the need for 
reasonable acreages as a basis of land settlement 
has been remarkable. Possibly the fact that at most 
periods of Australian development-the ‘ depressions ’ 
of the 1890s and the 1930s excepted-it has been 
possible to find work in the cities, has meant that 
families have abandoned their blocks if unsuccessful. 
Possibly the somewhat stark conditions on farms, 
the periodic severe droughts of the unlovely townships 
prevented the settler in many districts from developing 
that attachment to his land which is characteristic 
of small-scale farmers in some other countries. Possibly 
also, the independent attitude towards life inherent 
in many migrants to Australia may have been signi- 
ficant. Some were gold-seekers, some left their country 
for their country’s good, others were adventure- 
some spirits lured by stories of the freedom of the 
bush that were characteristic of many early writers 
about Australia. Whatever the reason, the problem 

of farms which are uneconomic because of their small 
size is not common in the arid and semi-arid zones 
of Australia, although it also occurs in some of the 
districts of better rainfall. 

L A B O U R  A N D  LIVING CONDITIONS (1788-1900) 

During this period of primary occupation the relations 
between wage earners and employers on the farms 
gradually changed. During the early expansion, 
1825-1850, the objective of every free man was the 
independent ownership of a flock, and the occupancy 
of a tract of land. Few wanted to work for wages 
when there was a chance of independence. The chief 
supply of labour was derived from the time-expired 
men of the convict population, or from those with 
tickets-of-leave, although a few free labourers arrived 
in the country, often in the service of migrant family 
groups from England. Practically every pastoralist 
needed workers; the runs were at first unfenced 
and the sheep had to be shepherded; buildings, 
sheep washes, yards, bridges and dams had to be 
constructed, and as occupancy gave way to settlement 
with security for capital investment, the need in- 
creased. During the 1840s attempts were made to 
recruit labour from China and the islands of the 
Pacific, but those few who came had no knowledge 
of sheep and were not prepared for the isolation of 
the shepherd’s life in his bark hut in some remote 
part of the run. 
Shearing at this stage was commonly carried out 

by the owners, with assistance from neighbour8 
and anyone else who could be engaged. Transport 
to the ports involved long journey 
with wagons drawn by bullocks, 
dependable horses; later camel 
for use in the arid regions and cartage contractors 
soon began to work from the coastal towns. Life 
was not easy, and crises were continuous. 
The gold discoveries of the 1850s made matters 

worse, because many employees left their jobs and 
tried their luck at the diggings. However, gold at- 
tracted many migrants from overseas, and when 
their hopes of rapid wealth had proved groundless 
some were prepared to work on the land for wages. 
This period-1855 to 1890-saw steady developments 
in ringbarking trees and felling some of them, slashing 
the regrowth and the scrub, making fences from the 
cut trees whilst the construction of surface dams 
improved the facilities for watering. Houses and other 
buildings were improved. 
Sheep scab was frequent and caused many losses, 

while blowfly attacks occurred in many seasons. 
For these maladies the use of dips became common, 
but the mixtures used were often based on hearsay 
of experience rather than on experimental demon- 
stration. 
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The practice of shearing by itinerant shearers 
became general, but neither side showed much 
consideration for the other in the arguments which 
frequently arose. The shearers’ quarters were often 
extremely rough, and the wages relalively low when 
the arduous nature of the work and the need to 
travel from shed to shed for months on end are con- 
sidered. Conversely, the general trend of the price 
of wool was downwards, and the shearers themselves 
were often dissolute and undependahle. The labour 
difficulties were worst in Queensland, where many 
stations were managed for absentee owners and 
conditions were more arduous than in some other 
parts. A general pastoral strike occurred in 1889, 
at a time when the pastoralists were becoming des- 
perate owing to bad seasons and low prices. Although 
the shearers could scarcely claim to have ‘won’ 
the strike, its occurrence emphasized the need for 
regulation of the industry in regard to both wages 
and conditions. 

THE SITUATION IN TEE 1890s 

This decade is a convenient halting point in any 
survey of development of rural Australia, and espe- 
cially of the more arid regions. Up to that time, 
the grazing industries were by far the most important 
factors in the use of land; they were now to face 
a major setback. They had made remarkable progress, 
despite numerous difficulties. The continent had been 
explored. In most areas, except the driest deserts, 
attempts had been made to use the land, and the 
barriers of the Western and Simpson’s Deserts, and 
of the central semi-desert were recognized. The 
Western Desert had been crossed by stock in some 
seasons. Parts of the Kimberleys in the far north- 
west had been occupied, but many other attempts 
at using various regions of the country had not been 
so successful. The Victorians, who in 1864 moved 
sheep by boat to Camden Haven near Broome, 
with the idea of settling a large empty tract, met 
with disaster; their sheep died because for long periods 
the herbage was too low in nutritive qualities to 
maintain livestock. Many unsuccessful attempts were 
made to use land near Darwin. But these are only 
isolated instances of many cases of settlement failure 
due to the poor quality of various tracts of country, 
especially in coastal areas where the rainfall is 
moderately high. 
During the general process of development in the 

occupied areas, individuals failed in hundreds owing 
to various catastrophes, among which droughts were 
the most frequent; others had bought properties 
at prices which were too high; others failed financially 
because the price they received for their wool fell 
faster than the prices they had to pay for essentiale. 
At times governments took action without under- 

standing its effects. Thus in 1859, aí‘ter a run of good 
seasons the leases in the arid grazing areas of South 
Australia were reappraised. Despite protests, the 
‘ anti-squatter ’ government raised the rents, public 
opinion being violently against the graziers. As a 
result, in four years 15,156 square miles (4 million 
hectares) of runs were abandoned. This was followed 
by a drought, and in a year 235,000 out of 270,000 
sheep died [29, p. 2541. The life of the pastoralist 
was invariably arduous, and not always one of profit. 
However, all these setbacks were trivial when 

compared with the calastrophe which began in 1891; 
during it the whole existence of the sheep industry 
was threatened and, consequently, the economic 
structure of Australia itself began to disintegrate. 
Costs had been rising, and many pastoralists had 
endeavoured to meet the fall in their incomes by 
increasing the number of sheep and cattle they 
carried. The recorded figure for the sheep population 
in 1891 is 106,421,068. In addition rabbits, originally 
liberated as food animals, increased enormously 
in numbers and began to exert a serious effect on 
the pasturage of grazing shrubs. Most people saw 
that they were doing damage to the herbage, but 
the importance of their selectivity in picking out 
the youngest leaves and shooLs of plants was scarcely 
realized at that time. By the late 1880s they had 
spread in great numbers to the sparse grazing lands 
of the south-eastern arid and semi-arid regions. 
This dual increase in grazing pressure-sheep plus 

rabbits-which had built up gradually, became of 
great significance in 1891, 1892 and 1893-all years 
of subnormal rainfall in the eastern half of the conti- 
nent. T o  aggravate the position, the Australian 
average of prices for greasy wool fell to sixpence 
per pound in 1892 and 1895. Wool was Australia’s 
chief export, SO this alone would have meant financial 
stringency for the whole community. In addition a 
world-wide financial crisis developed, and naturally 
it affected countries such as Australia whose economic 
position was weak. Most of the banks in Australia 
suspended payment; many business houses became 
insolvent; credit was scarce and no money was 
available for restocking runs depleted by the drought, 
or for re-opening those which had been abandoned. 
These difficulties and the low prices affected the 
confidence of the wool industry, which was again 
shaken by a further run of droughty seasons in 

W h e n  recovery began in 1903 the sheep population 
was recorded as 53,675,210-about half the figure 
it had reached twelve years earlier (see Fig. 3). 
The losses were greatest in Lhe more arid areas: 
Queensland flocks declined by 60 per cent; those 
of N e w  South Wales and South Australia by 53 per 
cent and 35 per cent respectively. This was the end 
of the phase of simple pastoral exploitation. As 
Fig. 3 shows, recovery was gradual and subject to 

1901-1902. 
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other droughts, e.g., 1914 and 1943-19441, but the 
arid areas have never carried as many sheep as 
in 1891. The concentration of sheep numbers has 
moved further Loward the semi-arid and even the 
high rainfall country. The exception to this statement 
is Western Australia, which was relatively unaffected 
by the calamity which struck the eastern Slates 
in 1891. In Lhat State a parallel collapse, again 
owing to drought, occurred in 1935-1937, and again 
subsequent events have shown a transfer of sheep 
population from the arid to the semi-arid regions. 
Whilst the sheepmen were suffering these reverses 

in the 1890s, developments were taking place in 
four other directions which were important in the 
future of land use. 

First was the steady development of wheat growing 
on the outer margin of the southern semi-arid zone. 
Cropping had been carried on for local requirements 
in small areas throughout the subhumid pastoral 
districts, although its greatest development was to 
the north of Adelaide, on flattish land not far from 
the seaboard, because from there the grain could 
be lifted by wagons to the ports and shipped cheaply 
to Melbourne, Sydney and Perth. With the opening 
of export markets, and with the construction of 
railways across the ranges to the plains beyond, 
large potential wheat districts in the semi-arid 
regions were opened. The possibility of attaining 
personal independence was attractive, and men were 
taking up land for development as wheat farms 
with avidity as soon as the railways had advanced 
near enough to make it reasonable. All through 
the 1870s and 1880s new districts were being opened. 
The acreage under wheat increased from 3.2 million 
(1.3 million hectares) in 1890-1891 to 6.2 million 
(2.5 million hectares) in 1904-1905. 
Secondly, although experiments on refrigeration 

and especially on its installation in the holds of 
ships had been going on for years, it was not until 
the 1880s that they met with success, and it became 
practicable to export foods in the cold-stored or 
frozen condition. This opened new avenues for the 
export of farm products from Australia. Meat was 
one such commodity. The number of cattle increased 
markedly, especially in Queensland, where some 
localities were not satisfactory for sheep. The possi- 
bility of exporting mutton and lamb also led some 
sheep farmers to change their breeding policy, while 
others decided to transfer to meat breeds. These 
various changes produced one result of significance 
to the flockmasters in the sub-arid zone, in that 
they afforded them an increased opportunity to sell 
their surplus ewes to farmers in better rainfall country 
who would use them as mothers for fat lambs. 

Refrigeration also gave the dairy industry a. chance 
to develop on an export basis; although its expansion 
mainly took place in wetter districts, its early successes 
led Land Departments in some States to settle some 

sub-arid regions for dairying. This regrettable policy 
was adopted as a result of political pressures stimu- 
lated by popular clamour for more farms. At that 
stage in the development of the industry the average 
clairy farm required less land and less capital than 
other forms of land settlement, and so some areas 
which would have been more effective for fattening 
cattle were subdivided into dairy farms. 
This period of the 1890’s also saw the start of 

many primitive attempts at irrigation. The fallacy 
that water alone will transform a dry-land pasture 
into an efficient one for irrigation was widespread. 
In all these early attempts, even where lucerne was 
introduced, the basic failure was the inability to 
understanú that most of the soils were poor and 
lacked the amount of nutrients essential for luxuriant 
growth of high quality plants. 
These four ways were the beginning of the diversi- 

fication and intensification of land use which character- 
ized the next half-century. Thanks to these changes 
the economic balance of Australian rural production 
was improved. Further, in the course of those changes 
experience was gained which, with adaptation, has 
been applicable to parts of the arid zone. 

PROGRESS OF INTENSIFICATION 
(1900-1 958)’ 

IN T H E  M O R E  ARID AREAS 
(DESERT A N D  ‘ARID’) 

As already noted, the sheep industry in these regions 
reached a peak in the 1890s and has never re-attained 
the flock population reached in 1891. The present 
distribution of sheep (Fig. 4) shows that in the zone 
of Desert Formations the total number carried is 
only about 7.5 million, which is 5 per cent of Australia’s 
total, and of these nearly half are in Queensland. 
The map also shows that south of the Tropic the 
sheep concentration generally increases markedly 
as one moves across the arid zone towards the semi- 
arid, and is highest in the subhumid areas where 
the rainfall permits active plant growth for nine 
or more months in the year-although the coastal 
zones of high rainfall carry few sheep owing to worms 
and foot-rot, and also because this land, where 
cleared, has been mainly settled with dairy farms. 
In the hotter areas of the north the average tempe- 
ratures are higher and sheep do not breed effectively. 

Cattle are more mobile than sheep, and it is possible 
to move them about from one district to another 
in accordance with the feed position. The cattle 
areas suffered less in the drought of the nineties, 
and moreover cattlemen were then extremely hopeful 

1. For deinils sec [38]. 
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FIG. 4. Present distribution of sheep in Australia. 

of their ability to export, thanks to refrigeration. 
The drought of 1901-1905 was more serious, but in 
these districts optimism was a marked feature at 
the end of World War I. Disillusionment soon came 
when the far greater capacity of the Argentine to 
produce beef cattle of ‘ chiller quality’ was recognized. 
The industry has, however, made progress in many 
ways. 
In the desert areas the vegetation varies widely 

according to Lhe soil type. The rainfall is too low 
and too uncertain in its incidence for cropping to 
be a reasonable risk. The transition from desert 
to arid areas is gradual; the shrubs and trees become 
more frequent, but soil type is important. Over all 
this country any heavy rainstorm brings up a great 
wealth of short-lived, annual plants which are known 
to the grazier as ‘herbage’. They belong to many 
species, and provide the livestock with abundant 
food while they last. The duration of these surges 
of growth varies. One inch of rain during the cooler 
season of the year will produce more growth than 

two inches in the hotter months. The animals live 
on the herbage whilst it is green, and also when 
it has dried off. Even if the storm is insufficient to 
let it grow to maturity, the dried up leaves are usually 
high in nutritive quality. 
The mainstay of the grazing industries is, however, 

the perennial plants of which there are various 
types. Among the grasses in some districts spinifex 
and tussocks are dominant. These are harsh spiky 
plants when mature, but they produce green leaves 
after rain. Some of the species afford better grazing 
than others, and attempts are being made to select 
these. In many districts it is customary to burn 
the old tussocks. The Mitchell grasses (Ashe6Za spp) 
are characteristic of heavier soils. They also have 
a tussock-like way of growth, and generally are 
not eaten by stock until all the herbage has gone. 
At this stage they represent a reserve of material 
on which animals will continue to graze through 
a dry season although they are low in nutritive 
value. Flinders (TseiZema memboanaeea) and many 
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other grasses occur in appropriate habitats, but 
none of them has high enough protein content in 
the mature dry state to maintain animals in better 
than ‘ store ’ condition. 
The shrubs are varied in character. The saltbushes 

occur chiefly in low-lying spots on soils which m a y  
hase a considerable saline content. They have the 
special metabolism of succulents which enables them 
to endure long periods without rain. They store 
water in iheir leaves, and are in this way a partial 
reserve against drought, but if grazed down and 
denuded of their leaves they can be killed, or so 
reduced as to require a long time to recover. More 
important are the woody shrubs of which mulga 
(Acacia aneuru) is the most important in most 
districts. These can grow to small trees; the stock 
graze the lower branches but the upper remain as 
a reserve. In good seasons the grazier does not touch 
them because the ground vegetation provides enough 
for his animals, but when this is reduced to small 
proportions the shrubs are either lopped or bulldozed 
and the leaves form food of fairly high quality for 
the animals. The maintenance and ,replenishment 
of this reserve of grazing material is important; 
when rabbits are abundant they eat the seedlings 
and prevent new shrubs from developing. The new 
plants are not safe from their depredations until 
they have been established for several years. 
Apart from the attacks of the rabbit the chances 

of re-establishment of any shrub are poor unless 
it happens LO start growth near the beginning of a 
run of favourable seasons, which may occur only 
once in a decade, or even less frequently. The same 
is true of the trees which are customarily found 
along the banks of Lhe dry creeks, many of which 
only carry water at long intervals. In recent decades 
the regeneration of vegetation in these semi-deserl 
zones has been studied in some detail [26, 271. 
In many of these regions the rainfall is very 

seasonal in character and remarkably uncerLain in 
regard to the month in which it starts. In the northern 
part the rains may start in September, but in other 
years Lhey m a y  begin as late as December or January, 
or they m a y  fail altogether. This uncertainty as 
regards amount and time makes any attempt at 
cropping a risky procedure, especially as sowing on 
dry ground is usually hazardous, and on the other 
hand the rains are often so heavy that ordinary 
implements cannot be used for some weeks. This 
means that grain crops can seldom be grown, but 
forage crops are occasionally possible. These can 
be used as a bulk reserve for livestock against drought, 
but graziers find it more economic to move Lheir 
livestock away from a drought-stricken district. The 
difficulty occurs when the whole country is in drought. 
At such times livestock losses are high. The need 
to keep this risk within reasonable limits necessitates 
very light stocking rates per hectare. 

In these dislricts the nutritional life of the animal 
consists of a sequence of cycles. W h e n  the pasturage 
is good after the rains have come, the young animals 
grow rapidly and all types put on condition; they 
may become really fat in a good year. As the herbage 
dries up and its nutritive value diminishes they 
stop growing, lose condition and end up as ‘stores’. 
If the dry season is unduly long they may even 
become emaciated, and deaths occur from various 
disorders associated with a falling nutritional plane 
and unduly fibrous fodder. W h e n  the season next 
‘breaks’ deaths are frequent for a week or two until 
the animals adjust themselves to the improved 
condition, and then the cycle is repeated. In’ the 
areas more distant from the coast the chances of 
getting the stock away fat are poor. The function 
of these districts is to provide stores for areas where 
Lhe pastures are of higher quality and have a longer 
season. 
Unfortunately the areas of good fattening country 

near the coast are limited, and so far it has proved 
impossible to eradicate the cattle tick from them. 
One special fattening area is the ‘channel country’ 
of south-west Queensland. Here, in some seasons, 
the Cooper, Diamantina and Georgina rivers have 
heavy rains on the northern parts of their watersheds 
and come down in floods which spread oser vast 
areas of the country surrounding their lower courses. 
A week or so later an enormous growth of nutritious 
herbage is available for grazing, and can fatten 
large herds of cattle. These íioods occur about two 
years in every five, in the other three there m a y 
be a partial flood or none at all. Cattle are brought 
down from the drier areas of the north as soon as 
the rainfall on the watersheds is sufficient to make 
a flood likely. 
This nomadic method of developing a grazing 

system has been widely adopted by a few graziers 
who have had control of a sufficiently wide range 
of properties, but it cannot be successful as a general 
system. Socially it is disastrous, and as a rule it 
can only be run by buying up cheaply the improve- 
ments in buildings, fences, eLc. which are the ruins 
of the investment made by others who were less 
fortunate. 
Although the cattle and sheep industries have 

not made much progress in these desert and semi- 
desert areas (Figs. 4 and 5), the improvement in 
social developments has been most marked. The 
possibility of conversing with specific centres within 
range of the pedal-wireless transmitters, the much 
publicised flying doctor service and its hospital 
cenires, the broadcasting service with its news and 
‘ classroom of the air’ session for the children have 
done much to mitigate the problems of isolation. 
The kerosene-powered refrigerator, and the small-scale 
lighting and power generators have made modern 
household facilities possible. Some of the roads are 
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FIG. 5. Present distribution of beef cattle in Australia. 

now passable throughout the year except after 
unusually heavy rains. 
Many owners took advantage of their increased 

returns shortly after World War II to improve and 
re-equip the houses and also the living quarters 
for their workers. On such stations it is n o w  reasonable 
for some or all of the married operatives to live 
and raise families. These developments are significant, 
but they represent a large capital investment. They 
are more easily paid for and maintained by large 
properties, because their cost can be spread over 
larger turn-off of stock. On the other hand, some 
owners, whether individuals or companies, are more 
concerned with profits than development, and are 
not prepared to spend much on amenities for the 
stations. In the past the Queensland Government 
has endeavoured to subdivide large properties when- 
ever their leases expire. Some of the holdings still 
are very large and somewhat difficult to manage 
but, clearly, size should not be the sole reason for 
subdivision; under these arid conditions stock cannot 

be effectively run in small units even if they employ 
a group of workers on each. Each case deserves 
individual consideration-a principle that is not 
easily applied by a public department of the State 
under a democratic system which leaves it open to 
criticism that is not always well informed as to the 
real nature of the problem. 

IN THE SUB-ARID A R E A S  

Cropping and the evolution of mixed farming 

As already mentioned, men were ready to take up 
land in the south with the intention of developing 
wheat farms as soon as cheap transport to the seaboard 
was available. Their problems were both varied and 
numerous. Trees and stumps or dense scrub cluttered 
the land; yields were seldom high, and methods 
had to be devised to enable each man to deal with 
a large area if he was to earn a reasonable living. 
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The land problem was fairly simple because, although 
some early blocks were only 160 acres (64 hectares) 
in exLent., the authorities soon increased the allotment. 
to 320 (129 hectares) and then 640 acres (259 hectares) 
and to larger tracts in the drier areas. Mechanically- 
minded farmers were continually devising new 
machines all Lhrough the nineleenth century. Tree 
pullers, stump pump aLLachments for machinery, 
rollers with side draught to beat down the scrub, 
heavy timber ‘smoogers’ to grade the uneven land, 
the stripper in the 18410s and the harvester in the 
1890s to deal with harvesting large areas. All gradually 
made the grain farmer’s task the more manageable. 
In the meantime the horse teams increased in size 
until ten working abreast was a common feature. 

However, the yields per acre were depressingly 
small in many seasons. The Australian average yield 
exceeded 10 bushels per acre only once in the period 
1890 to 1905. This was commented on by Crookes [8] : 
‘ Australasia, as a potential coniributor to the world’s 
supply of wheat, affords another fertile field for 
speculation. . . . Queensland has never had more 
than 150,000 acres under cultivation. For the second 
season in succession the wheat crop last year was 
desLroyed over large areas in Victoria; and in South 
Australia the harvest averaged no more than about 
32 bushels per acre.’ 
Improvement came through the efforts of Farrer 

and other plant breeders, who produced varieties 
with a growing period which corresponded to the 
distribution of the normal rainfall of the wheat- 
growing districts of that ~ime-8 months (April to 
December). They bred wheats which could be stripped 
readily by the new machinery. More important still 
to these southern wheat-growers was the increased 
use of superphosphate, which began in South Australia 
in the 1890s. In northern N e w  South Wales and 
Queensland speed of work is essential, and this 
extension of the wheat belt had to wait for the 
tractor before it could be really effective. The combined 
seed and fertilizer drill, which ‘placed’ the chemical 
in the soil where the first developing rooLs would 
grow, was useful in that it economized in fertilizer 
costs. 
By World W a r  I the industry was progressing 

fast. The high piices for wheat in the war years 
put many men on their feet financially; they also 
encouraged governments of every mainland State 
to organize more settlements for wheat growing by 
opening new areas. The new settlers were financed 
by government loans, much of the money being 
raised in London on Lhe traditional plan under 
which Britain expanded farm production in her 
colonies and other countries and which, incidentally, 
provided large supplies of basic commoiiities for 
world markets. In the southern States most of these 
new settlements were inside the arid zone, or on 
land which in the average year only liad 5 or 6 months 

with enough rain to meet Lhe requirements of meso- 
phytic annual plants such as wheat. This extension 
of settlement was, therefore, bound to he speculative, 
especially when the variability of the rainfall is 
25 per cent [38]. 
Some of Lhese new farms got. their water from 

subartesian bores, but many were supplied through 
channelled or piped supplies. The Wimmera-Mallee 
Stock and Domestic Supply Scheme in Victoria has 
8,000 miles (12,870 km.) of open earth channels 
but is lavish in its use of water; many of Lhe other 
schemes are piped, and more economical. 
F e w  of the new farmers had any sheep at the 

start. Most of them cropped their land annually 
while it was being cleared, and many continued 
to do so. The system of fallowing was introduced 
and was common by 1920. Some of the new districts 
had dry seasons in the later 1920s. Meantime, two 
bumper harvests in North America produced a 
world surplus of exportable grain, which depressed 
prices to levels ruinous to many growers. The low 
price did not stimulate world demand markedly, 
and the surplus remained till removed by a drought 
in North America in 1934 and 1935. But even this 
was only temporary relief, and a surplus was again 
dominating prices in 1938. 
This depression brought social disaster LO farming 

and especially to the newer settlements in the country 
with a 5-6-month growing-period. Some areas were 
evacuated or redesigned into large grazing farms. 
A Royal Commission was set up by the Australian 
Commonwealth Government [31]. It recommended 
the establishment of a subsidy financed from an 
excise on flour used in Auciralia for human eonsump- 
tion. This wab on a sliding scale, and the money 
was paid to all wheat growers as a bounty. The 
Commission suggested that some wheat farms should 
cease production, that debt adjustment was necessary 
on many others, and that mixed farming with sheep 
should be encouraged. 
The war years .are unimportant in the present 

context. The postwar world wheat surplus has been 
further aggravated by a desire for self-sufficiency 
in foodstuffs in many European countries which, 
in some cases, has turned importers into exporters. 
Meanwhile, the modification of farming in the Austra- 
lian wheat belt continues (Fig. 6). The first change 
is the increase in the number of sheep on wheat 
farms; they now constitute about a third of the 
total Australian sheep population. 
In some wheat districts it became apparent that 

continued cropping, even on a crop-fallow basis, 
led LO changes in the physical condition of the soils, 
which became tougher and less tractable, so that 
they could only be cultivated successfully over a 
narrow range of moisture contenl. Cropping them 
became diiricult, especially as rain periods are few 
in many years. Experiments by Departments of 
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FIG. 6. Distribution of wheat acreage in Australia. 

Agriculture, and the experience of farmers in many 
districts, showed that this deterioration could be 
reversed if the land were treated with superphosphate 
and used for growing an annual pasturage of clovers 
and improved grasses for a period of years. Virtually, 
they had rediscovered the process of ley farming 
under very special conditions. This practice is spread- 
ing steadily, but it requires the use of leguminous 
species with shorter and shorter life cycles for its 
successful adoption in the districts with shorter 
periods suitable for plant growth. By 1958 the 6-month 
growing-period line is about as far as the practice 
could go with a margin of safety. The additional 
number of sheep which can be carried on farms 
where the rotation of 4 years’ ley to 3 years’ cropping 
is adopted is considerable. 
Tractors were essential for success in the wheat 

districts of northern N e w  South Wales and Queensland 
where the wheat soils are deep and fertile, and the 
grain is grown as a winter crop mostly on the rain 
of the preceding summer. The tractor’s special 

merit lies in the speed with which it can suppress 
weed growth during the wet period, and the faster 
rate at which it can enable the header to harvest 
the crop when compared with a horse team however 
expertly handled. Unless the weeds are controlled 
they will use up the soil moisture and decrease the 
available nutrients in the soil. Unless the harvest 
is taken off quickly the ‘break’ of the season in 
the early summer may prevent it from being garnered 
in good condition, or even at all. 
Probably the general adoption of tractors on all 

Australian wheat farms has increased the average 
yield by 10-15 per cent; the ley-farming system 
will have effected an even greater increase when 
it is generally adopted. These improvements will 
be necessary to enable farmers to meet their rising 
costs. The whole situation of crop farming in the 
arid zone is fairly static as long as Lhe present ratio 
of the farmer’s returns to the cost of his supplies 
remains constant. 
Conditions of life on the wheat farms have greatly 
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improved since 19418 when social conditions on them 
was reviewed in detail by Holt [is], and most districts 
have regained some of the financial resiliency ihey 
had before the depression. If the world needed more 
cereals and were prepared to pay a rather higher 
price for its supplies, then wheat areas could be 
expanded by taking more risks in the 5-month 
rainfall belt. Alternatively, some areas in the moister 
regions could be brought into production. 
Erosion talres a double form in the wheat zone. 

On sandy soils in the drier country a considerable 
amount of damage has been done. Remedial measures 
such as the planting of rye, less stirring of the fallows, 
and strip cropping have generally been successful, 
but the menace still exists, and careless farmers 
can soon initiate another erosion cycle, especially 
in rainless years. On the heavier soils on the sloping 
land which is common in some parts of the N e w  
South Wales wheat zone, gullying and sheet erosion 
have assumed alarming proportions, and many new 
precautions have had to be taken. In Queensland, 
where summer rain is the rule, some of the deep 
black soils have suffered severely. Less fertile types 
are not usually cropped. 

Pasture improvement and soil fertilization 

Modern pasture techniques in temperate humid 
districts made their first advance during the 1920s 
in New Zealand and Britain, owing to the stimulating 
research of the Aberystwyth School. The emphasis 
it laid on four concise points clarified thought. First, 
the need to find the species suited to the environment. 
Secondly, to pick out within the species Lhose strains 
which would give the best results. Thirdly, to ensure 
that the soils were maintained at an adequate level 
of fertility in all respects. Finally, to work out a 
system of management which would stabilize the 
pasture complex at a high level of productivity for 
the required number of seasons. 
Previously attempts at increasing pasture produc- 

tivity were entirely haphazard, and even today it 
would be bold to claim that reform is complete, 
The early method consisted of introducing from 
other countries plants which rather casual inspection 
suggested might be suitable for some Australian 
districts. Occasionally success was achieved. Various 
pasture species from Britain suited southern Victoria 
and Tasmania. Paspalum dilatatum was very successful 
on the river alluvia of New South Wales. Kikuyu 
(Pennisetum cladestinum) and Rhodesgrass (Chloris 
gayana) suited some Queensland areas. Sometimes 
well-intentioned introductions were disastrous, e.g., 
the prickly pear Opuntia inermis, which overran 
many millions of acres and became a pest. Its ultimate 
control required extensive investigations which showed 
that the insect Cacto blastìs cactorum would reduce 
it to manageable proportions. The introduction of 

Argastemma calendulaceum by Baron von Muller 
because it looked like a fast-growing bulky grazing 
plant did little credit to the Baron’s capacity to 
think in terms of tons per acre. Many other introduc- 
tions were the source of some of the bad weed prob- 
lems of today. As a result rigorous quarantine 
measures have been adopted; these are a Common- 
wealth matter but authority is frequently delegated 
to Stale officials. 
Among the introduciions made by southern pasto- 

ralists was Trifolium subterraneum from the Mediter- 
ranean region, where the climate limits mesophytic 
growth to an annual period of 7-9 months. In a 
few places now recognized aB spots with a highly 
fertile soil, this species established itself effectively, 
When, during the 19209, the practice of top-dressing 
with superphosphate was widely tried, this species 
spread rapidly in areas with 8-9 months of effective 
rainfall. Numerous varieties were recognized; some 
of these had longer and some shorter growing periods. 
The latter were valuable down to the 7-month 
growing-period zone. In districts of higher aridity 
other species of legume have to be found, and the 
annual species of Medicago are more successful. 
The zone of M. tribuloides can be extended to the 
6-month line effectively. 
This evolution of ‘sub’ or subterranean clover 

as the key plant in a revolution of grazing practice 
is due to its capacity to raise the nitrogen content 
of soils by the aid of the rhizobia on its roots. This 
done, the soil can begin to support other grazing 
plants of high capacity. The Australian economy is 
normally unable to consider buying nitrogenous 
fertilizers for pasture or cereal crops, and it is fortunate 
that the bacteria replace them so well under these 
conditions in the southern States. 
On the grass side, the discovery of Wimmera 

Rye Grass-a chance hybrid-was of great value; 
while some of the local semi-aestivating strains of 
Lolium perenne are helpful; but no non-aestivating 
perennial or broadleaved grass can withstand the 
effects of three months of high temperature drought. 
The aestivating Phalaris tuberosa is spreading steadily. 
N o  pasture plant can produce an abundance of 

high quality fodder unless the soil contains the 
appropriate nutrients. Perhaps South Australia was 
fortunate in that the most frequent deficiency was 
phosphorus, and that superphosphate was readily 
available. This one fertilizer, which contains calcium 
and sulphur as well as phosphorus, was able to 
remedy deficiencies in soils in which any (or all) 
of these elements were lacking. Its ‘shotgun’ nature 
improved its value as a primary fertilizer. 

Trace element discoveries 

In some areas with rainfall suitable for the deve- 
lopmcnt of the process described above, the excepted 
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resdts were not achieved and it became clear that the 
soils were deficient in other elements. Some N e w  
Zealand work suggested a lack of cobalt, and both in 
Western Australia and South Australia research 
revealed that small quantities of copper, zinc and 
molybdenum were necessary additions to the super- 
phosphate if the clover were to be established luxu- 
riantly, whilsl exlra cobalt was sometimes necessary 
if stock were to be heallhy. As a result of much 
experience and experimentation wide areas in which 
these deficiencies occur have been delineated, mainly 
in poor soils on the foothills of the ranges or on sandy 
soils especially near the coasts. Consequently, consi- 
derable areas of land previously regarded as unhealthy 
or valueless have been brought into practical use. The 
cost of removing the original vegetation, ameliorating 
the soil and developing the farms is high, and so far, 
the annual cost of maintaining the fertility is some- 
what uncertain, but when the developmental cost can 
be used as a deduction from gross income for taxation 
purposes the enterprise is attractive, and may be a 
sound long-term investment. It is not so advantageous 
as a means of enabling men without capital to become 
independent farmers, because so much of the deve- 
lopmental work requires big machinery and the expen- 
diture of large sums on fertilizers and materials, conse- 
quently il cannot easily be replaced by long years of 
toil and frugal living. The latter was the basis on 
which earlier generations cleared forested areas on 
good soils which required less chemical treatment. 
Although most of the districts in which these deve- 

lopments are taking place are in regions where the 
climate is usually arid for only three months or less, 
similar responses may be expected on poor soils in 
some of the drier regions. The widespread interest in 
the matter ensures that further investigations will be 
made, although, as the average rainfall diminishes its 
variability always increases and is automatically 
coupled with an increased economic risk. Such areas 
are consequently less attractive as an investment. In 
all these matters the ultimate factor is the extent to 
which the world needs the products which can be 
produced from these lands, and the price it is prepared 
to pay for them. 

Pasture improvement in areas with spring-summer 
rainfall 

The progressive development which has been described 
in the coulhern areas where the rainfall has an autumn- 
winter-spring incidence has been impressive, and has 
resulted in the trebling of the stock-carrying capacity 
on many farms. In the northern areas with higher 
summer rainfall-the limils of which m a y  roughly 
be set as 330 S. latitude in the eastern half and 250 S. 
in the western-progress has been less spectacular. 
The starting point was farther back, because the 
modern ideas of productive pasture and its correct 

management have not yet been applied with complete 
success in any tropical or subtropical area, and SO 
there was no long-term experience overseas on which 
Australia could draw. In particular, no wholly satis- 
factory legume has been found to take the place which 
subterranean clover occupies in the southern scheme. 
The relations between the plant’s waler loss, its 

root development and the fertility and structure of 
the soil require analysis if the plant’s capacity to 
maintain itself under dry conditions is to be under- 
stood [3]. The study of pasture problems in these 
regions is now being pushed ahead vigorously. It is 
already clear that. in some districts a wide range of 
soil deficiencies exists. The fact that in the past the 
only areas used for cropping in these rainfall regions 
have been those with exceptionally fertile soils is not 
helpful, because as these usually failed to respond to 
fertilizers (sugar lands excepted) many farmers and 
others assumed that the pasture problem would be 
as simple over the wider range of grazing land. It is 
practicable on certain deep soils to grow wheat as a 
winter crop, mainly on the water conserved in the soils 
from the preceding summer, provided weeds are 
controlled and the surface soil stirred to avoid deep 
cracks. But on other soils where the root range is 
shallower the result would be quite different. 
Of the summer crops in this northern sub-arid region 

maize is usually disappointing because its broad leaf 
surfaces are unable to withstand the desiccating power 
of the fierce winds that at times sweep across from the 
interior. Sorghums can be grown more easily, and their 
production would expand rapidly if a satisfactory 
export market were available. As animal foodstuffs 
they have not yet been widely adopted, because the 
export market for pig-meats has diminished. Skerman 
[34;1 has analysed the potent climatic factors and their 
influence on crops for various stations in Queensland. 
His analysis reveals that the south-eastern part of 
that State is relatively superior in this respect to other 
sub-arid and arid parts. 

Irrigation 

The attempts to use water to increase productivity in 
dry times began with small private schemes. Some of 
these were so successful that Victorian farmers in 
areas near the Murray were attracted by the idea of 
collective action, hoping to avoid in this way the effects 
of the droughts which periodically upset their pro- 
duction. District schemes were started in the 1880s 
in several districts but they soon ran into difficulties. 
First, because those who planned the schemes did 
not understand that the native pasture plants are 
attuned to dry summers and when irrigated do not 
give enough extra growth to pay for the cost, nor did 
they appreciate that irrigation is often a difficult art 
and nearly always requires land drainage. Secondly, 
the farmers did not understand that plants cannot 
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produce larger amounts of nutritious material without 
corresponding increases in the amount of plant 
nutrients available to their roots, and that only the 
richest soils contain these materials in abundance. 
Thirdly, some summers had good rainfall and the 
landowners were not prepared to pay their water 
raLes when they did not use irrigation water. 
The schemes failed and the Victorian Government 

took them over. In its Water Acts of 1902-1905 it 
resumed the ownership not only of the water, but of 
the beds and banks of all streams in the State. In this 
it removed at one stroke any question of riparian dis- 
putes, and deprived the legal fraternity of a large 
potential source of income. 
The States went steadily ahead with their irrigation 

schemes, Victoria in the lead because the Goulburn 
River is one of the most reliable in the continent. After 
Federation in 1901, the Commonwealth and the three 
interested States set up a joint commission for the 
control of the waters of the Murray. This body has 
erected weirs, locks and barrages down the length of 
the river, starting from the H u m e  Weir which 
impounds 1.25 million acre-feet (15.5 million hectare- 
centimetre) near Albury, and finishing with the locks 
on the river mouth at Goolwa. 
The present position is that completed storages in 

all States have a capacity of 7.2 million acre-feet, but 
some of these are more concerned with stock and 
domestic supplies in rural areas than with irrigation, 
although all are for the sub-arid and arid zones. The 
figure will be increased considerably when certain 
works under construction are completed, notably the 
Snowy Mountains Hydroelectric Scheme. When 
assessing these figures it is necessary to remember 
that some of the storages are not filled every year, so 
the out-turn may not equal the total capacity. The 
actual areas irrigated at present are of the order of 
1.75 million acres (700,000 hectares) of which two- 
thirds is pastureland, some used for dairy farms, other 
for stock fattening. Large areas are under orchards or 
vineyards, and market gardening is locally important. 
The dried and canned fruit industries, both of which 
are on an export basis, are very largely based on irri- 
gated culture. 
Some of the water is used extravagantly, and in 

time the salinity of the clrainage water will fall low 
enough to use some of it again, but even when these 
savings have been made the volume available will be 
small when compared with the enormous volumes 
conserved in India and other countries. Already in 
Western Australia all streams of any size south of the 
Tropic have been impounded. South Australia may be 
able to irrigale acrcages by pumping water from near 
the mouth of the Murray when the salinity has fallen 
further. Victoria has used all its rivers except those 
with a short flow to the sea. In New South Wales the 
westward-flowing streams have rather small catch- 
ments, and flows which vary greatly from year to 

year. Those with eastward courses run through steep 
country until they reach the narrow coastal strip. 
In Queensland the schemes so far developed have been 
small and local, but a big project on the Burdekin is 
under discussion. At this stage in the world’s economic 
history it is not quite clear which crops are worthy of 
expansion. One forecast seems safe, namely, that as 
time goes on more and more of the Australian acreage 
of special crops such as tobacco, linseed, etc., will 
be irrigated, because the costs of irrigation are less 
than the losses caused through partial droughts. In 
Lhe meantime, more irrigated pastures will reduce the 
stock losses which afflicted the meat and wool indus- 
tries in the past. 
The total volume of irrigation water which can be 

consumed is so small compared with the needs imposed 
by the climate, that the question of where the water 
should be used is significant. The most economical 
method is to store the water in the deep valleys of the 
ranges, whenever such are available, and use it in the 
sub-arid areas. Under existing conditions there can 
be no serious proposal to convey it as far inland as the 
desert (see Fig. 1) because the losses due to evaporation 
would be high and, also, abundant land is available 
in the sub-arid regions. 
During the last quarter-century many investigations 

have been carried out on irrigation problems at various 
research centres. Most of the losses due to faulty irri- 
gation in past decades can now be retrieved-at a 
cost. In future, it should be practicable to avoid 
mistakes if engineers and other planners take the 
trouble to realize the importance of soil structure and 
the factors which control it. This does not mean that 
every type of soil can be irrigated easily, or even 
successfully, and political issues have sometimes forced 
unnecessary risks. The general position in Australia of 
irrigation and its potential in 1946 was discussed in 
a Report of the Rural Reconstruction Commission [Z]. 

POSSIBLE FUTURE DEVELOPMENTS 

G E N E R A L  

Before the second world war the arid zones of the con- 
tinent and the sub-arid zones of the north were remote 
and difficult from every point of view. Economically 
the land industries of these parts were a somewhat 
doubtful asset. Much capital had been spent on them 
and a great deal of it lost. The life these areas offered 
to the pastoralists was hard, and the chances weighted 
against the man with limited resources. 
During the war many Australian Servicemen lived 

for months in these regions. A few roads were built, 
other tracks improved, many aerodromes were 
constructed and flying became an everyday means of 
communication. There was much talk about the food 
supplies of the world and the permanent shortages 
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which some people expected. After the war the British 
Government sent a committee to discuss the whole 
question of meat production in Australia. It also came 
to an agreement with the Queensland Government to 
try a scheme for producing sorghum and pigs in the 
ranges behind Rockhampton. 
These varied forces influenced Australian opinion 

to take more interest in these somewhat difficult 
regions, and as the findings of the previous twenty 
years of scientific research were beginning to produce 
very practical results in the less arid parts of the 
southern half of the continent, numerous investigations 
of varied types were started in the north as soon as the 
necessary research stations and equipment could be 
obtained and, more difficult, the appropriate per- 
sonnel recruited. Agricultural Departments in the 
States have combined with the CSIRO (Common- 
wealth Scientific and Industrial Research Organiza- 
tion) to further these researches, and at times univer- 
sities have played a part in the programme. Many of 
the first results of these efforts are now appearing, and 
the series of short papers presented by Australian 
workers to the Canberra Symposium on Climatology 
and Microclimatology is indicative both of the lines of 
approach to the problems and of some of the results 
so far gleaned [4, 5, 6, 9, IC]. T o  those who have long 
been interested in the problems of land use, the focus 
of attention on the day-to-day and hour-to-hour rela- 
tionships of the plants and animals to their environ- 
ment is extremely refreshing. 
Annual and monthly averages of daily climatic 

factors are valuable in the general way, but it is the 
period of a few hours of excessive temperature 
combined with low humidity which kills the seedling 
or spoils the pollen or stigma at the flowering stage. 
Furthermore, a difference of a few feet in altitude may, 
through its influence on frost liability, entirely ruin the 
chance of ripening grain over considerable areas of 
certain soil types, or, in irrigation areas, the develop- 
ment of flowering shoots in vines or leaves in citrus 
trees. These slight variations from the means or the 
expected range of climatic constants have in the past 
been the causes of the failure of many enterprises. The 
estimation of their frequencies and their probable 
effects should be an essential precursor to any fresh 
attempt at intensifying land use. In arid regions the 
odds are generally against the farmer. The courage of 
new investment of money and sweat in an enterprise 
which has the microclimatic odds against it m a y  be 
magnificent, like the Charge of the Light Brigade at 
Balaclava, but it does little in forwarding man’s 
progress in the war against the desert. 

PLANT PROBLEMS A N D  INYESTIGATIONS 

The broad climatic features of the continent and their 
effect on vegetational groupings have been appreciated 

for many years. Griffith Taylor [36] noted the inverted 
similarity to North Africa which Emberger [il] has 
extended. Prescott in 1931 produced vegetational and 
soil maps of the continent [24]. In 1934 the Council for 
Scientific and Industrial Research (CS1R)l published 
a pasture m a p  [ZO], and numerous other workers 
(e.g. Moule [ZZ]) have provided local information. But 
the first systematic attempt to investigate soils and 
plants on the grand scale in northern Australia began 
with the establishment of the Land Research Section 
of CSIRO in 1946. Christian [4] has briefly reviewed 
the type of work done in its regional surveys, and the 
relationships of ecoclimatic factors to the welfare of 
plants at specific stages of development. This approach 
has been applied to a consideration of certain com- 
munities under grazing conditions by Christian and 
Slatyer [6] where the microclimatic effects of over- 
grazing a vegetation unit of Acacia aneura, which is 
common in many areas, are analysed. In that paper the 
comparison is made between a crop and the native 
vegetation in the following sentences: ‘It will be 
observed that the rate of evapotranspiration and hence 
of soil moisture depletion was much greater in the 
case of annual crop species. It should be noted, how- 
ever, that even in its restricted growing period the 
crop species produced ten times the total dry matter 
of the native perennial pasture.’ 
The problem of the grazier in arid areas in the past 

was to decide how intensively he should stock each 
paddock in order to avoid degradation of the pas- 
turage. Today, the further problem is how far he can 
increase the out-turn of his property by getting an 
increase similar to that referred to in the quotation, 
in such a way that reserves of fodder can be stored 
against the annual dry season and the periodical 
drought. 
Thoughtful graziers who have studied the growth 

of their sheep or cattle admit that the animal’s growth 
is a series of jerky progressions. During and shortly 
after each rainy season the weight of the individual 
animal increases, but some of that gain is lost in the 
following ‘dry’, and especially towards the end of 
it, because the material remaining on the pas tures is 
so low in protein. W h e n  the rains fail in any year, the 
grazier usually gets rid of the less important of his 
animals, either by selling them or buying agistment 
elsewhere; if these methods are insufficient, the females 
are not mated and the males take their chance on the 
less valuable pasturage. Sometimes fodder is bought 
in for stud sheep, but for the more distant stations 
this is expensive. The economics of this purchase are 
well understood, except that no one knows how long 
the drought will last. It is scarcely surprising that 
stock numbers fluctuate widely over the years, 
especially on the more distant stations. Many m e n  
have been broken financially through trying to hold 
1. This body was subsequently reorganized QS the Comnionwealth Scientific 

and Industrial Research Organization (CSIRO). 
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on too long; a smaller numbcr have made fortunes by 
buying in at the subsequent low prices and then being 
favoured by some chance of the weather. The problem 
is a dual one-first of raising the nutritional value of 
the dried-up fodder, and secondly, of providing 
reserves. 
The former might be assisted if some leguminous 

plant could be found which would grow in the climate,' 
and which might be harvested before ripening and 
lhen its stubbles grazed. An alternative method which 
has had success under similar conditions in South 
Africa is to spray the dried material on the paddocks 
with a mixture of urea (or other fertilizer with an 
ammoniacal base) and molasses, and then let the 
cattle graze the area. Under this method the bacteria 
in the animal's rumen will build up simple proteins, 
which will subsequently be absorbable. This is prob- 
ably the most promising method for combating the 
annual dry season; it may also help with the drought 
problem if roughage can be conserved. But it has 
not yet passed beyond the experimental stage-in any 
case the value of the method depends on the prices 
of urea and molasses on the one hand, and on the 
final value of the beast on the other. 
The question of conservation is a vexed one. The 

surface of the ground is usually too uneven for the 
direct use of close-cutting machinery such as that used 
in humid temperate regions. The natural vegetation 
does not make a close sward but consists of spaced 
tussocks. These factors do not facilitate haymaking; 
nevertheless, hay crops of Mitchell grass are sometimes 
taken. The material so conserved is low in protein and 
not always readily eaten by stock. The alternative is to 
grow a crop, e.g. sorghum, and harvest it. Skerman [34] 
has pointed out that the effects of heat waves are 
acute during the seedling stage and at flowering, and 
that such waves occur with increasing frequency 
towards the western and northern parts of Queens- 
land. H e  further points out that the time of planting is 
dependent on the very uncertain date of the first 
significant rains (3 cm.). H e  has further ascertained 
from records of rainfall the chances of being able to 
sow before each week, and then the chances of damage 
to the crop from heat waves. H e  concludes that as 
far as sorghum is concerned, grain production is 
uncertain, and forage should be the objective. If the 
molasses-urea treatment proves generally applicable 
this seems a practicable solution, but its economics 
have yet to be demonstrated; clearly, they are related 
to the market price of beef. 
Some new variety or species m a y  be found which is 

more suitable than the sorghums at prescnt in use, but 
unless this can be done the problems of successful 
intensification of dry-land crop production in the arid 
and semi-arid areas-the eastern side of northern 
Australia-are likely to continue to be difficult, ancl 
this would be true irrespective of the size of the farms 
or the skill of the cultivators. On the western side of 
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the continent data are lacking, and it may he that 
the chances of avoiding the devastating desiccation 
of the heat waves may be better. In that case the 
potential for crop husbandry will be greater in those 
regions where the terrain is sufficiently even-a 
proviso which must be added in view of the ruggcd- 
ness of much of the Kimberley country. 

TEE ANIMAL INDUSTRIES 

Research on animals carried out in Australia has 
increased markedly in recent years, and the proportion 
of it specially directed towards life in the arid zones 
has also improved. The success achieved in the control 
of many of the more important diseases and of worm 
parasites, and the evolution of the Mules operation for 
reducing blowfly attack OII the crutch of the sheep 
have been heartening. The discovery and use of modern 
insecticides has assisted in the control of buffalo fly 
on cattle and of blowfly body strike in sheep. There 
are hopes that greater progress will be made in future 
with the elimination of cattle tick. 
Recent promising lines of inquiry are those being 

made into the heat tolerance of various breeds of 
animals-their resistance to the effects of heat [19,37]. 
It seems clear that within a breed individuals show 
marked differences in this regard. The analysis of 
various anatomical and physiological characteristics, 
which are important in determining heat tolerance, 
may be significant in providing a basis for breeding 
new races of domestic animals with a greater capacity 
for acclimatization in arid zones. The success of the 
Santa Gertrudis breed recently introduced from the 
United States, together with the obvious capacity 
of hybrids descended from earlier importations of Zebu 
cattle to survive in bad times, suggests there is good 
reason for confidence in the ultimate outcome of the 
present investigations. 
Research has been extended into all phases of the 

wool industry in recent years. The large new labo- 
ratories at Prospect, near Sydney, are equipped with 
all stages of air-conditioning, so that physiological and 
other determinations can be carried out under a range 
of artificially controlled environments [19]. This work 
will investigate further the conclusions of previous 
research and observations which necessarily were 
carried out in the field. Moule [22] has reviewed the 
problems of the sheep industry in Queensland, and 
Fyfe [30] reported on its position in Western Awtralia 
at the end of the drought of 1935-1937. 
Research can assist the livestock industries, but 

their basic problems are generally economic in charac- 
ter. In the arid zone many of the pastoral stations are 
still ill-equipped in a variety of ways, but improve- 
ment depends on capital expenditure, and unless 
the prices of the commodities pyoduced are sufficiendy 
profitable to encourage further investment, the 
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likelihood of improvement is small. Before 1939 the 
improvements on many of these properties had 
become dilapidated. The wool boom of 1951 encou- 
raged many owners to remedy these defects and 
install much new equipment on sheep stations. Simi- 
larly on the cattle side the higher price of beef animals 
has had the same effect, and here the British-Austra- 
lian Fifteen-Year Meat Agreement of 1952 has also 
promised an improved stability of the market. 
In the southern sub-arid zone the problems, though 

less acute, are still of the same type. Pasture improve- 
ment is possible in most of the zone with from 6 to 
9 months of effective autumn-winter-spring rainfall. 
This is frequent in some districts, but by no means 
universal in these regions. To change from native pas- 
tures to those of improved type and to increase with 
safety the stock carried, costs from £15 to $20 per acre, 
and such expenditure cannot be undertaken lightly 
on farms whose land is usually only of moderate 
quality, and which could have been bought with their 
improvements for between £5 and £12 per acre before 
the war. Critical observers sometimes suggest that 
the farms are too large but, although there are excep- 
tions, in most cases size is an advantage because it 
lowers overhead costs per unit of production. The 
owners of the smaller farms are those who are most 
frequently in financial difficulty, especially when 
the prices of products fall. The economic position 
of the sheep industries was reviewed by the Common- 
wealth Bureau of Agricultural Economics in 1954 [2], 
at a time when the industry was flourishing and its 
expenditures high. These surveys showed no great 
margin of profit above that necessary to cover the 
cost of interest at 5 per cent on invested capital. 
These costs would have had to be pruned considerably 
if owners were to have any margin of profit in 1958, 
as wool prices have fallen by 50 per cent since 1954. 

IRRIGATION-LARGE-SCALE A N D  LOCAL 

In various parts of the sub-arid regions irrigation 
is a potential source of intensification of land use. 
In the Kimberleys the Ord River presents great 
possibilities, as the local Carr Boyd Ranges offer 
several dam sites where large quantities of water 
could be stored in the rainy season. These could be 
passed down the river to be held up by weirs and 
pumped on to parts of the surrounding country. 
A research station has been investigating the crops 
which could then be grown. The great need of the 
area however is the provision of high-class pasturage 
on which animals from the cattle stations farther 
back from the coast could be topped off and sent 
to the meat factory at Wyndham. 

Irrigation for rice growing lias been started at 
Humpty Doo near Darwin, but so far many of the 
difficulties have not been surmounted and its establish- 

ment has proved more laborious than its optimistic 
proponents expected. It is also practicable on limited 
areas near the Katherine and other rivers. Here 
and there small schemes could be constructed on 
individual properties in the arid and sub-arid areas 
where water holes exist on the otherwise waterless 
river beds in the dry season. But in general, the sources 
of suitable water are limited, and only occur in a few 
places in these regions. Towards the south-east 
there will be a large expansion of district schemes 
on the Murrumbidgee, and on the Murray when 
the Snowy Mountains Scheme has been completed. 
On private properties in rolling country it will probably 
be practicable to put in small storages using some 
of the hilly paddocks as catchments, and subsequently 
spray-irrigating small areas of improved pastures 
from the conserved water. When well planned and 
effectively managed, small private irrigation schemes 
have much to commend them in preference to the 
large State-operated irrigation districts. The areas 
to be irrigated can be chosen carefully so that the 
soils are suitable. The water can be used at exactly 
the time when it is wanted and not according to a 
roster. But these small schemes arc expensive, and 
the evaporation loss from the rather shallow reservoirs 
tends to be high. 

F U N D A M E N T A L  R E S E A R C H  

Fundamental research aimed at helping the dry 
areas is also directed to a study of clouds and rain 
formation. It is confidently claimed that rainfalls 
have been enhanced on some occasions. It is difficult 
to be certain of the reliability of these results and the 
small amounts involved have caused comment, but 
the actual amount of rain necessary to give a cereal 
crop a start is not large, and a good establishment 
a fortnight earlier than would have occurred naturally 
is important because it lengthens the period of growth 
before the winter cold sets in [I]. 
The possibility of reducing the evaporation loss 

from water surfaces by the use of cetylalcohol has 
been demonstrated, and a reduction of 50 per cent 
is claimed for appropriately-sized reservoirs [21]. 
In certain areâs the development of metalliferous 

mining on a large scale may result in such an improve- 
ment of rail services to the coast that adjacent 
farming industries m a y  benefit from improved 
transport of their livestock and other products, in 
the same way that railways to Ballarat and Bendigo 
opened up new districts for farming in Victoria in 
the 1870s. 
These developments and researches and many 

others may give the fa.rmers in the districts concerned 
a better control over some of the problems which 
have beset them in the past. This control should 
reduce the losses of stock and money which have 
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hitherto retarded Lhe Australian countryside. T o  the 
extent that they reduce the net cost of production 
they will add to the stability of farming. But the 
chances of making the really arid zones blossom 
like Lhe rose, except for a week or two after the very 
occasional rains, are not yet in sight. This does not 
mean they are beyond the bounds of possibility 
in a world on the threshold of atomic power which, 
if only suficienily cheap, might be used to remove 
salinity from sea water [16]. At the present time 
commercial machines capable of dealing with several 
thousand gallons a day, and suitable for the provision 
of drinking water for humans or livestock, are on 
the market. But such equipment can only work 
at a cost greatly in excess of the most expensive 
irrigation water. The possibility of cheap power 
for this purpose is not confined to atomic sources. 
The north-west coast of Australia has very high 
tides, and schemes have been mooted for obtaining 
power from this source, while the effective harnessing 
of solar energy is always a possibility [E?]. 
In the event of atomic or solar energy being 

available cheaply all the deserts in the world might 
become cultivable areas, though Central Australia 
would scarcely be the first on the list for development. 
In all these cases, although water is the basic need, 
the development of farms from virgin soils requires 
large expenditure of capital for soil amelioration 
and for general equipment especially in a treeless 
terrain far removed from cheap supplies of timber. 

CONCLUSION 

In many ways Australia has been fortunate in the 
history of her arid and semi-arid zones. The nomadic 
habits of the aborigines and their failure to develop 
the arts of cultivation prevented any degradation 
of the soils. 
The inhospitable character of the land along most 

of the shores of the continent deterred people from 
attempting to occupy it until a fairly late stage 
in the development of political thought. 
W h e n  settlement began it was from organized 

cenlres, not a matter of individuals or groups landing 
at various spots and being brought under central 
control at a later period. 
The great capacity of the country to support 

wool-growing sheep ensured that development was 
on a commercialized basis after 1830. Commerce 
requires law and order, which can only be maintained 
over a long period by a centralized authority. 
Although the governments of the Colonies were 

for a time flouted by the squatters, yet they never 
abandoned the basic principle of their control of 
land and its ownership, and in process of time that 
control was strengthened. 
The ownership of the land by individuals, or their 

occupation of it on long leases with prospect of re- 
newal, has generally resulted in practices which have 
mahainecl the condition of the soils. Erosion has 
occurred in places, but it is only serious in a few 
localities. 
The relative poverty of most of the soils and the 

harshness of the climate have militated against 
small-scale farming in the arid and semi-arid zones 
except where irrigation lifts the land out of that 
climatic category-and irrigation in these areas 
usually requires large scale community effort and 
large capital expenditure. 
As a result of this developmental sequence Australia 

has avoided most of the problems of the arid areas 
of the Old World so cogently summarized by Jacoby 
[17] : ‘ Communities, still ruled by time-honoured 
customs, struggle, without any economic backing, 
against the obstacles of climate and lack of water 
and the risks of farming and grazing.’ 
Generally the development and the use of the more 

arid regions in Australia have been logical in character, 
and wholly governed by the economic possibilities. 
At times, over-optimistic attempts have been made 
to extend the boundaries imposed by droughts and un- 
favourable circumstances. N o w  and again inter-State 
jealousies have hindered wise development, e.g., in 
railway construction or unification. At certain periods 
labour disturbances in the transport and processing 
industries have added to the costs. In general, however, 
development has been in accordance with the capacity 
of the country and its farmers to meet the needs 
of the World’s markets. In earlier years this world 
demand was relatively unfettered by the action of 
overseas governments, but more recent developments 
have been less reassuring. 
The need for expansion in the world7s supply of 

farm products from exporting countries has seldom 
been as uncertain as at the present time. Populations 
increase, and in most countries it may be assumed 
that gradually the need will develop for more food 
and clothing, and for a greater variety of these. 
As this happens changes will occur in the relative 
demand for various commodities. Higher meat con- 
sumption may reduce the demand for bread, cereals 
and rice, and increase that for coarser grains. The 
availability of vegetable and whale oils at prices 
far lower than butter fat, and the lack of any decided 
preference for butter are steadily undermining the 
dairying industries in exporting countries, just as 
better ideas about the importance of milk in the 
nutrition of children have improved the economic 
basis of the same industry in industrialized nations. 
The noncellulosic fibres are Lhe most serious 

competitors wool has ever had to meet, and it is 
well within the capacity of governments to turn 
the balance of consumption by their nationals in the 
direction of these fibres to the detriment of wool. 
To urge that the Asiatic populations need more 
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attention from food-exporting countries is an over- 
simplification of the position, for in many cases 
these countries are not accustomed to the products 
of which Australia has a surplus: vegetable oils 
are preferred to butter, and meats are not acceptable 
to peoples of many creeds. Further, the reorganized 
agriculture of many Asiaiic countries is steadily 
diminishing the need for food imports. For the time 
being therefore, wholesale agricultural and pastoral 
expansion are scarcely justified, although in the 
long run, as world populations expand beyond the 
capacity of improved technology to supply raw 
materials from the land of importers, the situation 
will probably change. 
Some commentators will doubtless contend that 

Australia’s rural development would have been even 
more rapid if governments had accepted settlement 
on small-scale farms as a policy. The evidence is all 
in the opposite direction; numerous attempts to set up 
such settlements have been made; almost all have 
failed. Those settlers who succeeded usually acquired 
the land of their neighbours until they had a large 
enough unit to make a living on a semi-commercial 
basis. Only on the rare patches of rich soil in the 
non-arid regions have such settlements been able 
to survive for any length of time. 
Other observers remark on the infrequency of 

cropping in the arid, and more especially in the 
sub-arid zones of Australia. Actually the zone of 
cultivation in the southern sub-arid zone, extending 

as it does to the region of five months of effective 
rainfall in the cold season, has probably been extended 
as far into the arid zone as the cropped land in any 
country in the world. The special problems in the 
summer rainfall zone have been analysed by Sker- 
m a n  [34]. The climatic risks of cropping and the 
somewhat low level of fertility in most of the soils 
have resulted in the general dominance of the pastoral 
industries, for which large areas are required per head 
of livestock because of these same climatic and 
edaphic disabilities. 
The present situation generally is admirably 

summed up by White [38, p. 1621 : ‘Under a modern 
system of land use based on conservation of natural 
resources and their improvement, costs are necessarily 
higher than under a exploitative system. The cheap 
food era, which was possible only with uncontrolled 
exploitation of the natural resources of the producing 
countries, is being replaced by a period in which 
there is increasing realization of this fact, and of 
the urgent necessity to restore the damage which 
has been done. The next stage will have to be the 
building up of the productive capacity of the land 
to meet the needs of a growing human and livestock 
population. ’ 
The relatively high prices for farm products in 

the last ten years has provided a great stimulus 
to that ‘ building-up ’ process in most Australian 
districts where new knowledge has made it reason- 
abIe. 
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INTRODUCTION 

Public health factors in the history of land use 
in arid regions have been many and varied, ranging 
through a number of diseases primarily due to heat 
or dust, others due to parasites given free rein by 
the lack of sanitation that has characterized many 
arid lands, and still others due to certain aspects 
of the use of water to irrigate arid soil. 
The records give little or no information about 

specific effects of heat or dust or of parasitic diseases 
in general in the development of arid land use. 
But they make it clear that two major diseases 
-malaria and bilharziasis (schistosomiasis) have been 
intimately related to water supplies and to irrigation 
practice in the past as in the presenl. Therefore, 
this chapter will be devoted chiefly to those two 
diseases. 
Such miscellaneous conditions as heat pyrexia, 

heat cramps, heat exhaustion, desert sore or Oriental 
Sore (cutaneous leishmaniasis) and certain other 
skin lesions, some eye afüictions, vesical and renal 
calculi, mucous membrane irritations due to sand 
and fine dust, certain bacterial and parasitic infections, 
and some anaemias and avitaminoses are today 
encountered in arid lands and no doubt have long 
been nuisances associated with hot and dusty environ- 
ments. But they do not have a serious impact today 
and probably never did greatly influence the course 
of events in any region in the past. 
However, malaria and bilharziasis are major 

public health factors in arid lands today and un- 
doubtedly they have been the principal public health 
factors throughout the history of land use in arid 
regions. Indeed, the causal relationship between 
the watering of arid lands and the prevalence OP 
malaria and bilharziasis has been troublesome ever 
since man first attempted irrigation farming. Irrigation 
schemes in recent as in ancient times have brought 
one or boLh of these diseases, and sometimes death, 

to millions of farmers. Some schemes have had 
to be abandoned because health factors were ignored 
in plans and operations so that malaria or bilharziasis 
or both became rampant. The reasons for this will 
become clearer in the following paragraphs. 

MALARIA [3, 4, 12, 1311 

Malaria is a disease characterized by periodic chills 
and fever, by- enlargement of the spleen, and by 
anaemia. It is caused by an infection with microscopic 
protozoan parasites of the genus Plasmodium, trans- 
mitted from man to m a n  by Anopheles mosquitoes. 
W h e n  these insects take malarious blood into their 
stomachs, certain male and female parasites, called 
gametocytes, are not digested, as they would be 
in other than anopheline stomachs; instead they 
mate and produce cysts which develop on the stomach 
wall of the insect. W h e n  the cysts are ripe they burst 
open and their ‘seeds’, called sporozoites, move into 
the insect’s salivary glands and ducts. This develop- 
ment period, from gametocyte to sporozoite lasts 
from 7 to 25 days or more, being slower at lower 
temperatures. Until sporozoites are in the salivary 
glands the insect is harmless. After the parasites 
are in the glands the insect, whenever it feeds, injects 
not only saliva but also sporozoites into its victim’s 
blood, thus starting another case of malaria. The 
insect may continue to spread malaria throughout 
its life of a month or more. Only female mosquitoes 
transmit the disease. Males have no stylets capable 
of penetrating skin; they live on plant juices and 
are harm1 ess - 
In man the injected sporozoites leave the blood 

stream in the liver where they enter certain cells, 
grow in size, and divide into broods of young parasites. 
These escape from the liver cells into the blood 

1. The figurea in brackets refer to the bibliography at the end of the chapter. 
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stream and penetrate red blood cells, generally one 
parasite to a cell. In the red cells the parasites grow 
and then most of them split into segments called 
merozoites. The parasitized cells disintegrate, liberal- 
ing the merozoites which enter other red cells. The 
cycle continues with more and more red cells para- 
sitized, until checked by the patient’s defences of 
immunity, by treatment, or by the patient’s death. 
Fatalities may result from severe anaemia, excessive 
fever, or from the choking of the capillaries of the 
brain or other vital organ by masses of parasitized 
cells and free parasites. 
Some of the parasites formed within the red cells 

do not split into segments but develop into the male 
and female parasites, i.e., gametocytes, that develop 
into sporozoites when taken into a mosquito, as 
explained above. If not taken by a mosquito they 
are destroyed in the human blood stream. 
In typical cases, liberation into the blood stream 

of merozoites plus metabolic products of the parasites 
such as pigment, plus red cell debris, periodically 
upsets the body’s heat-regulating mechanism so that 
there is severe shivering, then intense feverishness, 
followed by copious sweating. These characteristic 
bouts of chills and fever are timed by the length 
of the development period of the infecting parasites. 
Four species may infect m a n  : Plasmodium vivax, 
called the tertian parasite, with a cycle of about 
48 hours, chills and fever coming typically every 
other day; P. ovale, another but much less common 
tertian parasite ; P. malariae, the quartan parasite 
with a 72-hour cycle; and P. falciparum, which has 
sometimes a daily and sometimes a tertian periodici.ïy, 
being often quite irregular. The incubation period 
from the time a mosquito infects a man until he has 
his first noticeable fever averages 12 days in falciparum 
malaria, 14 days in vivax and ovale, and 20 days 
or more in malariae. Because the symptoms and 
course of malaria are often not typical, positive 
diagnosis of malaria depends upon observing the 
parasites in blood smears examined microscopically. 
M a n  has little natural immunity to malaria and 

there are no protective serums or vaccines. But 
once the body is invaded, strong defences are developed 
so that the chances of escaping death are excellent. 
Certain white blood cells, called phagocytes, destroy 
many parasites, and the spleen filters out parasites, 
parasitized cells, and cell debris from the blood. 
These activities, assisted by suitable therapy, usually 
end acute attacks promptly. But there m a y  remain 
some parasites hidden away in the liver cells and 
these parasites may be responsible for subsequent 
attacks, called relapses. Often not much immunity 
persists even after several attacks. Strong tolerance 
occurs only in those who from birth are exposed to 
repeated infections or who have some racial immunity 
as, for example, certain peoples of tropical West 
Africa. 

Ancient authors ascribed the intermittent fevers 
to the anger of gods, invasion by demons, black 
magic, evil eye, marsh water, and swamp vapours. 
In mediaeval Italy, people blamed bad air-‘ mala’ 
‘aria’, ‘mal’aria’, later ‘malaria’, a term that aL first 
referred to the cause of the fever and then by the end 
of the nineteenth century to the disease itself. As the 
germ theory of disease gradually gained acceptance, 
scientists searched for malaria germs and finally 
in 1880 Laveran found the malaria parasite in the 
blood of a patient in Algeria. H e  did not know how 
the parasites got into a man’s blood although he 
hinted that perhaps an insect like the mosquito 
spread them about. It was Manson, in England 
in 1895, who first published a well-reasoned hypothesis 
that mosquitoes transmitted malaria after the para- 
site had undergone development in the insect’s 
body. But Manson did not know how the mosquito 
became infected. The first experimental proof came 
in 1897-1898 when Ross in India found malaria 
parasites of man growing as cysts on the stomach 
wall of Anopheles mosquitoes. Experimenting with 
bird malaria, he next found that a Culex mosquito 
could take the parasites from one bird, develop them 
and then inject them with saliva into another bird, 
thus infecting it. These two discoveries, in m a n  and 
bird, explained malaria transmission. In Novem- 
ber 1898, Italian scientists Bastianelli, Bignami, 
and Grassi, demonstrated sporozoites of human 
malaria in the salivary glands of Anopheles mosquitoes. 
Then Manson, in a very convincing experiment, 
had living infected Anopheles mosquitoes sent from 
Rome to London where he fed them on a volunteer 
(his son) who developed typical malaria and was 
cured with quinine. It was soon clear that only 
Anopheles transmit human malaria and that malaria 
is not transmitted naturally except by these mos- 
quitoes. At first, all Anopheles mosquitœs were suspect. 
But it became apparent that the females of many 
species of that genus seldom take human blood, 
preferring that of animals. In fact, only about 60 
of the more than 200 Anopheles species are considered 
to be significant transmitters of human malaria. 
Another early misconception was that malaria- 
carrying species bred principally in marshes and 
stagnant water. Some, such as A. labranchiae in Italy, 
are indeed marsh-breeders, but throughout the world 
there is wide variation in types of breeding places 
of malaria vector mosquitoes. 
In the first place, it is now clear that all Anopheles 

mosquitoes lay their eggs on water and that all 
develop through aquatic, air-breathing larval and 
pupal stages. The winged adults emerge 7 days or 
more after Lhc eggs are laid, usually not sooner than 
10 days and sometimes not for 2 weeks or more, 
depending on the temperature of the water of the 
breeding place. Most species of Anopheles are known 
to have preferential larva habitats where their 
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aquatic forms are most likely to be found. As examples, 
A. sundaicus larvae in Indonesia are usually found 
in coastal lagoons, A. stephensi in Bombay in wells, 
A. sinensis in South China in rice fields, A. minimus 
flavirostris in the Philippines in running water of 
foothill streams, A. maculatus in Malaya in springs 
and seepages, A. gambiae in West Africa in rain 
puddles, and A. bellator in Trinidad in the axils of 
certain tree-growing bromeliads, high above the 
ground. In arid regions, it often happens that there 
are species of Anopheles that transmit human malaria 
and that live in standing or running irrigation water 
as, for example, A. culicifacies in the valley of the 
Indus. 
Malaria has a reproduction rate that varies from 

place to place and time to time. This rate equals 
the number of secondary infections originating from 
a single primary case. It depends on such factors 
as the density, man-biting habits, and longevity 
of the local malaria-carrying Anopheles, the length 
of the developmental period of the parasite in the 
insect, and the length of the period of infectivity 
in non-immune humans. If this basic reproduction 
rate falls below 1, successive generations of malaria 
cases will be smaller and smaller and malaria will 
gradually disappear. On the contrary, if the repro- 
duction rate exceeds 1, the incidence of malaria 
will rise. 
However susceptible to malaria a local species 

of malaria-carrying mosquito may be, the insects 
cannot maintain malaria transmission in a given 
area unless the species is numerous enough to support 
a malaria reproduction rate of 1 or more. Naturally, 
the more avidly the anophelines take human blood 
and the longer the span of life during which they 
feed, the smaller will be the number of them required 
to maintain malaria transmission. So for any com- 
bination of man-biting habits and longevity, there 
is a critical density of a malaria-carrying species of 
mosquito, i.e., a certain number below which malaria 
transmission cannot be maintained. A malaria mos- 
quito such as the Madras A. culicifacies, which 
has a relatively short life and which has a 90 per cent 
preference for cattle blood, must be present in great 
numbers to maintain malaria transmission. By 
contrast, African A. gambiae in many areas has a 
relatively long life and often a 90 per cent preference 
for human blood. Therefore, smaller numbers can 
maintain transmission of malaria. In fact, a critical 
density of 0.01 for A. gambiae in West Africa maintains 
intense malaria which a critical density of 30.0 
for A. culicifacies in Madras cannot equal. 
Thus it is apparent that if the watering of arid 

lands results in the increased density of a malaria- 
carrying anopheline it m a y  bring increased malaria 
to the area. Of course, in the absence of the parasite 
there can be no transmission of malaria. The greater 
the parasite index the less the increase in the density 

of the anopheline need be to initiate or to augment 
the endemicity of malaria. In most irrigation projects 
in the tropics and subtropics the parasite is not only 
present in the local population of the oases or fringe 
communities but it is also brought in by the construc- 
tion labourers and by the farmers who come to use 
the water. With both increased vector mosquito 
density and increased parasite density, it may take 
only a short period after the opening of an irrigation 
system to establish heightened malaria endemicity, 
frequently with an initial epidemic. 

REGIONAL CONDITIONS [3, 141 

Arabian Desert region. Malaria today is highly endemic 
in Saudi Arabia wherever there is water to support 
Anopheles breeding. Such vectors as A. gambiae in 
the west and A. culicifacies and A. stephensì in the 
east do very well in irrigation water. A. stephensì 
is the most important malaria vector along the 
entire coast of the Persian Gulf, being especially 
prevalent in irrigated date-palm groves. It breeds 
in wells, ditches, seepage waters, swamps, and borrow 
pits. Historical records are meagre but there is reason 
to believe that malaria has been prevalent in the 
area for centuries wherever there have been oases, 
pools or irrigation ditches. 
Israel, Jordan, and Syria have also been highly 

malarious but today each has a malaria eradication 
programme. Israel is nearly malaria free today (as 
is also Lebanon). A. sergenti, the most troublesome 
vector, is known to be associated with irrigation 
water and fish ponds and has no doubt been respon- 
sible for malaria in the region for centuries. It is 
specially troublesome in that it feeds both indoors 
and outdoors and that it often rests outdoors in the 
daytime. Most malaria vectors feed indoors and also 
rest indoors and are thus more susceptible to attack 
by spraying of residual insecticides on the inside 
walls of habitations. 
Malaria has been prevalent in the Tigris-Euphrates 

basin for thousands of years and allusions to inter- 
mittent fevers are fairly common in Babylonian- 
Assyrian medical history. Today, Iraq has a malaria 
eradication campaign that has already reduced 
considerably the prevalence of malaria in several 
areas. But the disease has been a great problem, 
especially in irrigated areas. Among several malaria- 
carrying Anopheles, A. sacharovi and A. stephensi 
have often been associated with the irrigation of 
arid land. 

Iranian Plateaux area. Iran has also been highly 
malarious over the centuries but now has a malaria 
eradication programme that is progressing towards 
success. Among the five, or perhaps more, malaria 
vectors, A. culicifacies, A. sacharovi, and A. stephensi 
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have been especially associated with irrigation waters. 
For instance, A. stephensi, breeding in the irriga- 
tion ditches of date-palm grovcs in the Basrah area, 
has been an important. source of much malaria. 
In Afghanistan, malaria has been one of the prin- 

cipal diseases and A. culicifacies, breeding in irrigation 
water, has been a major carrier. 
Turkey has su0fered severely from malaria in Lhe 

past but has now greatly reduced the endemicity 
of ihc disease and is proceeding to eradicate it. 
One of the chief vectors, A. sacharovi, readily asso- 
ciates itself with irrigalion waters. 

Nile Valley. Historical records seem to indicate that 
malaria was not common in the Nile Delta in ancient 
times but it m a y  have been more common in the 
Upper Valley. Enlargement of the spleen and fever 
attacks with chills are mentioned in the Papyrus 
Ebers [5]. Some say that the inscription ‘A AT’, 
found on the Lemple at Dcnderah, refers to malaria. 
The principal malaria vectors in the Egyptian oases 
and the ones chiefly associated with irrigation water 
are A. sergenti and A. pharoensis. Today Egypt 
has a malaria eradication programme. 
In the Sudan, malaria is still a serious problem. 

All four of the suspected malaria vectors, A. funestus, 
A. gambiae, A. nili, and A. ru$pes, may be found 
in irrigation waters. 

South Asia. The malaria problem in India has been 
a colossal one in the past but today there is in opera- 
tion a nation-wide malaria eradication programme. 
Malaria incidence has already been greatly reduced. 
There are many references to this disease in the ancient 
medical writings of India, leaving no doubt that it 
was highly prevalent in past centuries. Of the many 
malaria vectors, A. cuZic¿facies has been the one 
of chief importance in irrigation waters. Many malaria 
epidemics due to this mosquito have followed the 
opening of new irrigation systems and undoubtedly 
irrigation waters have been responsible for a great 
deal of endemic and epidemic malaria in India. 
In West Pakistan, especially in the valley of the 

Indus, A. culicifacies, assisted by A. stephensi, has 
brought much malaria to communities adjacent to 
irrigation waters. The benefits of irrigation have 
been greatly curtailed by concomitant malaria. 

Central Asia. Malaria does not appear to be endemic 
in the Mongolian People’s Republic or in any part 
of the Gobi Desert or westwards into the Taklamakan 
Desert of Sinkiang, or in the arid lands of Asian 
USSR north of Azcrbaidzhan. The last named has 
been moderately malarious and two of its malaria 
vectors, A. maculipennis and A. clwuiger, are somc- 
times associated with irrigation waters. Still farther 
wesL in the Ukraine the chief vector is A. messeae 
which may also be found in irrigation waters. 
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North Africa and the Sahara. In Morocco, Algeria, 
Tunisia, and Libya there has been and is endemic 
malaria transmitted chiefly by A. Zabranchiae in 
coastal areas and by A. sergenti and A. multicolor 
in Lhe oases, most of which have been highly mala- 
rious. Wherever in the Sahara area water is available 
for irrigation it is also used by either A. sergenti 
or A. multicolor, or both, and the result is endemic 
malaria. 

North America. Today malaria lias been eradicated 
from the continent north of the USA-Mexican border. 
Except in the central valleys of southern California 
and along the Mexican borders of New Mexico and 
Texas, the irrigated arid lands of the USA have 
never been malarious. In California, A. freeborni, 
breeding in irrigation waters, has in the past been 
a source of considerable malaria. 

Latin America. Except for non-malarious Uruguay, 
all continental Latin American countries today have 
malaria eradication programmes and several have 
reduced the disease to a low level, to the point of 
eradication in Chile. In many, malaria has constituted 
the principal public health problem. In western 
South America, the irrigation of arid lands in Colombia, 
Ecuador, Peru, and Bolivia has often been accom- 
panied by malaria, transmitted by one or more 
of the species A. darlingi, A. pseudopunctipennis, 
and A. punctimacula. In Mexico, A. aztecus and 
A. pseudopunctipennis may be associated with 
malaria and irrigation water on arid lands. In Yucatan 
A. darlingi is also suspected. 
No records suggest that the irrigation yrojecls 

of the pre-Colombian civilizations of Central and 
South America were complicated by malaria. In fact, 
whether or not malaria existed in the Americas 
prior to the time of Columbus is debatable. The 
historian Gualberto Arcos [2] of Ecuador believes 
that malaria was rampant in the armies of the ninth 
Inca king, Pachacutec, before the landings of Colombus 
in the Americas. H e  suggests that the plasmodia 
came to the Americas from Asia, brought by the 
original migrants to the New World in very early 
times. Others, like Boyd [3], believe that malaria 
came with the European conquistadores and colonists 
and with African slaves. The question must still be 
considered as unanswered. 

Australia. Malaria is only mildly if at all endemic 
in Australia today, although in the past the disease 
occurred in Western Australia as far south as 180 S., 
in the Northern Territory as far as W a v e  Hill at about 
170 30’ S., and in Queensland as far as 190 S. along 
the coast. It seems doubtful thai, with reasonable 
precautions, malaria would complicate the use of 
arid lands in Australia in the future if in fact it 
ever has in the past. 
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IRRIGATION A N D  MALARIA [il, 121 

Many illustrations exist in recent history of how 
the irrigation of arid lands is a source of malaria : 
two of which the author has had personal knowledge 
and experience were respectively in the Sind and 
in Madras. 

For centuries people of the Sind have excavated 
canals from the Indus to convey water to their lands 
when the river level was high. If the water in the 
canals was too low to flow over the land, the farmer 
erected Persian water-wheels to lift the water into 
smaller channels which distributed it to his crops. 
The fields watered by gravity direct from the canals 
were said to have ‘flow irrigation’, while those 
supplied by wheels had ‘lift irrigation’. Only with 
moderately high river levels was there flow irrigation. 
The canals taking this water were called ‘inundation 
canals’ and they generally held water only from about 
the first of June to the end of September. For the 
remainder of the year they were dry except that 
while drying they formed a series of pools in which 
the malaria-carrying A. culicifacies bred abundantly. 
A good deal of fluctuation was usual in the river 

level and landowners had the habit of taking all 
the water they could draw while it was available, 
allowing the surplus to flood low places. These low 
areas were also flooded when high river levels sent 
excessive amounts of water into the canals. As a 
result, low places frequently contained surface water 
and were a source of A. culicifacies breeding. 
One form of cultivation was called bosi. For this 

the land was flooded to a depth of about a foot 
near the end of the inundation season and this water 
was retained on the land by small bunds. The water 
soaked into the ground and as soon as possible the 
area was planted to wheat which grew during the cold 
season without further watering. The flooded fields 
were another source of A. culicifacies breeding. 
Still another type of irrigation was the ‘Pancho 

system’ which was designed to get rid of the excess 
of salts with which the soil was impregnated. These 
salts of calcium, magnesium, potassium, and sodium 
were collectively called kallar. When the water on 
a kallar field of young rice stood for a few days 
it took up so much salt that it had to be run-off 
and fresh water run-on. This process was repeated 
many times during a crop season. The run-off water 
was allowed to flow where it would, into low-lying 
areas, into village washing places, called dhands, 
and into swamps. This water formed many breeding 
places for A. culicifacies. 

About 1850, there began a systematic effort by 
the government to control the forces of nature in 
order ihat floods might be prevented and a more 
regular supply of irrigation water provided. The 
early efforts were confined to establishing regulators 
on the old canals, deepening and straightening them, 

and supervising operations. Then, in 1923, work 
was begun on the Lloyd or Sukkur Barrage Scheme 
designed to supply water for the cultivation of some 
6 million acres of crops. The system included a 
‘barrage’ type of dam, a system of perennial canals 
and a central ‘rice canal’ which flowed from May 
to September. 
W h e n  the author visited this area in 1934 the 

barrage scheme had raised subsoil water levels and 
increased the amount of standing water in five ways : 
(a) by biinging water on to the land without providing 
drainage channels; (b) by the percolation of water 
from new canals through certain sandy sections 
of their banks; (c) by percolation of water into the 
soil of areas above the barrage, from the newly 
created lake; (d) by the abandonment and blocking 
of certain old irrigation canals, thus trapping the 
water; (e) by providing an increased amount of water 
for the ‘Pancho system’. Not only had the breeding 
of A. culicifacies been enormously multiplied, with 
consequent increase of malaria incidence, but some 
7,000 acres of farm land and 31 villages had become 
waterlogged. Malaria spleen indexes were as high 
as 90 per cent in some of the villages. 
In 1933-1934, a new irrigation scheme was con- 

structed in Pattukkottai taluk of Tanjore distric-t: 
in Madras and irrigation malaria promptly appeared, 
The author had charge of a field station set up in 
1936 to study the epidemiology and control of malaria 
in the area. With the help of an agricultural engineer, 
a medical entomologist, an agronomist, and a physi- 
cian, the subject of irrigation malaria was carefully 
investigated. The general conclusion reached was : 
‘A great deal of stress must be laid on the fact that, 
for the most part, it is not irrigaiion per se which 
gives rise to malaria but it is defective and untidy 
irrigation which, by misplacing wuter, allies itself 
with malaria-carrying anophelines, multiplying their 
breeding places. ’ 

Specific ways in which irrigation produces malaria 
were listed as follows [ll] : 
1. Defective sluice gates which permit water to flow 

when and where not required, forming pools 
and unwanted channels in which malaria vectors 
breed. 

2. Seeping canal banks through which canal water 
escapes to form mosquito-breeding pools. 

3. Borrow-pits dug to make canal embankments 
and repairs : these quickly fill by seepage, by 
water leaking from sluice gates, by flow from 
minor channels, and sometimes by rains, and 
they make excellent mosquito nurseries. 

4. Defective distributing chambers which send water 
in directions not indicated by requirements so 
that mosquito-breeding pools are formed : such 
chambers may actually block the flow and cause 
ponding. 

5. Excessive supply of water frequently seen in 
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the canals, above the amount they were designed 
to carry and considerably more than is required 
by Lhe farmers : this causes a great deal of mos- 
quito breeding directly, along canal banks, and 
indirectly, by pools and irregular channels. 

6. Improper delivery of water, for example, into 
a roadway or roadside ditch, or into an open 
uncullivated field, or a village square, to form 
mosquito-breeding places. 

7. Improperly maintained canal banks which through 
scouring or vegelation provide shelter for anophe- 
line larvae. 

8. Improperly maintained canal beds so that Lhe 
current is too sluggish and permits more breeding 
or so that many mosquito-breeding pools appear 
at the end of the irrigation season. 

9. Absence of any planned or controlled system 
of field channels : when water leaves the dis- 
tribution channels it passes beyond any juris- 
diction of government; the farmers send it where 
and when they please and it finds its own way 
into any convenient low-lying places; this is 
a prolific source of mosquito breeding. 

10. Insufficient number of bridges across canals, 
so that villages are isolated from main roads : 
of course, canals must be crossed and this causes 
serious breeching of canal banks with nearby 
ponding of water, thus causing mosquito breeding. 

11. Absence of drainage canals: this is invariably 
a menace not only to the health of the community 
but to the land itself; water-logging due to lack 
of drainage is a source of many evils. 

12. Culting off and leaving sections of old canals 
which happen to be in the way of new ones; 
these sections become elongated ponds, often 
breeding malaria-carrying mosquitoes. 

13. General untidiness : here a pipe is missing, there 
a bridge was forgotten; here is a leaky gale, 
there a defective distributing chamber; here a 
small section of canal was never dug, there two 
channels do the work of one; here a bathing 
ghat should have been built, there cattle protection 
is required. 

Waste irrigation water is an agreeable sight to 
entomologists collecting mosquitoes and, as noted 
below, to malacologists collecting snails. But to the 
irrigation engineer it represents failures in water 
distribution, with wastage of an expensive commodity; 
to the agronomist it suggests higher water-rates 
and more waterlogged land; to the health officer 
it means more malaria and, as explained in the 
next section, often more schistosomiasis. The history 
of land use in arid regions holds many instances 
of public health tragedies due to defective and untidy 
irrigation practices. 
That irrigation is a source of malaria has been 

clearly observed for many years. Recent examples 
have occurred in India, Mesopotamia, Egypt, and 

elsewhere. Sometimes malaria has been simply a 
nagging nuisance, reducing the expected dividends 
in human welfare, but at oiher times irrigation 
malaria has done severe damage to a community. 
The extent to which malaria contributed to the 
failure of irrigation systems in ancient times can 
only be conjectured since specific historical records 
on this point do not exist. 
For instance, what part did malaria take in the 

decline of prosperity and the eventual failure of 
irrigation agriculture in the once great Fertile Cres- 
cent? N o  doubt remains that in ancient Mesopotamia 
there were vast irrigation projects supporting thriving 
communities for centuries. But for some reason 
these irrigation systems decayed and the civilization 
dependent upon them disappeared. 
Competent observers, such as Jacobsen and 

Adams [6], have made it clear that progressive 
changes in soil salinity and sedimentation associated 
with the irrigation systems probably were prime 
factors in the break-up of these Mesopotamian 
civilizations. These fatal changes came about through 
over-irrigation and failure to provide proper drainage 
and sufficient maintenance. As Jacobsen and Adams 
point out, ‘wilh conditions of social unrest and a 
preoccupation on the part of the political authorities 
with military adventures and intrigues, the main- 
tenance of the system could only fall back on local 
communities ill-equipped to handle it’. 
Is it not likely that malaria, too, was an important 

factor in the failure of ancient Mesopotamian irrigation 
schemes that were so successful at first and such 
utter failures in the end? Historical records make it 
certain that the disease was endemic in the area 
in ancient times and there is no reason to believe 
that the epidemiology of malaria then differed 
essentially from that seen today. One can logically 
assume that the same Anopheles malaria vectors 
were present and that they found irrigation water 
as agreeable for their breeding places as they do today. 
The progressive changes named above probably 
increased the vector mosquito incidence. Demonstra- 
tions in the area in modern times make it clear 
that the poorer the drainage, the more the over- 
irrigation, and the less the maintenance, the larger 
the output of malarial mosquitoes and the higher 
the incidence of malaria, with its well known anaemia- 
producing and debilitating effects. Incantations and 
sacerdotal hygiene could not have been very effective 
measures of malaria control. 
A point to be emphasized is that, as a rule, the 

more intensive the cultivation of land and the more 
careful the use of irrigation water the lower will be 
the incidence of malaria. Malaria-carrying mosquitoes 
thrive in water collections created by untidy irrigation 
practices. Very likely, when the civilizations of the 
Euphrates and Tigris, as well as those of the Indus 
and Nile basins, were flourishing the irrigation 
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systems were well maintained, with careful attention 
to the canals and to the conservation of water. 
But when the irrigation systems began to be neglected, 
no doubt malaria began to increase. This sort of 
phenomenon in modern times sets off a ‘chain- 
reaction’ : the more neglect+the more malaria+ 
the more neglect. 
Community progress is possible in Lhe presence 

of endemic malaria, as witness the history of the 
Upper Mississippi Valley in the eighteenth and 
nineteenth centuries [il. At that time and place 
other factors had sufficient power to drive the people 
ahead to more and more intensive development of 
agriculture and industry in spite of their ‘chills and 
fever’. This led to a decline in malaria incidence. 
Communities served by an irrigation system m a y  
be plagued by malaria and yet the system m a y  
for a time bring net gains to the people if sufficient 
diligence and supervision is somehow maintained. 
This was probably the situation in the first centuries 
of the great irrigation civilizations of Mesopotamia. 
But there is a nice balance to consider. The chain 
reaction is always a potential threat if the scales 
become weighted, for example, by social unrest or 
wars. 
One would not maintain that malaria has ever 

been the sole or even the major cause of the decline 
of a civilization, although such a claim has been 
made as regards Greek, Roman, Singhalese, and 
certain other civilizations. But that malaria at times 
has been an important factor in the complicated 
equation of civilization decay cannot be doubted. 
Very likely this was true in ancient Mesopotamia 
and one has the uncomfortable feeling that in this 
respect history could some day repeat itself, unless 
the current malaria eradication programmes can be 
put through to a successful conclusion. 

B IL HARZIAS IS (S CHIS TO SO MI AS IS) [4] 

Certain schistosomes or blood flukes cause a wide- 
spread disease known as bilharziasis or schistoso- 
miasis: which is frequently associated with the 
irrigation of arid lands. The parasitic schistosome 
worms require fresh-water snails for one stage of 
their development. Only certain species of snails 
are suitable. If such snails are found along the banks 
of streams or ponds or irrigation channels in countries 
where sanitation is poor, schistosomiasis is likely 
to be endemic. The incidence of the disease is increas- 

Three species of schistosomes are important 
parasites of man. Two cause intestinal and hepatic 
disease : Schistosoma japonicum in Japan, China, 
Formosa, the Philippines, and in the Celebes of 
Indonesia; and S. mansoni, in Arabia, the Nile 
Delta, Sudan, East, West and Central Africa, Mozam- 
bique, Madagascar, north-eastern Brazil, British and 
French Guiana, Surinam, Venezuela, and the West 
Indies. The third schistosome causes vesical or 
bladder disease : S. haematobiurn, found in most 
of Africa including the entire Nile Valley and Mada- 
gascar, Arabia, Iraq, and the Middle East, with 
small foci in Portugal, Cyprus, and Bombay State 
of India. Several other species of schistosomes have 
minor importance, e.g. S. intercalatum, found sporadi- 
cally in the ex-Belgian Congo. 
The sexually mature schistosomes, which vary 

in length from about 7 to 26 mm. and in width from 
about 0.3 to 1 mm. and have the appearance of 
elongated threads, live in the mesenteric and portal 
veins and, in the case of S. haematobium, in the 
pelvic veins of the human host. Here are deposited 
their eggs, characteristic for each species, measuring 
from 70 to 170 microns in length and from 40 to 
70 microns in width. They are excreted by the host 
in the urine (S. haematobiurn) or faeces (S. japonicum 
and S. mansoni). The eggs hatch in fresh water, 
each liberating a minute larva called a ‘miracidium’. 
The miracidia swim about for some 16 to 24 hours 
and then die unless they come into contact with 
an appropriate snail. If so, they infect the snail 
and undergo an essential developmental stage in 
the mollusc, lasting some 4 to 8 weeks. In the snail 
the miracidia develop into sporocysts within which 
thousands of larvae called ‘ cercarias’ develop. The 
latter are fork-tailed larvae and are discharged into 
the water by the snail in daily broods. The cercarias 
swim about vigorously, tail first, for 24 to 72 hours 
without feeding and they die if they fail to contact 
their definitive host which as a rule must be m a n  
in S. mansoni and S. haematobium, and is often 
man in S. japonicum but m a y  also be dogs, cats, 
rats, mice, cattle, water buffaloes, pigs, deer, or 
horses. 
When the cercaria contacts the skin it is able 

to cling to it and fairly quickly to penetrate through 
into subcutaneous tissue. Entering the venous 
circulation, cercarias are carried through the right 
chambers of the heart to the lungs; thence, after 
squeezing through the pulmonary capillaries, they 
are carried through the left chambers of the heart 

ing and is estimated to exceed 150 million cases into the systemic circulation, many being destroyed 
throughout the world, thus constituting a major on the way. The worms that reach the intrahepati,c 
public problem [19]. While human schistosomiasis portal circulation via the mesenteric artery and 
is of primary concern, snail-borne fascioliasis and 
amphistome infections in 1. The International Commission on Zoological Nomenclature ruled in 1954 
importance in some areas, such as in India and that the generic nnme of humnn blood flukes is Schiatosoma weinlond, 

1858. Hence m n n y  nuthorities prefer to use Yïhistosominsis for thc disenso. Southern Rhodesia. But the Commission rccommcnded the use of the older nnme, bilhnrzinsis. 

is Of increasing 
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capillaries, proceed to feed and grow and, in about 
2 weeks, to migrate into the mesenteric venules. 
There the worms mature and mate and the females 
begin to lay eggs. The biologic incubation period 
for S. japonicum is 4-5 weeks; for S. mansoni, 
6-7 weeks; and for S. huernatobium, 10-12 weeks. 
The diagnosis of schistosomiasis depends on finding 
the characteristic egg in Lhe faeces or urine. 
The symptoms and signs of schistosomiasis caused 

by S. japonicum and S. mansoni are much alike. 
During the incubation period there is often a skin 
rash and characteristic diarrhoea with liver enlarge- 
ment and tenderness, variable fever, and sometimes 
lung disturbances. During the period of egg laying 
and extrusion there is typical dysentery with frequent 
bloody stools, liver and spleen enlargement and 
tenderness, often rectal lesions and other even more 
serious complications. In the final period of tissue 
reaction and repair, various lesions such as intestinal 
papillomata, ulcera tion and fistulas m a y  develop. 
The spleen and the liver arc often greatly enlarged, 
there is usually serious diarrhoea, and there m a y  
be ascites and other major disturbances. 
In S. haematobium infections the urinary sys~em 

is involved and there are often serious lesions of 
the bladder, ureters, and other organs, with fever 
and general distress. Bloody urine is a usual sign. 
In uncomplicated cases there is usually no diarrhoea 
or dysentery in S. haematobium infections. 
During the incubation period the symptoms and 

signs of bilharziasis are due chiefly to toxic products 
of the worms and to allergic rcactions. In the egg- 
laying period the extrusion of the eggs causes various 
tissue damage with consequent bleeding and distress. 
Gradually, cellular reactions tend to block the eggs 
and to cause fibrosis of the affected organs. This 
impairs functional activity of the liver and intestines 
or of the urinary system. Bacterial infections of 
damaged tissues m a y  cause abscesses and fistulas. 
With modern treatment in uncomplicated cases the 
chances of avoiding death are quite good and in 
early cases full recovery may be expected. But as 
the disease becomes chronic, vital tissues are destroyed 
and in advanced cases the prognosis is hopeless. 
Modern treatment of early cases of schistosomiasis 

is quite effective and may result in some 80 per cent 
cures. But the trealment of chronic cases is less 
satisfactory. 
H u m a n  infection with S. mansoni and S. haema- 

tobium is derived from water pollution from human 
sources. But S. japonicum infections may be derived 
from water pollution not only by humans but also 
by various mammals subject to Lhe infection, as 
noted above. In some countries, human faeces and 
urine commonly pollute water in which appropriate 
snails live. Extensive use of raw human excreta 
for fertilizing garden and field crops greatly increases 
the chances that snails will be inkcted. Untreated 

sewage from houses in endemic areas emptying into 
streams may add to the danger. 
Thc molluscan hosts in some cases can survive 

several months without being in water, meanwhile 
conserving the in€ecLive schistosome larvae. Eggs 
of S. japonicum have been found LO remain viable 
for almost three months under winter conditions 
in Chinz. 
In Egypt and the Middle East, Puerto Rico, 

Brazil, and elsewhere, irrigation ditches have been 
an important source of infection in farmers who 
wade in the channels in the course of their work. 
Bathing and washing clothes are other ways of 
becoming infected. In some areas schistosomiasis 
is spreading, as appropriate snails are carried from 
infected foci into new irrigation projects. If a single 
snail is introduced into a favourable habitat iL is 
possible, owing to exceptional reproductive capacity, 
to have a flourishing snail colony in about 40 days 
and transmission of bilharziasis in about 60 days. 
Snails may be carried by canal flow, on plants, 
by birds, or in other ways. Perennial irrigation from 
high level canals seems more likely to extend the 
range of schistosomiasis than does alternate flooding 
and drying. Children playing in cercaria-infected 
water are common victims. Neither sand filtration 
nor aluminium sulphate clarification will rid an 
infected water supply of cercarias. But chloramine, 
sodium hypochlorite, and gaseous chlorine will kill 
cercarias. 
Schistosomiasis cannot become endemic in an 

area unless the appropriate molluscan intermediate 
host is present. In the case of S. japonicum, snails 
of the genus Oncomelania seem to be required, e.g. 
O. nosophora in Japan. S. mansoni uses the genus 
Biomphalaria, e.g. B. boissyi in Egypt; also the 
genus Australorbis e.g. A. glabratus in the West 
Indics; and also perhaps some oíher genera. S. haema- 
tobium prefers the genus Bulinus, e.g. B. truncatus 
in EgypL; also t’ne genus Physopsis, e.g. P. africana 
in West Africa, and perhaps others. All of these 
schistosome-carrying snails are small in size, averaging 
1.0 to 1.5 cm. in length and 0.4, to 1.2 cm. in width. 
Their life span may be as long as 4-5 years. Malaco- 
logists stress the need for clarification of snail taxo- 
nomy and for much more information about snail 
bionomics. 
Schistosomiasis haematobia has probably been 

common in Egypt for several thousand years. Bloody 
urine was mentioned at least fifty times in Egyptian 
medical papyri and no doubt was ofien the result 
of schistosomiasis. There is no doubt at all about 
the characterislic, although calcified, eggs of S. haemu- 
tobium found in the kidneys of two mummies of 
the Twentieth Dynasty (1250-1000 B.C.) by 
Ruffer [lo]. During Napoleon’s campaigns in Egypt, 
1799-1801, many of his soldiers suffered from this 
form of schistosomiasis, 
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Assyro-Babylonian medical literature menlions a 
disease attributed io a worm and accompanied by 
bleeding from the urethra. This was probably a 
S. haematobiurn infection [5]. N o  clear proof is 
available of the existence of schistosomiasis in ancient 
times elsewhere in Africa or in the Middle or Far 
East, or in the Americas. The disease was first recog- 
nized in modern times by Fujii in Japan in 1847 
and schistosome eggs were first found in excreta 
by Kasai in 1903. Adult worms of S. japonicicm 
were first found by Fujinami early in 1904 and 
later in the year by Katsurada who named them. 
The life cycle of S. japonicum was worked out by 
several Japanese scientists between 1909 and 1914. 
S. haemato bium worms were first recovered by 

Theodor 14. Bilharz, professor of zoology in Cairo, 
in 1851 and named by him in 1852. The eggs were 
first identified by Harley in Natal in 1864. Leiper 
in 1915 differentiated S. haematobiurn 2nd S. mansoni 
infections in Egypi and showed that the worms 
and eggs for each species were characteristic. H e  
also proved that each had ils preferred genus of 
snail host. S. mansoni W B S  named by Cambon in 1907. 

IRRIGA TI O N A N D  S C Ji I S TOS O M  I AS IS 

That there is a direct relation between irrigation 
and schistosomiasis [9] has been known for some 
time. The Joint OIHP/WHO Study-Group on Bilhar- 
ziasis in Africa [7] in its first report stated that: 
‘ The introduction or development of irrigation 
schemes, as well as the change from basin to perennial 
irrigation, has always resulted in a considerable 
increase in the incidence and intensity of bilharziasis 
wherever that infection existed or was introduced 
by outside labourers. The severity of the infection 
may be such as to cause the abandonment of an 
irrigation system created at considerable expense. ’ 
The Executive Board of the World Health Organiza- 

tion (WHO) at its fifth session (January 1950) adopted 
the following resolution : 
Considering the danger to health entailed by the establish- 
ment of irrigation schemes in areas where bilharziasis is 
present, if the necessary sanitary precautions are not taken 
at all stages of the development of the schemes, 

Requests the Director-General 
(a) to call the attention of governments and of the 

appropriate bodies and specialized agencies of the United 
Nations interested in irrigation to such danger and to the 
safeguards recommended by the Joint OI€IP/WHO Study- 
Group on African Schistosomiasis; and 
(b) to make appropriate arrangements to provide the 

said governments and organizations with the technical 
advice which they may require. 

Lanoix [9] points out that: 
In spite of the importance of the relationship between 
irrigation engineering and agricultural practices and the 

spread of bilharziasis, very little effective action has been 
taken in the past by either public health or publie works 
authorities in most countries affected. In fact, very little 
is known today of several aspects of snail ecology and of the 
effects of irrigation factors on the growth, survival and 
multiplication of disease-carrying snails. On the other hand, 
irrigation engineers are generally not trained to understand 
and take into consideration the health aspects of irrigation 
sehemes, in spite of the fact that they aim at increasing the 
welfare and economic level of the whole population. 

Lanoix quotes from the 1953 annual report of 
the Department of Health of Southern Rhodesia as 
follows : 

Despite continual advice given by the Health Department, 
irrigation schemes are planned and developed without due 
consideration of the health aspects. There is absolutely no 
doubt that every irrigation area in the Colony will become 
infested with vector snails which will eventually become 
infected with bilharziasis unless the danger is realized at 
the outset, and plans for prevention made. The statement 
has been made before, and must be made again, that large 
scale irrigation schemes may well wreck the health of the 
country and bring the most grandiose schemes to a pitiful 
end. So many people see only the economic advantages of 
irrigation, and refuse to recognize the great disadvantages 
inherent in such schemes if adequate precautions are not 
taken from the outset. 

Lanoix quotes the director of health as stating that 
one of the first irrigation schemes established in 
Southern Rhodesia after World W a r  II has been 
a complete failure and is now largely abandoned 
because malaria and bilharziasis were left out of 
the preparatory calculations. 

Khalil [û] gives an example in Egypt in connexion 
with the scheme for the perennial irrigation of four 
areas in the Quena and Aswan provinces of Egypt. 
Quoting from Lanoix : 

Irrigation engineers disputed this relationship for some 
time, until conclusive evidence developed when these areas 
were carefully surveyed, three years after the introduction 
of irrigation. The following increase in bilharziasis prevalence 
was noted : 

Percentage of popdation infected 
1934 1937 

Sibaia 10 44 
IGlh 7 50 
Mansouria 11 64 
Binban 2 75 

Since the erection of the Aswan D a m  and the introduction 
of perennial irrigation into most of the provinces of Egypt, 
bilharziasis has spread out and the health and mentality 
of the individuals has deteriorated. 

Watson [18], referring LO Iraq, wrote: 
The vast new irrigation schemes that have been planned 
and are in some cases already under construction (November 
1950) will, however, inevitably add to the extelit and gravity 
of the problems of bilharziasis in Iraq. The enormous areas 
of barren but potentially fertile land which will thus be 

371 



Históry of land uso in arid regions 

brought under cultivation in the central and southern pro- 
vinces will certainly become bilharzial endemic areas unless 
adequate stcpe are taken to prevent the spread of snails 
into the new irrigation systems and to stamp them out 
rapidly whenever they appear. 

An estimated 20 per cent of the population of 
Iraq is now infected with bilharziasis. 
Van der Schalie [I71 also emphasized the fact 

that schistosomiasis in some areas is spreading 
rapidly. H e  commented that : 

It is important to note that in Egypt more than half the 
population, or an estimated 15 million people, have intestinal 
or vesicular schistosomiasis or both. Under present conditions 
of sanitation, education and medical treatment, the only 
hope of alleviating this serious situation lies in the control 
of the vector snails. . , . Wherever the system o£ drainage has 
been changed from basin to perennial irrigation, the human 
incidence of schistosomiasis has increased from about 6 to 
60 per cent or more. At present there are various schemes 
in Egypt for converting large areas to perennial production. 
The spread of schistosomiasis in these regions may well cancel 
many of the benefits envisioned by those who ignore the 
threatened increase of this debilitating disease. 

Van der Schalie also refers to a similar spread 
of schistosomiasis in the Sudan and Iraq and to 
the imminent danger of damage to the health of 
the inhabitants of areas it is now planned to 
irrigate. 
Stagnant and slow-moving water, with associated 

water plants and muds rich in decaying matter, 
is often found to be the habitat of schistosome- 
carrying snails. For this reason improperly maintained 
banks of reservoirs, channels with water flowing at 
too slow a velocity and with poorly maintained 
banks and bottoms, and misplaced irrigation water 
lying stagnant in low-lying places often provide 
dangerous snails with the environment they prefer. 
Large canals with briskly moving water are not 
so often suitable for snail breeding but the unlined 
smaller channels are often infested with snails. 
Frequently, the snails are most common in that 
part of an irrigation system nearest a community 
and thus most often polluted by human excreta 
as well as most often the source of infections. Weed 
growth in irrigation channels is especially apt to 
provide snail-breeding places. 
Methods of snail prevention and control include : 

removing vegetation from banks and shallow margins 
of reservoirs and channels: varying the water levels; 
cleaning, regrading, and straightening channels ; 
íiushing, draining, and the lining of channels with 
hard-surface materials that do not require a covering 
of earth. In some areas, concrete pipes instead of 
open .channels have been found feasible not only 
to control snail breeding but to provide certain 
practical advantages as regards the use and conserva- 
tion of water. 

Snail destruction is still not a very rewarding 
approach to the problem. Such measures as netting 
out the snails and putting into the water certain 
predators and snail-killing bacteria have been tried 
with varying degrees of success; also using such 
chemicals as recently slaked lime, copper sulphate, 
sodium pentachlorophenate (Santobrite) and dinitro- 
o-cyelohexylphenol have all been tried, occasionally 
with considerable success. But much more study 
is required for the development of snail control 
measures. 
Most important is the fact that the snails in 

question are harmless to m a n  in the absence of 
schistosomes. If the eggs are kept out of the water 
the snails cannot become infected and obviously 
cannot transmit the disease. Hence the prevention 
of water pollution is of very great importance. Longer 
ripening of nightsoil, adding such fertilizers as ammo- 
nium nitrate to the nightsoil to kill the schistosome 
eggs, providing sanitary conveniences such as latrines, 
public baths, and laundry tanks, more effective 
publie health education, must all be considered. 

Other health hazards. Other health hazards m a y  
arise from irrigation besides the major ones of 
malaria and bilharziasis described above. For example, 
irrigation waters have been shown on occasion to 
spread the pathogens of various bacterial infections, 
diarrhoeas, cercarial dermatitis, guinea worm, polio- 
myelitis, and possibly histoplasmosis. Anthrax orga- 
nisms are also spread in this way [16]. 
Finally, it requires emphasis Lhat bilharziasis, like 

malaria, is a debilitating disease and debility is not 
conducive to good farming. The practice of irrigation 
agriculture in particular requires industrious and 
healthy farmers. Thus, throughout history malaria 
and bilharziasis have interfered with the use of 
arid lands. Today these two diseases harass irrigation 
farming in many areas. Moreover, as suggested 
above, there is a crucial chain reaction that in some 
instances has contributed to the virtual abandonment 
of an irrigation system: the more debility, the less 
canal maintenance, therefore the more Anopheles 
mosquitoes and the more snails transmitting more 
malaria and more bilharziasis, thus leading to more 
debility, and so on. This is the most important 
health factor in the history of land use in arid regions. 

CONCLUSION 

Obviously, much more co-operation is needed between 
irrigation and public works engineers and public 
health officers, The governor or cabinet minister 
who has the final responsibility of authorizing an 
irrigation system in his country will be well advised 
to exert his full authority in this vital matter and 
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to insist that such co-operation be early, active for the communities involved in a proposed irrigation 
and continuous. Only then will effective consideration system. The ancient history of land use in arid 
be given to ways and means of preventing and regions suggests and recent history has demonstrated 
controlling snail and mosquito breeding and of the great importance of the direct relationship 
establishing concomitant sanitary water supply, between irrigation waters and public health. 
waste disposal, bathing, and laundering facilities 

Part II: OTHER PUBLIC HEALTH PROBLEMS 
bY 

JACQUES M. MAY 
American Geographical Society, New York 

Disease is a maladjustment between a living thing 
and the milieu in which it lives. Thus to produce 
this maladjustment two orders of factors will be 
at work : those arising from the environment which 
are physical and biologic in nature, and those arising 
from the host which are genetic in nature. In this 
general framework, medical problems that history 
has shown to be connected with human settlements 
in arid zones arise from three sources : the challenges 
of climate on man’s physiology, e.g., heat stroke; 
the challenges of other living things sharing the 
same ecological niche on man, e.g., trachoma; the 
challenges on man that result from his efforts, 
successful or inadequate, toward controlling the 
environment in which he finds himself, e.g., malaria 
and schistosomiasis (discussed in Part I of this 
chapter), and dracontiasis and nutritional disorders, 
mentioned here. 
The study of the past has little more to offer to 

the student of public health problems in arid zones 
than broad indications. The effects of climate have 
for long been confused with the action of the living 
things that grew under its influence. Coincidences 
have been mistaken for correlations, diseases mistaken 
for one another, recording of medical events has 
usually proved to be fractional and sketchy. Few 
if any of the diseases found in arid zones cannot 
be found in other areas. 
While the study of the past is somewhat disappoint- 

ing, it leaves, however, no doubt that the exploration 
of the arid zone frontiers will confront m a n  with 
new clíallenges to which his organism will or will 
not adjust. This risk is the price to be paid for the 
creation of new settlements and new resources. 

THE CHALLENGES OF CLIMATE 
ON MAN’S PHYSIOLOGY 

Lee [34] has pointed out the many difficulties that 
arise when an investigator looks for ‘ correlations 
between easily recognizable disturbances and easily 
recorded climatic events’. H e  remarks that such 
correlations cannot prove anything on the direct 
action of climate on man, only coexistence. However, 
the so-called statistically collected climatic events 
represent most certainly only a small part of the 
climatic disturbances that really take place. It can 
be easily predicted that unknown forces such as 
cosmic rays, radiations, radioactivities and others 
will be found to be present in arid zones, as elsewhere, 
in significant quantities, each geographical area 
having its own particular endowment of such forces. 
In 1950 the present author endeavoured to list 

the various physical factors that might play a part 
in the occurrence of disease, and tried to correlate 
the knowledge available at the time with a selected 
list of pathological complexes. Needless to say that 
the correlation resulted in an impressive number 
of question marks. 
These factors included luminosity, nebulosity, 

barometric pressure, temperature, winds, radiation, 
rainfall, humidity, dryness, terrestrial magnetism, 
static electricity, ionization of the atmosphere, soil 
conditions. This long list did not certainly begin to 
cover the multiplicity of unknown factors that are 
bound to in%uence man’s settlement in arid zones. 
Taking some of these factors analytically, either 

singly or in combination, a very small body of 
knowledge has been gathered. While most human 
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beings feel comfortable between dry-hi1113 Lenipera- 
tures of 240 C. and 300 C. the reasons for the discom€ort 
that is experienced below or beyond thcsc liiniLs 
by the majority o€ human beings are not known. 
To be sure, the extreme effects of this thermal strain 
have been observed, but the bio-physiological explana- 
tion is only partially unders tood. 

M a n  like other horncostatic animals adjusts to 
heat mainly through radiation, convection and 
evaporation. In these mechanisms, sodium chloride 
and urea play an important role as do other electro- 
lytes, and genetically conditioned physiological, 
individual characteristics. Malfunction of one or all 
of these systems m a y  lead to one or several of the 
following clinical conditions. 

Heat is one of the climatic factors causing some 
well known clinical conditions especially encountered 
in the past in the dry tropics. 

H E A T  STROKE O R  H E A T  FEVER 

This condition can manifest itself by subacute or 
acute symptoms. In the subacute form, the onset is 
insidious and there is an almost apyrexial period 
of increasing derangement of the body chemistry 
with a final phase of high fever. The patient complains 
of fatigue, headache, nausea, even vomiting, giddiness 
and insomnia. There is frequency of micturition and 
the patient becomes irritable. Signs of dehydration 
appear, the chloride in the urine drops to below 
normal. This m a y  last a week or a little longer, 
according to the treatment instituted. 
In acute heat stroke the breakdown of the defence 

mechanism against heat is quite sudden. An appa- 
rently healthy m a n  is affected and very soon after 
the onset of excitalion and delirium, he falls uncons- 
cious and sinks into a coma. In certain cases, convul- 
sions have been reported; the skin becomes absolutely 
dry, the face congested, and the muscles rigid. The 
heart beats quickly and the blood pressure is low; 
the rectal temperature rises to 4'10 C. or 420 C. Even 
460 C. has been reported at the time of death. 

H E A T  EXHAUSTION 

The onset is marked by giddiness and general fatigue, 
the pulse is rapid and weak, the temperature rises 
to 380 C. then to 4'00 C., usually the condition, if 
treated at this stage, does not become worse and 
health may be restored. Less often, the patient 
sinks into drowsiness, the heart quickens and the 
blood pressure drops. This heat exhaustion seems 
to be the result of a circulatory deficiency and is 
caused by the transfer to the surface of too peal 
a volume of blood. If the condition is recognized, 
it; is benericial to increase the circulation of oxygen 

by inhalation and to reduce the superficial vaso- 
dilaLalion by cold aspersion or cold baths. 

H E A T  CRAMPS 

The condition is characterized by spasmodic contrac- 
tures of certain muscular groups especially the 
flexocligitorum. Sometimes, too, the muscles of the 
abdomen become rigid, simulating an acuLe abdominal 
condition. Usually these contractures are spasmodic, 
lasting two or three minutes, only to relax and 
start again a few minutes later. These cramps are 
sometimes extremely painful, and under their influence 
the pupil of the eye dilates and the heart beats more 
quickly. Such patients should be taken care of at 
once. The pathogenesis of the condition seems to 
be dehydration with the lowering of chloride ions 
and sodium ions in the plasma, an absence of chloride 
in the urine, and a concentration of proteins in the 
serum. 

The hot winds (sirocco) that blow over dry areas 
are said by the folklore to cause discomfort in 
predisposed people-no adequate study exists of 
this phenomenon-but winds have an important 
mechanical action especially in arid areas where 
the soil is broken into sand. Considerable amount 
of dust is moved about whic is inhaled, eventually 
reaching the blood stream. The effects of these 
aerosols while as yet not accurately measured, can 
be neither minimized nor ignored. Again they will 
vary with a large number of other factors such as 
the chemical nature of the dust and the genetic 
constitution of the host, but it is safe to assume 
that certain particles of sand will create microscopic 
lesions in the mucosa of the respiratory system 
through which the intrusion of inanimate or animate 
things in the internal environment will be facilitated. 

Entering now the world of speculations, w e  may 
remember that there is evidence that cosmic rays 
do interfere with human-built electronic apparatus 
as has been observed on several occasions. It would 
be unreasonable to assume that the electronic 
exchanges that occur in the economy are not influenced 
by such little-measured elements as cosmic rays 
and other radiations. A special study of their varia- 
tions in arid zones in the context of the physical 
environment of these areas has yet to be made. 
In addition to the physiological effects of the 

arid climate, the importance of its psychological 
effects cannot be minimized. Under natural conditions 
a complete change in outlook on life in unacclimatized 
pcoplc occurs. It has oftcn resulted in a greater 
desire to separate oneself from reality than when 
m a n  is left in tbe environment to which he is accus- 
tomed. This may result in drug ad-diction, and 
especially alqolidism. There.is loss of monta1 initiative, 
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a blurring of the sense of accuracy in reporting, In Australia, the disease is common in the Western 
and a need for greater concentralion than that and Northern Territories around Darwin and Alice 
required LO produce an identical performance in a Springs. It was at one time common in the UniLed 
less demanding climate. States in the fio-called ‘trachoma belt’ which included 

most. of the Western States in the Dust Bowl area. 

THE CHALLENGES OP OTHER LIVING 
TINHGS ON MAN 

The arid environment may determine the occurrence 
of disease because it supplies an ecology that is 
adequate for the breeding of certain agents, vectors, 
or intermediate hosts. From the long list of such 
maladjustments trachoma and the cutaneous form 
of leishmaniasis have been selected as being the 
most significant. 

T R A  C Fi O iV A 

Trachoma, also called granular conjunctivitis, is 
a chronic disease of the conjunctiva and cornea; 
it is the result of an infection of the submucosal 

In recent years the disease seems to be controlled 
even among the Indian population. In Mexico, 
trachoma is found in the State of Sonora. It is reported 
in Chili and in certain territories of Brazil. While 
mostly prevalent in the dry areas of the tropics it 
is also found in the humid tropics. 
Not only climatic factors but also biological and 

organic factors are of importance. The viral agents, 
Chalamydozoa trachomutìs and C. oculogenitale, are 
usually associated with other micro-organisms that 
play an important role in the severity of the disease. 
It is even believed that if it could remain free from 
secondary infections, trachoma would be a mild 
infection. Most common among the agents combining 
their action to that of the trachoma virus are Moraxella 
Zacunata, the Koch-Weeks bacillus and Haemophilus 
ìnjhenzae. Pneumococcus and gonococcus bacteria 
m a y  in certain cases also add their action to that 

tissues by a virus whose presence together with of the trachoma virus. The role of flies in its trans- 
other infective agents results in scars involving mission may not be insignificant, though it seems 
considerable damage to the vision apparatus. It is likely that their role is purely mechanical. The fly 
an important cause of blindness and is a major may increase the seriousness of the infection because 
public health problem in vast areas, predominantly it carries agents of bacterial conjunctivitis. A number 
in Lhe arid and semi-arid zones. The number of of cultural factors, such as ritual ablutions, increase 
people suffering from trachoma is estimated at 
300 million, while approximately 6 million children, 
women and m e n  are blind as a result [3]. While 
the direct influence of the climate on the dislribution 
or severity of trachoma is not well known, there 
seems to be no doubt that the combined effects of 
‘low humidity, wind and dust, could cause intense 
hyperaemia of the conjunctiva and play an imporlant 
role in converting the comparatively benign, uncom- 
plicated trachoma into the terrifying disease it 
can be’ [2]. The disease is known to be particularly 
severe in North Africa, India, some parts of China 
and Australia where dust and sand storms are 
frequent. Freyche says that it is, however, not 
certain that all kinds of dus1 have the same effect. 
Workers in the phosphate mines of Morocco where 
the dust is intense seem almost. free of the disease. 
In Tunisia, from 40 to 50 per cent of the population 

is said to be infected, and in Algeria almost 1 million 
people are trachomatous. The prevalence in all 
African countries increases from north to south. 
It is widespread in the Union of South Africa among 
the Bantus, in the Transvaal along the Limpopo 
River and in various areas of the French Community 
Republics of West Africa. 
In Asia, China is one of the most ancient and 

most heavily infected foci in the world. In India, 
the most infected States are Rhajastan, East Punjab, 
some areas of UtLar Pradesh and Madhya Pradesh. 

the spread of the disease, especially where water 
is scarce and when many people use the same ponds 
for this religious practice. The crowding that occurs 
in the oases and villages of the arid zones is also 
an important cultural factor in enhancing the spread 
of the disease. 

CUTANEOUS LEISHMANIASIS 

Cutaneous leishmaniasis is a very ancient disease. 
It seems to have been recorded as far back as biblical 
times. It is characterized at the beginning by an 
itchy, subcutaneous papule which soon ulcerates 
and is covered by a scab. W h e n  this is detached, 
a shallow ulcer is revealed that very soon becomes 
secondarily infected. The agent, Leishmania tropica, 
can be transmitted by direct contact or by a sandfly 
of the genus Phlebotomus. The Phlebotomi are very 
sensiLive to the effects of the climate and need a 
constant temperature of around 26.50 C. to survive. 
N e w  cases of Oriental Sore crop up at the end of 
the summer. It has been noted Lhat the species of 
Phlebotomi that are vectors of Leishmania tropica 
can withstand dryer climates than the species carrying 
L. donovani, agent of visceral leishmaniasis (kala-azar). 
TWO forms of Oriental Sore are known: a dry type 
essentially urban, and a moist type essentially rural. 
Wild rodents such as gerbils are known to play a 
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role in the transmission of the latter in Asia, 
The disease is not confined to arid zones but it 

is more prevalent there. It occurs in Iraq, the Near 
East, especially in Lebanon, Jordan, Israel and 
Syria where it has been given the name of Aleppo 
Boil. It is also found in the dry %ones of Saudi Arabia. 
It is absent from the major part of the Indian penin- 
sula except in the north where it is common and 
known under the name of Delhi Boil in the Punjab 
and Uttar Pradesh. It is found in the dry areas 
of Ceylon. It is common in Egypt. It is widespread 
in Tunisia where two main foci of endemicity exist 
in Gabes and Gafsa where it is known as “Bouton 
de Gafsa”. It is common in the southern territories 
of Algeria down to the northern margins of the 
Sahara Desert. It is prevalent in a large part of 
Morocco from the southern oases to Fez. It has 
been found recently described in the areas south 
of the Sahara Desert especially in the northern 
parts of Nigeria and in the French Republics of 
Central Africa, especially in the zones bordering 
the desert. It is also found in certain regions of 
South and Central America such as in Mexico where 
it coexists with the mucocutaneous form of leishma- 
niasis. 

THE CHALLENGES THAT RESULT 
FROM M A N ’ S  EFFORTS TO CONTROL 
THE ENVIRONMENT 

Most important in terms of number of humans 
afñicted are the great scourges malaria and schistoso- 
miasis, which were discussed earlier, but other threats 
to man’s survival occur as a result of his quest for 
water in arid and semi-arid zones. 

DRACONTIASIS 

Dracontiasis is a chronic infection of the cutaneous 
tissues caused by a nematode, Draconculus medinensis. 
It is also known as dracunculiasis, ‘guinea worm’, 
‘medina serpent’, ‘dragon of Medina’, etc. 
Dracontiasis is one of the oldest diseases known 

to man. It may have been first described in an 
Egyptian papyrus together with the story of the 
solar god. Moses is said to have alluded to it in the 
Pentateuch, when he spoke of ‘fiery serpents’ which 
attacked the Jews on the shores of the Red Sea, 
he also described the proper technique for its removal, 
a technique that has changed but little, if at all, 
today. 
The distribution of the nematode is erratic, zones 

of heavy infestation being close to areas where it 
is unknown. It is not so common in Medina as might 
be expected, but it is very prevalent along the coast 
of the Hedjaz and Yemen. In India, it occurs fre- 

quently in the Southern provinces. It is known 
in’Russian Turkestan and in Korea. It has been 
reported from Equatorial Africa, Sudan, Abyssinia, 
the Nile Valley, Iraq, East Africa, Nigeria, the 
Cameroons, Togo, Dahomey, Ivory Coast, Gold 
Coast, Senegal, Mauritania, Upper Volta, Tanganyika 
and Uganda. It has been observed in the Fiji Islands. 
The adult female worm has an average length of 
60 cm. reaching in some cases 120 cm. The male 
worm is little known and seems to disintegrate as 
soon as he has impregnated the female. 
The uterus is in the head of the female just behind 

the mouth and shoots the living embryos forward 
at the time of parturition. Young adults live in the 
connective tissues and also in the mesenterium 
where, according to certain authors, copulation 
takes place; then the male disappears and the female 
works her way, through the connective tissues, to 
the skin in order to give birth. 
She seems to be guided by tropism for water, 

thus explaining why in countries where populations 
wade barelegged into step wells, as in India, the 
adult worm is found mostly in the leg, while where 
water buckets are carried on the back by water- 
carriers, there is a higher prevalence of localization 
of the adult worm in this part of the body. W h e n  
the embryos are mature, the skin blisters and breaks 
up and the larvae are expelled outside where they 
have to fall into water to pursue their evolution. 
This usually takes place when the patient crosses 
a stream or walks into a step well. In water, the 
larvae m a y  survive a few days until they are absorbed 
by a small copepod (Cyclops). These are then 
swallowed by persons who drink the contaminated 
water. In the stomach, gastric juices dissolve the 
copepod thus liberating the larva; the trail through 
tissues then begins until the impregnated female 
reaches her subcutaneous habitat. 
The initial local signs consist of a tender zone 

in the midst of w-hich a small blister appears and 
the patient complains of itching. The blister bursts, 
usually after 24 hours, leaving a small ulcer (5-10 mm.). 
There is exudation of a cloudy sebaceous and sterile 
fluid. In the deepest part of the ulcer a small white 
head is visible which is the protruding uterus of the 
female. In certain cases, the worm can be felt as 
a hard twisting cordon in the skin. The expulsion 
of live embryos lasts 8-10 days, then the head of 
the worm appears in the middle of the ulcer, after 
which the process of healing is under way, In some 
cases, the worm is not eliminated and may be calcified 
in the tissue, where it can stay as long as 20 years 
without giving rise to any accident. 
According to Stol1 [$I, writing in 1947, the disease 

affected 4r8 million people between Africa and Asia, 
the present figure may be nearer 60 million. Control 
of the disease involves far-reaching changes of living 
and cultural standards, such as the suppression of 
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step wells, and the construction of safe drinking 
water ~systems. 

NUTRITIONAL DISORDERS 

Unless transformed by powerful industrial methods 
none of the arid zones provide adequate diets for 
their inhabitants. People living in oases and on the 
fringe of these zones suffer from various types and 
degrees of malnutrition. Vitamin deficiencies abound, 
especially among children; a study of these disorders 
and their correlation with agricultural practices 
would trespass the limit of this study. 
Animal protein deficiencies are essentially repre- 

sented by the syndrome known as kwashiorkor. 
This occurs essentially in young children who have 
been weaned from their mothers' milk and put 
suddenly on a starchy diet. While it is a cultural 
disease it must be thought about in areas where 
lack of moisture and lack of pasture will render 
the development of animal husbandry more difficult. 
The same can be said of urinary calculi found in 
the bladder of infants, a disorder which may also 
be correlated with animal protein deficiencies. 

UiYKNOWN DISEASES 

An important aspect of the question of public health 
in arid zones are the new, as yet unknown- diseases 
or maladjustments that the settlement of people in 
a new area entails. 
Though it is not possible to forecast what these 

will be, they will arise from the new ecological niches 
that the control of the new environment will create 
and also possibly from the new responses offered 
by the hosts under the genetic changes that the 
new environment may foster. Man-made malaria is 
as well known as man-made schistosomiasis, but 
there are other transmissible diseases that can be 
arthropod-borne and that m a y  occur in the future 
as a result of the particular ecological situation 

Public health factors. Part II : Other public health problems 

that will be created in bringing arid zones under 
irrigation. The new pattern of maladjustments or 
disease will then depend upon the nature of the 
soil that must be fertilized. The presence or absence 
of certain trace elements m a y  make themselves felt 
in the diets of the settlers. 
The genotype of the crops that will grow on these 

lands will also be important in terms of disease 
patterns, not only because they will or will not 
be able to synthesize the nutrients needed for m a n  
from the soil on which they will grow, but also 
because they will be able to absorb or to reject the 
newly discovered radioactive materials that might 
occur as a result of atomic explosions. The uneven 
distribution of Strontium-90 has already been noticed 
by scientists. The future of nutritional disease patterns 
in arid zones may very well depend in part upon 
the exposure of the land to these radioactive fall-outs, 
as well as it will depend upon the genetic capabilities 
of the plants that will grow, of the animals that 
will graze on that cover, and of the people that 
will feed both on the animals and plants. Further, 
and not to be forgotten, will be the changes brought 
about in the living things that will grow on these 
arid zones, by the mutations which environmental 
factors will determine both in plant, animal and 
human life. 
Here w e  are delving into the unknown, but, as 

a result of recent acquisitions in knowledge in various 
fields, it is possible to recognize dimly the pattern 
along which these new maladjustments may develop 
as they have always in the past when the physical 
environment has been changed. 
The public health problems that will arise in 

connexion with the future development of arid 
zones will be as numerous as they have been in 
the past but they will not be the same problems. 
The transmissible diseases mentioned above are 
unlikely to cause great concern. Once the sands of 
the deserts will have revealed to what degree they 
are capable of supporting animal and human life, 
it is likely that slow-acting nutritional disorders 
will emerge as the most important problems. 
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SOME CONCLUSIONS 
bY 

L. DUDLEY STAMP 

The first objective of this book, a history of land use 
in arid lands, was and remains an attempt to 
ascertain what lessons could be learnt from the past 
which might help in understanding the problems 
of the present and in preparing plans for the future. 
The areas considered have been vast and varied, the 
problems as difficult as they are diverse. Each chapter 
is itself a summary of a wide range of varied knowledge 
and it seems to m e  that little would be gained by 
attempting further to condense what is already a 
highly concentrated mass of factual information. 
It has accordingly seemed to m e  as editor that 

a more useful task I might at least attempt is to 
separate and elaborate some of the lessons which 
appear to m e  to arise from a study of the separate 
contributions and what immediate action is needed. 
Admittedly, this is a highly subjective approach, 
the selection of topics and the assessment of their 
importance must rest on my own personal judgement. 
Whilst indicated by the separate contributions, the 
problems for further study are often suggested as 
much by what the contributors do not say, since 
information is lacking, as by what they do say. 
In the first place there can be no doubt concerning 

the startling and fundamental character of recent 
advances in the techniques of investigation and in 
the complete re-orientation of interpretations which 
have resulted. Broadly this is true in all fields of 
knowledge. It follows that conclusions drawn only 
a few years ago m a y  now be far from valid : the facts 
need to be looked at again. Provided the observations 
made in the past are sufficiently precise and accurate 
they will still provide the basic factual information : 
it is the interpretation which will be different. Nor 
is the position at present static: on the contrary 
in some studies it changes with kaleidoscopic rapidity 
as new knowledge is acquired. This is true for example 
of the fundamental causes of aridity itself. As further 
observations, especially of the upper atmosphere 
and remote regions such as Antarctica are made, 

the character and behaviour of air-masses become 
clearer though as yet far from fully understood. 
It is within the memory of most of us when aridity 

was equated simply with mean annual precipitation. 
It is still roughly true that the great deserts do 
coincide with areas of deficient total rainfall, but 
the more exact correlation is with precipitation 
efficiency, which brings evaporation into the picture. 
But it is potential evaporation rather than actual 
evaporation. or better, loss of moisture either directly 
or through plants which introduces the complex 
problems of evapotranspiration. It is no longer 
permissible to think in terms of a mean annual 
precipitation-itself highly irregular from year to 
year-when in fact the life cycles of plants are related 
to seasons. Aridity during a normal period of vege- 
tative growth m a y  be disastrous, whereas aridity 
during a normal resting period-for example of grass- 
may be almost immaterial. Much new thinking is thus 
still needed regarding both the meaning of aridity 
and its influence on plant life. 
The rapid development of ecological studies has 

thrown doubt on the primeval character of much 
tropical vegetation. Whether any of the savannas 
or tropical grasslands with scattered trees can still 
be regarded as climatic climax vegetation, uninfluenced 
by man, becomes increasingly doubtful and the same 
is true of the ‘natural’ vegetation of semi-arid and 
arid lands. If deserts are spreading it remains un- 
certain how far the spread reflects climatic change 
and how far the conscious or unconscious work of man. 
The mention of climatic change should serve to 

call attention to a very great recent advance in the 
techniques of investigation. By means of carbon-14 
tests it is now possible to date, with a precision 
previously undreamt of, a wide range of archaeological 
material and so to construct a time-scale against 
which climatic fluctuations can be plotted. In due 
course, when records and finds have been fully 
re-examined, it will be possible to establish a complete 
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chronology and to know precisely the relalionship 
between the northern glacial periods and the pluvial 
periods of lower latitudes. W h e n  this has heen done, 
w e  shall know whether or not the climatic fluctuations 
to be observed in different continents were synchro- 
nous or complementary in time. Light will undoubtedly 
be thrown on the reasons for migrations of peoples 
and their cultural centres and on the reasons for the 
selection or abandonment of settlement areas at least 
in a general way, but it seems more likely that an 
intensive study of recent times-the last few centuries, 
perhaps the last few decades-will be of the greatest 
direct value in the immediate task of planning a 
better use of arid lands. For the present is but a 
stage in evolution from the past into the future: 
what w e  need to know are present trends, to be 
established by comparing the present with the 
immediate past. 
If there is one lesson which seems to stand out 

above all others in this review, it is the almost com- 
plete lack, in many areas, of precise knowledge of 
the present position. Land use is a matter of area 
and location and can never be expressed adequately 
by statistics, only by maps. It would seem obvious 
that the sequence of changing land use or, equally 
important, lack of use can only be traced properly 
by a series of maps. It is only when the changes can 
be definitely located in space that one can look 
for the factors which, in any given case, are respon- 
sible. It is true that some extraneous factor-i.e. 
extraneous as far as the land itself is concerned- 
such as a fall in commodity prices or the loss of 
a market may swing a whole region from one type 
of land use to another. But when it comes to assessing 
the influence of increasing salinification of the soil, 
or the incidence of local erosion, or the deterioration 
of grazing, such can only be fully shownwhen expressed 
cartographically. 
Fortunately the last few decades have seen the emer- 

gence and perfecting of a new technique of study 
-through air photographs. It was clear from such 
early days of aerial photography as the nineteen- 
twenties that land could be photographed from the 
air which was difficult of access on foot or otherwise 
by surface transport. It was clear, too, that differences 
showed up from the air which were not apparent, 
or not readily apparent, on the ground. The surface 
of the earth has often been compared to a palimpsest 
-an old parchment used over and over again in 
which traces of older writing show through the efforts 
to clean them off, and to re-use the parchment. 
Through the pattern of present-day land use as shown 
on a vertical air photograph, there can often be traced 
some vestiges of former land use, of long-forgotten 
settlements, of abandoned roads and canals. In recent 
years there have been great advances not only in 
the actual quality and clarity of photographs, but 
also in their interpretation and use. Essentially the 

photographs are taken with a 4’0 per cent overlap 
and are examined in stereoscopic pairs. A range 
of elaborate machines by different makers from dif- 
ferent countries is now available for the construcLion 
of maps from the photographs, but the emphasis 
has been on the production of ordinary topographical 
sheets. This is certainly a first necessity: vast areas 
of the earth’s surface still remain unmapped in detail; 
only highly generalized and often very inaccurate 
maps exist for example of large areas of Africa. 
Most governments have active plans to remedy this 
position : in the case of Eritish territories for instance 
the Directorate of Overseas Surveys is engaged in 
producing outline maps usually on the scale of 
1:50,000 drawn from aerial photographs of many 
overseas territories, especially in Africa. These 
‘preliminary plots’ as they are called are simple 
uncoloured maps showing diagrammatically the main 
physical features (but no contours), a rough indication 
of dominant vegetation such as forest, and a delinea- 
tion of human settlements and lines of communication. 
The really important point is that an infinitely 

greater amount of information is available from 
the air photographs. They should be freely available 
to researchers; they should be worked over with 
the help of experts in different fields. 
In the first place the air photographs provide a 

complete picture of the surface cover. Although the 
expression commonly used is ‘land use’, non-use 
of land is equally important and, away from areas 
of cultivation, this becomes a survey of existing 
natural and semi-natural vegetation. It cannot be 
too strongly emphasized that air photographs show 
differences in the intensity of vegetation far more 
clearly than they can be detected from the ground. 
It is possible, therefore, to construct complete and 
detailed land use maps which are further discussed 
later. 
Especially in arid lands where the surface vegetation 

is sparse, air photos reveal many details of the ground 
itself. The drawing of outline or preliminary geological 
maps from air photos is now almost an essential 
prelude to geological survey on the ground. Although 
it has been claimed that soil maps can be constructed 
from air photographs, this claim needs careful exa- 
mination. In so far as soils are identified and classified 
by their profile, which lies below the surface and 
cannot possibly be seen in air photographs, the 
construction of a soil map is impossible. But certain 
soil features, especially in arid lands, do show up 
very clearly in air photographs. Rocky outcrops, 
screes, fans and floodplains are obvious surface 
features with closely related soil characters which 
can readily be mapped. But air photographs show 
areas of salinificalion and waterlogging with remark- 
able faithfulness, indeed far more accurately than 
can be easily seen on the ground. In cultivated areas 
depth or quality of soil is often reflected in the pattern 
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of crop intensity. Thus it is possible to construct 
what may be called reconnaissance soil maps. Side 
by side such soil maps and land use maps frequently 
show the influence of increasing salinification in 
leading towards abandonment of land : on the other 
hand they may indicate areas where favourable 
physical and soil conditions suggest the need for 
further investigation and possibilities of settlement. 
This approach, by a parallel land use and soil survey 
from the air in an arid region, was first undertaken 
on a large scale when the Government of West 
Pakistan commissioned an aerial survey of the Indus 
Valley in 19541 from which generalized maps on the 
scale of 1:250,000 were prepared. 
That air photographs reveal traces of former 

land use, almost unsuspected on the ground, was 
appreciated when photographs of southern Britain 
showed clearly the pattern of small square fields 
from Celtic times on what are now the open grasslands 
of the Downs. Since then archaeology from the air 
has become a highly skilled branch of study, and over 
large areas of arid lands it has become possible to 
construct maps of past land use complete with such 
features as settlements, roads and irrigation canals. 
The material exists, especially now many of the 
features revealed can be accurately dated, for the 
construction of such land use maps of past periods 
over many areas. By comparison with the land use 
maps of the present day the areas of maximum or 
minimum change become apparent and causes can be 
investigated. In the few areas where such detailed 
comparative studies between past and present 
have been made it would seem that, as would be 
expected, the poorest lands have defied the efforts 
of man at utilization through the ages. But there has 
also been remarkable stability of land use wherever 
physical conditions are fully favourable to human 
settlement. The virtues of Nile alluvium, with water 
available, have been appreciated for many millennia 
and intensive cultivation has been the rule throughout 
the centuries. If mankind is to survive, the evidence 
points to the long-term need to conserve the world’s 
best soils for food production. Everywhere it seems 
to be established that the maximum of change 
has been on land of intermediate qudities. Land 
which, in times of high prices or strategic necessity, 
it pays to cultivate will be abandoned in the face 
of competition from more favoured regions when 
prices are lower. This accounts for the very wide 
fluctuations of settlement and use on many arid 
margins. 
To my mind the historical review in the preceding 

pages reveals the tragic lack of exact information 
regarding the past, and highlights the necessity for 
creating an historical document relating to the present 
as a basis for future work. A broad general picture, 
highly generalized, can be included on maps on the 
scale of 1:1,000,000 or smaller but, gigantic as the 

task may be, what is needed is a full record on maps 
of a large scale-something at least of the order of 
1:100,000 or 1:50,000. 
There is no doubt that land use in arid lands in 

the past has been dictated in large measure by the 
detailed relief of the ground. On the same geological 
formation may be found elevated plateaux incapable 
of being supplied with irrigation water, eroded 
badlands where the terrain precludes development 
and level plains where change is possible. Clearly 
therefore the detailed maps should show micro-relief 
or geomorphological units. Obviously water is of 
such paramount importance that any indication of 
its existence in surface streams, intermittent or 
perennial, or in wells and springs should be recorded, 
together with those indications of soil and hydro- 
logical conditions such as salt crusts. The map, 
in short, embraces what can be shown, often very 
little, of hydrogeology and soils. But, in general, 
vegetation and land use (or non-use) become an index 
of the total influence of physical, historical and human 
factors. In his account of Egypt, Professor Hamdan 
has used the master key proposed by the Commission 
on a World Land Use Survey of the International 
Geographical Union-simple in outline and designed 
for the inclusion of whatever subdivisions m a y  be 
locally necessary. It advocates nine main classes : 
1-settlements and associated non-agricultural uses 
of land (red) ; 2-horticulture or intensive cultivation 
(purple) ; 3-perennial or tree crops (orchards, vine- 
yards, palm groves, etc.) (light purple); 4-cropland, 
(a) continuous (b) land rotation, distinguishing irriga- 
ted and non-irrigated land (browns) ; 5-improved 
grassland or meadow (light green) ; 6-various types 
of unimproved grassland (yellow and orange) allowing 
for the differentiation of the many vegetation types; 
7-forest and woodland (different greens), again 
allowing for botanical differentiation of many types ; 
8-marsh and swamp (blue) ; 9-unproductive (grey), 
allowing for the separation of the several types of 
desert and semi-desert. 
Such maps are factual documents, the classification 

is essentially objective and avoids the danger inherent 
in ‘land capability maps’ and the subjective judge- 
ment as to potential land use. 
When such a record for the present day is compared 

with whatever similar records may exist of the 
past it is often possible to detect trends in change 
-it m a y  be evidence of desiccation and deterioration 
of vegetation or increasing salinity. Planning for 
the future becomes the encouragement of such trends 
as may be good-natural regeneration of vegetation 
for example, or the reversal of trends judged to be 
bad, such as salinification. 
Any detailed survey of the present position, such 

as the accounts given above of South Africa and Aus- 
tralia, suggests the delicate balance between the 
environment, the natural vegetation, fauna, land use 
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and development. Everywhere basic research in 
ecology cries out for attention: almost daily, new 
factors are being introduced. Especially significant. 
is the present chemicalization of agriculture : so very, 
very little is known of the long-term effect of chemical 
manures, toxic sprays and dressings such as fungi- 
cides, insecticides and selective weed-killers. 
Among the positive lessons to be learnt from this 

historical review that may serve to guide our present 
thinking and future actions, there is one which 
seems to m e  to be of outstanding and overriding 
importance. 
It is the delicacy of balance between man and his 

activities on the one hand and the environment 
on the other, in all arid lands. So long as an equilibrium 
is maintained efforts to use the arid lands may well 
prove highly successful, but that equilibrium is very 
easily upset by any one of a large number of factors 
and success is at once turned to failure on a large 
scale. The prize is large but the dangers are great. 
This concept of a delicate balance can be illustrated 
in a number of ways. Where m a n  by dry-farming 
methods relies on the natural rainfall or available 
water he will be successful in years which are average 
or better than average, and may be rewarded by 
crops which are excellent in quality and reasonable 
in quantity. H e  may survive a year of poor rainfall 
and partial crop failure but a second year of less 
than average rainfall or a single year of real drought 
will result in complete crop failure and starvation. 
Similarly with the pastoralist in the semi-arid grazing 
lands there is a delicate balance between the scanty 
herbage-often nutritious and itself very resistant 
to climatic vagaries-and the grazing animals. This 
balance can be permanently upset by overgrazing 
in a poor rainfall year when the animals fail to find 
enough fodder to survive, but in the attempt so destroy 
the vegetation as to prevent its recovery the following 
year. History abounds in examples of mass migrations 
of men and animals occasioned by famine resulting 
from one or more years of deficient rainfall. The 
carrying capacity of the land in men and animals 
is that of the poorest years, not that of the average 
years. By way of contrast in the better watered coun- 
tries harvests m a y  be scanty in one year by reason 
of deficient rainfall or in another by excessive rainfall 
causing floods, but there is always a greater latitude. 
Rarely is failure complete. 
The introduction of irrigation water does not alter 

this concept of balance or equilibrium; it. merely 
changes the emphasis. The more primitive forms 
of irrigation-by inundation canals, ‘tanks’ like 
those in India, and ‘ hafirs’ for stock-watering in the 
Sudan-may themselves fail to carry water in poor 
rainfall years. Even when perennial irrigation from 
modern dams and wells is available the utmost 
care is needed in controlling the amount of water 
used. With only a little too much, waterlogging 

will soon appear if the drainage is not adequate; 
with slightly too little, evaporation will quickly 
result in salinification of the land by the salts always 
present in the water. The balance between water led 
on to the land and water drained off is still insuffi- 
ciently studied and the position is complicated by 
the physical, chemical and biological character of 
the soil. There is certainly no doubt that many 
successfully irrigated areas have in due course been 
abandoned by increased waterlogging or salinification. 
Man in the well watered lands, whether in the 

tropics or mid-latitudes, can live to a large extent 
if he so chooses in small units-even family groups. 
A peasant farmer can clear the land, till it, and live 
on the resulting subsistence crops. With a reliable 
source of water such as a spring or well he may at 
times do the same in arid lands, but it is more likely 
that his source of water is a precious resource for 
a large area: he must share his water. The age-old 
conflict between sedentary agriculturalist and semi- 
nomadic pastoralist persists to this day. The sharing 
of a water supply involves co-operation and the 
evolution of a social system of some sort. Any consi- 
derable work of irrigation, even if it be only a village 
tank, involves co-operative action. Those civilizations 
of the past which depended upon large-scale irrigation 
relied therefore not only on a high degree of technical 
skill but also the maintenance of law and order 
within a community. In such cases a new and delicate 
balance was set up, a balance easily destroyed by 
any upset of physical or social character. An excep- 
tional flood would sweep away a barrage, and a river 
change its course; an invading army needed only 
to destroy an irrigation dam to render a whole region 
powerless. Today even a small well-placed bomb 
could destroy vast areas of irrigated land. 
It is often difficult to ascertain, in reading the 

historical records, which of the many possible factors 
led in any given instance to the abandonment of the 
former centres of civilization; one suspects that 
warring armies and internecine strife have often been 
important. Professor Kovda, for example, has given 
specific cases along the Amu Darya. On the other 
hand there are numerous examples of wise conqueroia 
providing just the discipline needed to maintain 
an irrigation civilization in good order-and to 
extend it. 
Where a civilization depends upon one or a small 

number of major sources of water, it is peculiarly 
vulnerable to epidemic killing diseases. Before the 
causes were known vast areas may have been so devas- 
tated by malaria as to leave abandonment as the only 
solution. This would seem to have been the reason 
for the disappearance of the population from the 
tank-irrigated dry zone of Ceylon. W a s  it possibly 
the cause of the fall of the great Harappa civilization 
of the Indus basin? 
It does not seem to bc generally realized that the 
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whole concept of irrigation in arid lands has been 
changed fundamentally in the course of time. This 
is splendidly brought out by Professor Hamdan in 
his account of the history of land use in Egypt. 
In early days, and indeed for many millennia, it was 
the purpose of irrigation in Egypt to allow the muddy 
waters of the Nile, bringing their load of material 
rich in both inorganic and organic plant food from 
the distant mountains of Ethiopia, to spread over 
the riverside lands during the high water season, 
there to deposit their invaluable load as a thin film 
carefully spread over the Gelds. The deposition was 
controlled by the division of the land into basins, 
the crops relied for nutriment on the fertile silt, 
holding moisture long enough for the plants to 
mature. Gradually the picture has changed, mainly 
in the last century. The basin-irrigation of Egypt 
had obvious disadvantages. It depended upon the 
height of the Nile in the high water season: in some 
seasons the river might not rise sufficiently to flood 
the basins, and the Nilometer, measure of the height 
of the river, became an index of the country’s pros- 
perity. In any case only the lower riverside lands 
could he flooded : land with good soil but a few feet 
higher could only be watered by the laborious shaduf 
or saqia or Archimedian screw. So gradually irrigation 
from the river water impounded by dams across 
the river has superseded the old system. But now, 
only clear water is led on to the fields; artificial 
fertilizers must take the place of the annual layer 
of silt. By maintaining a good current in the main 
river much of the silt will remain in suspension 
to be lost eventually in the Mediterranean Sea. 
Otherwise it will be deposited on the floors of the 
reservoirs there slowly to cause them to silt up. 
In nearly all parts of the world irrigation is con- 

forming to the standard pattern: the large masonry 
dam behind which water collects to form a permanent 
lake from which it is led off first in main canals 
and then through distributaries. The area ‘com- 
manded’ is related to the height of the water, and 
so to the height of the dam. 
Evidence is growing that such a system may be 

fundamentally wrong. North America already has 
examples of reservoirs which have silted up completely 
in a few years. Everywhere in sunny arid lands 
evaporation is very high and is of course directly 
proportional to the surface area of water-it is 
greatest in shallow desert basins. Evaporation 
continues from the main and distributary canals, 
indeed right until the water which has percolated 
into the soil is taken up by plant soots. Evaporation 
from a free surface of water may be as much as 50 in- 
ches of water a year, and the total may amount 
to a high proportion of water available. Dissolved 
salts do not evaporate : they are left behind and an 
increasing salinity is the result. 
A review of the history of irrigation suggests 

a number of changes needed in present practice. 
All over the world underground storage has played 
a large part in the past: where a natural reservoir 
or acquifer existed within reach of plant roots from 
the surface it has been used direct as in many oases. 
Dr. Armillas records those cases where superficial 
layers of soil or sand have been skimmed off. In 
many parts of the world the alluvial cones or fans 
at the base of mountain ranges form natural under- 
ground storage and water has been reached by 
those tunnels known variously from Mauritania 
to Sinkiang as foggwrw, quanat or karez. The modern 
equivalent would be to tap the water by pipes, 
from which the flow is readily controlled. A modifi- 
cation of this is seen in the recent developments in 
Israel where water is being piped from the streams 
of the rainy north right to the dry southern Negev, 
there only to be used when vitally necessary. Loss 
by evaporation is virtually eliminated; the precious 
water is only turned on when actually needed. Further, 
it can be led into light movable pipes for the produc- 
tion of ‘ artificial rain’, rapidly proving itself the most 
natural form of irrigation-in addition to being 
economical and effective. 
In northern India and Pakistan where the streams 

often come down in disastrous floods from the hills, 
a technique in some respects resembling the ancient 
basin irrigation of Egypt has been developed. The 
silt-laden waters are allowed to spread widely oves 
a valley floor behind a low earthen dam: the silt 
is dropped and clear water is collected centrally 
and allowed to escape through a masonry or concrete 
channel near the centre of the dam. Crops can then 
be sown in the moist mud, the waters permitted to 
escape can be used to irrigate other land below the dam. 
This successful recent development in arid West 

Pakistan is indeed getting back to a settlement 
pattern typical of many arid lands in the past. The 
floodplains of the rivers with their fertile moist 
alluvial soils provided the food crops, grown as and 
when water supply and climate permitted; the villages 
-were sited on the valley margins safe from flooding 
and rough unenclosed grazing was provided by the 
range lands beyond. The villages of necessity were 
sited near a spring or permanent tributary water 
course. Cultivation ancl water control were co-opera- 
tive efforts; hence a village and not scattered farm- 
steads. Two lessons from this successful model from 
the past tend to be forgotten. First, the fertile cul- 
tivable lands were built up naturally by river-borne 
mud or silt. W h a t  is needed with many projects 
today are effective means of trapping and distributing 
this river mud, so often encouraged by ‘river training’ 
works to run to waste. The second lesson lies in the 
siting of the nucleated settlement. Too often in modern 
reclamation works Lhe people have been expected 
to dwell in isolated farmsteads, which they may 
refuse to do. 
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The emphasis placed here on the need to collect 
and distribute where required to build up new cultiv- 
able lands the silt and mud load of rivers should 
lead us to some reassessment of the erosion problem. 
Geologists have always recognized erosion as one 
of the unceasing inexorable processes of Nature. 
Towards the end of last century W. M. Davis made 
familiar the concept of the geographical cycle or 
cycle of erosion-land raised above sea level at once 
subjected to forces destined to wear it down almost 
to a plain-in other words a peneplain. Such a cycle 
was only interrupted by a renewed uplift of the land 
which accelerated erosion and initiated a new cycle. 
In the youthful or early stages of a Davisian cycle 
the attack of the elements on uplifted areas was 
fierce, from the highly accidented relief of the uplifted 
mountains vast quantities of material were washed 
down to lower levels. In the later stages of the cycle 
not only was erosive action on gentler slopes itself 
more gentle, but a mantle of soil and protective 
vegetation slowed the process still more. Rain and 
wind were prevented, by this protective covering, 
from reaching the underlying rocks, and erosion was 
narrowly limited to stream courses. It was American 
experience in particular which drew world-wide 
attention to the problem of soil erosion. There, 
the great grass-covered plains of the prairies grazed, 
but not overgrazed, by herbivorous wild animals 
such as the buffalo, had become stabilized, and erosion 
was negligible except along the actual stream courses. 
But the coming of the agriculturalist with his plough 
exposed the soil to the destructive action of rain 
and, in dry seasons, to the force of the wind. Soil 
was quickly removed by rain along plough furrows, 
which became gullies, by wind over hugh stretches 
which became dust bowls. The phenomena, previously 
known to be serious in other lands, were found to be 
enormously widespread. They were recognized in the 
bare hillsides of China, the southward spread of 
the Sahara in West Africa and in the dongas of the 
South African veld. In the world as a whole it seemed 
that soil was being lost faster than new lands were 
being reclaimed. Phrases like the ‘greatest scourge 
the world has ever known’, the ‘rape of the earth’, 
‘our plundered planet’ set 08 a world-wide fight 
against soil erosion. In this review of the history 
of land use in arid lands, it is difficult to say in how 
many cases abandonment of settlements has been 
due to soil erosion and the consequent spread of 
‘man-made deserts ’, but it would certainly seem 
to be the prime cause in some. In the subsequent 
efforts to prevent soil erosion, however, the pendulum 
may have swung too far. Erosion, cutting first through 
the soil and then into the rocks below, is a world-wide 
geological phenomenon. In many upland areas it 
cannot be prevented and viewed on a long-term 
basis the great fertile alluvial plains of the world 
are the result of erosion in the mountains. There 

would be no fertile Nile Valley in Egypt were Lhere 
not erosion in the mountains of Ethiopia. Whilst 
erosion must be controlled, it would seem that much 
more thought should be given to the control of the 
eroded material. Too little attention seems to have 
been paid to the results achieved by P. A. Yeomans 
in the arid margins of Australia. It is often claimed 
that a few inches of soil are the result of hundreds 
or thousands of years of soil €ormation, and m a y  be 
lost in a few days of severe erosion. Yeomans has 
shown that, in suitable cases, by leading water round 
the contours of a hillside and allowing it to seep 
gently down that hillside he can create conditions 
suitable for a inicro-fauna and micro-flora to live 
and multiply and to convert the mineral subsoil 
into a good deep workable soil in a couple of seasons. 
This is essentially enlisting the forces of Nature 
in the work of reclamation. The description by Profes- 
sor Kovda of the ‘liman’ cultivation in the USSR, 
where moisture and soil are arrested on valley side 
terraces, is closely comparable. 
This leads naturally to a consideration of the greaL 

dilemma of the present day which affects practically 
all forms of land reclamation and improvement. 
A good ‘natural’ soil has a base of mixed mineral 
particles and a considerable proportion of organic 
matter: it has a texture and structure of its own, 
2 soil hydrology and a soil climate which promote 
the life and well-being of countless millions of soil 
organisms, mostly minute, but including creatures 
as large as earthworms several feet long, which convert 
decaying matter into valuable plant food. Such a 
natural soil provides a firm footing as well as the 
required nutrients for the crops of man: its quality 
is maintained by careful cultivation and the addition 
of organic manures; this is the method of working 
with Nature and of enlisting the services of Nature 
for the benefit of mankind. 
But economic plants can be and are being eEectively 

grown simply by giving thein a mixture of inert 
mineral particles to provide their roots with a hold 
and then feeding them with water containing essential 
nutrient salts in solution. In its extreme form this 
is hydroponics, but to a large extent it eliminates 
soil, has no need of soil organisms (except in special 
cases such as for soya beans), but very heavy applica- 
tion of chemical fertilizers or ‘artiñcials’. It would 
seem probable in many cases that the application 
of the chemical fertilizers may actually destroy 
both soil structure and soil organisms. The history 
of land use in arid lands suggests that, provided 
toxic salts axe absent, a suitable mixture of mineral 
particles to hold roots, fed by water with requisite 
fertilizers, can produce outstanding crops. ‘Soil’ as 
understood in mid-latitudes can be eliminated. This 
opens up vast possibilities of mixing sand, silt and 
clay in right proportions by modern earth-moving 
machinery and so making ‘soil’ as a permanent 
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asset. Vital trace elements can be added-Australian 
experience is fundamental in this regard-or noxious 
ones counteracted. 
Reading carefully the history of land use in arid 

lands it is clear that small details of micro-relief 
have often been of the utmost importance. This is 
well illustrated by Professor Kovda’s account of the 
padiny of the Russian steppes-shallow depressions 
in the rolling or otherwise featureless plains but 
sufficient for more moisture, especially from melting 
snow, to collect and to encourage a development of 
soil with above average organic content and so to 
lead to ‘depression farming’. In the arid savanna 
lands of the west central Sudan the shallow hujirs 
occupy similar depressions : they collect water and 
serve stock from a considerable radius. There it 
has been found possible to use modern machinery 
to ,dig out similar shallow depressions-in other 
words to create artificial hujirs. Micro-relief of the 
land is usually closely associated with the water 
table. Professor Kovda has described the hair farming 
along the Amu Darya and Sir Darya where fresh 
groundwater from the rivers percolates laterally 
into the alluvia of the flood terrace sufficiently 
near the surface LO be reached by plant roots. In some 
of the sandy lands of dry regions in Spain and Portugal 
magnificent and valuable market-garden land has 
been created on the same principle. It is important 
to note that in other lands such potentially valuable 
areas could only be detected by detailed topographical, 
geological and hydrological surveys. 
To my mind this historical review does little towards 

solving the vexed question of the relationship between 
vegetation cover, especially forest, and climate. 
The influence of a close cover of grass or trees in 
preventing soil erosion is clear enough, the value 
of trees as windbreaks is similarly obvious. Undoubt- 
edly deforestation is a potent cause of the spread 
of man-made deserts and so is overgrazing of grass- 
lands and scrublands. The evils of erosion can be 
prevented or minimized by afforestation and the 
maintenance of a grass cover. Plant life is helped 
by improved water circulation and creation of micro- 
climates, but whether the climate is changed to any 
appreciable extent is enother matter. 
What this historical review does seem to do is LO 

call into question the whole concept of a climatic 
climax vegetation, at least insofar as the arid lands 
are concerned. From the dawn of geological time 
when life appeared on the surface of the earth animals 
and plants have lived together, the animals deriving 
their sustenance ultimately from the consumption 
of plants which alone can manufacture organic food. 
What vegetation may exist is therefore not only 
the result of the physical factors which make up 
climate but also of Lhe nature of the soil and of the 
symbiotic relationship with animals. 
In arid and semi-arid lands the vegetation must 

obviously be far from a climatic climax one. The 
pressure of wild animal life on vegetation is usually 
severe, even without man’s domestic animals. It 
has also been argued by many ecologists in recent 
years that the plants in a natural habitat are not 
those best suited to the climatic conditions hut 
those best able to survive in the struggle for exis tence 
by their ability to adapt themselves to adverse 
circumstances. 
Two theories of the domestication of animals 

advanced in the preceding pages are of interest 
in this connexion. One is that man, relying on the 
chase, often went hungry and so seized upon the 
idea of retaining his prey alive until required- 
whence followed the whole technique of pastoral 
farming. The other is that in time of drought, animals 
and man lost their mutual enmity at the common 
waterhole, engendering a mutual co-operation leading 
to domestication. In either case these was a pressure, 
either temporary or becoming chronic in areas of 
progressive post-glacial desiccation, of animals on 
vegetation. A climatic climax vegetation could not 
have existed, but what did exist was a symbiotic 
balance between plant and animal life. 
With the concept of such a balance as the usual 

rule in arid lands, it becomes easy to understand 
the frequently disastrous results of exotic introduc- 
tions, whether of plants or of animals into an alien 
environment. The classic example is of course Austra- 
lia, briefly related by Sir Samuel Wadham, and 
the introduction of the prickly pear, Opuntia. A 
succulent plant which might, as desired, have formed 
a useful addition to the arid grazing land found 
an absence of competition which enabled it to invade 
successfully 2,000,000 acres of farmland. A similar 
example is afforded by the jointed cactus, introduced 
from South America into South Africa as an orna- 
mental plant-to become officially the most noxious 
weed in the sub-continent. In the reverse direction 
Australian eucalypts have, with the help of man, 
invaded the arid lands of a large part of the earth, 
but in this case with beneficial results. 
The lesson again is one that stems from that 

permanent problem of arid lands: the ease with 
which the existing delicate balance can be upset. 
The development of arid lands is at present being 

associated very closely, almost identified, with the 
bringing of water from surface or nndergronnd 
sources to make possible the growth of crops or of 
fodder for domestic animals. It is being identified, 
in other words, with the development of farming 
and animal husbandry. Yet this concept of arid 
land development ignores one of the clearest lessons 
to be drawn from the history of land use. With 
the exception of Australia the great developments 
in arid lands in the past have been associated not 
only frequently but even usually with cities. Civiliza- 
tion in the deserts has often been essentially an 
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urban civilization. This is true not only of Nineveh 
and Babylon and o€ the Indus plain; il is true of 
the Roman limes in North Africa, to a larger extent 
of Lhe Mandingo and oLher empires which flourished 
on the southern margin of the Sahara; it applies 
also to pre-Columbian America. The example of 
Damascus, a beautiful city surrounded by intensively 
cultivated gardens watered by the Barana, is indeed 
typical : farming, or more correctly horticulture, 
was subsidiary to the needs of a thriving urban 
centre. Although Whyte states categorically that 
‘Ur, like other Sumerian cities, started as the admi- 
nistrative centre of an irrigated district’ it would 
seem equally possible that it might have originated 
as a ‘city stzie’ and that the irrigation of surrounding 
lands was of necessity developed to supply food. 
The fact that Ur was abandoned when the Euphrates 
changed its course might result in either case. It is 
interesting to note that Harappa has revealed its 
secrets of a high-living urban civilization: it is only 
presumed that there were irrigated lands to provide 
the city folk with their food. 

The modern urbanization of arid lands is associated 
in part it is true with the exploitation of minerals, 
especially oil, but the trend in the arid parts of 
the United States is of particular note. From 1950 
to 1960 the population of the United States as a 
whole increased by 18.6 per cent but the population 
of the arid state of Nevada by 76 per cent, of Arizona 
by 71 per cent and N e w  Mexico by 38 per cent. 
But the increase in the arid states of North America 
does not reflect increased intensity of irrigation 
agriculture nearly so much as a purely urban growth. 
In the same 10 years non-agricultural employment 
increased in Arizona by 99 per cent-manufacturing 
by no less than 204.5 per cent. The factors which 
are favouring this industrial development in arid 
regions are the same as those which favour the 
development of other urban centres as resorts- 
Reno and Carson City in Nevada or San Jose in 
California. Abundant sunshine favours ouidoor living, 
the modern air-conditioner has ensured homes and 
offices at an optimum for physical or mental work 
and cool nights for sleeping. It is cheaper to cool 
a building in a hot summer than heat a similar-sized 
one in a cold winter, American manufacturers are 
finding employees will accept lower wages in arid 
lands where they can live more cheaply as well 
as more happily. But water in arid lands is scarce 
and its most economical use is in an urban water 
supply. In the Tucson area of Arizona it has been 
estimated that water sufficient to irrigate 14,000 acres 
of land employing 1,500 people would suppori. 
more than 200,000 urban dwellers and the waste 
domestic water could still be used for intensive hor- 
ticulture, itself benefiting from nitrogenous urban 
waste.1 ir% 
It may well be therefore thaL the best devclopment 

of arid lands in the future may be of industrial 
centres surrounded by and stimulating intensive 
market gardening-far removed from the usual 
picture. 
It is not easy to see what lessons can be drawn 

€rom present clay Australia where half the population 
already live in the capital cities of the well-watered 
fringe, and the general tendency seems to be to 
withdraw from the arid and semi-arid lands, despite 
modern transport, radio communication, artesian 
water and possibilities of home air-conditioning, in 
favour of more intensive use of the better watered 
lands. 
W h e n  emphasizing how many of the successive 

arid zone civilizations of the past have been associated 
with great cities set in the midst of irrigated lands, 
what was the social organization involved? It was 
frequently of a feudal chara.cter-well seen in the 
Rajputs of India described by Professor Bharadwaj. 
Sometimes it was the organized exploitation of the 
conquered by the conquerors, sometimes the use 
of slave labour. On a smaller scale the successful 
huerta or vega of Spain and North Africa noted 
by Professor Despois resulted from control by a 
wealthy nobleman; sometimes the whole focused 
round his elaborate pleasure gardens. However 
successful such social organizations may have been 
in the past they are out of harmony with democratic 
ideals of the present day. Some would urge that 
thinking must be entirely forward; the past must 
be ignored. But one vital lesson remains : the need 
for a strong, stable government and a truly united 
effort. 
This raises the question whether enough attention 

is being paid to social studies. 
Many present day attempts to utilize more fully 

the arid lands and to secure better conditions for 
their inhabitants would seem to be based, if history 
is read aright, on false assumptions and false standards 
of human values. The camel nomad of the Eurasian 
wastes, or the black-tented Bedouin would seem, 
by western standards, to lead a hard and precarious 
life with a food supply scanty, uncertain and dull. 
Bring water to the arid wastes and with irrigation 
there can be assurance of abundant food for both 
m a n  and his animals-a general rise in the standard 
of living which must surely prove an irresistible 
magnet. But is the basic assumption here correct? 
Why should the nomad, free to wander at will, 
exchange his life for the day-in, day-out ceaseless 
grind of being tied to a single plot of land? As Pro- 
fessor Despois notes, there are examples in North 
Africa of the nomad, induced LO adopt a sedentary 
life, reverting to his former nomadic ways. The 
highest form of human existence would indeed seem 
to be semi-nomadism. Two phenomena aL the present 
1. Data from A. W. vilson, Urbanization of t h  Arid Lands. The Professional 

Geographer, 12, 19U0,:p. 4.8. 

386 



Some conclusions 

day are world-wide. The first is the growth of the 
million-city-i.e., the very large city, which would 
seem to suggest that the deliberate choice of the 
majority is a city life. The second is the inexhaustible 
attraction of what is now called tourism-i.e., longer 
holidays, longer journeys farther afield, often with 
a caravan or chalet in the wilds to recapture the 
free and open life. This is getting very close to semi- 
nomadism and a modern transhumance from winter 
quarters in the city LO summer camp by sea, lake 
or mountains. Why, then, should the nomad of the 
arid lands be expected to enjoy becoming a sedentary 
peasant farmer, or worse still, a peasant farmer 
isolated in the midst of irrigated fields demanding 
constant attention? 
There are other reasons why a modernized version 

of semi-nomadism may be the right answer for 
vast areas of the arid lands. The balance between 
grazing animals and available herbage is a particularly 
delicate one. Both undergrazing and overgrazing 
produce disastrous results. If land, whether range 
land or improved pasture, is undergrazed the animals 
select the palatable plants and leave the less palatable 
to thrive and become dominant. With overgrazing 
this does not happen, but the whole is so eaten over 
as to render recovery clifficult, and often to induce 
soil erosion. Yet no type of grazing in arid or semi- 
arid lands with an inevitably varying annual rainfall 
has a constant carrying capacity for domestic animals. 
Adjustment can be perhaps by killing off animals 
in poor fodder years, but far more naturally by 
moving to more favoured areas-nomadism and 
transhumance. There are two ways in which modern 
developments could be used to evolve a new technique 
of semi-nomadism-one by using modern transport 
for either animals or fodder, the other by using 
irrigated fodder as required to supplement grazing. 
It has often been pointed out how, in other spheres, 

Stone Age m a n  is being translated direct into the 
‘jet age’, or at least into the age dominated by the 
internal combustion engine. Is it reasonablc, in 
another sphere, to expect satisfaction from a move 
from semi-nomadic pastoralism, an inherently free 
life, to the semi-slavery of peasant farming already 
outmoded elsewhere? 
In the preceding pages are found many examples 

of the highly specialized economic incentives fre- 
quently found in the history of land use in arid 
lands. Professor Talbot in his account of South 
Africa points ont how the Merino sheep made possible 
the pioneer colonization of the arid interior, as it 
did also in Australia. The introduction of the Angora 
goat into South Africa enabled still more arid lands 
to be utilized but only so long as a world demand 
existed for the product-mohair, now so largely 
supplanted. Then came the spectacular rise of ostrich 
farming which lasted just as long as the vagaries 
of women’s fashions in the sophisticated western 

world provided a market for ostrich feathers. Although 
ostrich farming led incidentally to an extension of 
irrigation-thus illustrating the very important lesson 
that the unforeseen secondary developments are 
often the more significant-it only supported the 
use of certain arid lands for a brief generation. Today, 
over vast areas in arid South Africa and the adjoining 
parts of South West Africa economic motive is 
supplied solely by the demand for ‘Persian lamb’ 
or ‘Karakul’ at present in fashion for women’s 
fur coats in western countries. The fur must be 
that of the new-born lamb : because the mother 
does not have to suckle her offspring she requires 
less food and is able to sustain life in a far more 
arid climate than if living normally. This again is 
an outstanding example of Lhe ‘delicacy of balance’ 
which keeps in production large tracts of arid lands. 
Australia affords many examples of the common 
trend : a withdrawal from the marginal conditions 
of the arid lands in favour of a more intensive develop- 
ment of the better watered margins. 
In the past enormous areas of arid land depended 

for their economic life on the camel, just as those 
same vast areas supported virtually only one domestic 
animal-the camel. Apart from a small international 
demand for camel-hair, the camel was important 
essentially as the beast of burden of the arid lands : 
the ship of the desert. N o w  the motor has supplanted 
the camel-almost entirely in Australia where camels 
were introduced but have become wild and practically 
valueless-to a large extent even in their native 
lands of Eurasia and in the Sahara. The economic 
motive has been removed for the use of huge areas 
of the arid lands. 
This changing use of arid lands m a y  have unex- 

pected but far-reaching effects. Are lands which, 
in the past, provided sustenance for camels if no 
other animals doomed to be entirely deserted except 
for posts which serve the motor routes crossing 
them? Thus, on several counts, a decreased human 
use of some arid lands must be faced. 
In conclusion it may be fairly stated that many 

great civilizations have flourished in the past in 
the arid lands or on their margins. Indeed it would 
seem that the arid lands, more than any other parts 
of the earth, have favoured the highest developments 
of mankind : great heights in technical achievement, 
in standards of living, in wealth, material and cultural, 
have been reached. Yet in so many cases destruction 
has been complete-far more than in mid-latitudes, 
where slower developments have led to more lasting 
results. The root cause is seen to be the delicacy 
of balance between m a n  and his environment and 
how many factors there are to introduce a disastrous 
unbalance. Disastrous because there is much less 
latitude of action than under other conditions. 
This delicacy of balance still exists and it points 

the need to the greatest care in the planning and 
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execution of development projecis. A great d a m  
may be a complete success from the engineer’s 
standpoint, a complete failure because the land it 
is designed to irrigate has soils incapable of successful 
irrigation. Or again, the clam may be successful, 
the irrigation successful, yet it fails to benefit the 
people either because the hydrologist and doctor 
have not worked together in control of disease, or, 

more likely, the sociologist’s knowledge of the orga- 
nization of the people has not been used or under- 
stood. 
Every development project must be based on full 

detailed, co-operative and integrated surveys : every 
aspect of the problem must be studied. It is vital 
to make haste slowly if lasting benefits are to be 
achieved. 
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