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1. INTRODUCTION

Man has used wheat as a food since prenistoric times., It was apparently grown in the Middle Eas:
as early as 15,000 B.C., it appears in writings from as early as 550 B.C. and many of the plant's cha-
racteristics were probably well known to man 2,000 years ago (Quisenberry and Reitz 1967).

Wheat is grown extensively over a broad range of climatic conditions and soils and consequently
has a wide geographical distribution. It is the national Ffood in over 40 countries and the main staple
for over one third of the world's population. In Eurcpe and the USSR for example, over 30 percent of
the calories come from wheat (Brown 1963). In addition to starch it contains other valusble nutritive
materials notably proteins, minerals and vitamins. The amino acid yield per heactare from wheat Far
exceeds that of animal products for every one of the essential amino acids. The minerals and vitamins
especially in foods derived from whole grain products and enriched flour are significant nutritionally
(Hegsted 1965, McGillivray and Bosley 1962, Eeitz 1564).

The total annual production of wheat has increased from 171 million metric tons in 1948-1952 to
308 million tons in 1966 (FAD 1967)%. During the same period the area under wheat has increased from
173 to 217 million hectares (15 percent of the world's arable land), and the world average yield from
990 to 1,420 kgs per hectare. In 1966 the production of wheat represented 23 percent of the total
production of all cereals. The corresponding figures for its nearest competitors, rice and maize,
were 23 and 22 percent respectively in the same year.

Because of the overall importance of wheat in human nutrition throughout the world including most
developing countries; the present study was introduced:
1. To summarize the data of wheat production on global, regional and country basis.
2. To examine the factors affecting the producticn and hectare yields with special reference
to use of fertilizers and the response of wheat to fertilizers.
3. To obtain a realistic picture of the possibilities of improvement of wheat production
in the future.

This working paper was prepared as a preliminary step to the fulfilment of the above tasks.

Chapter II consists of a short description of the background and development of high yielding
varieties.

In Chapter III an overall description of climatic conditions and soils in the vheat growing areas
of the world is given with special reference to the influence of these factors on wheat yields.

In Chapter IV an effort is made to give a general picture of wheat cultivation in relation to
other agricultural crops and land use in B8 individual countries where wheat is regularly grown and
has a more or less important role in their agricultural production. Trends of development of wheat
areas, production, and yields and fertilizer consumption per hectare during the past two decades are
given for all the countries for which the relevant data were available. Some essential coaracteristics
and problems of wheat cultivation connected with the efficacy of fertilizer use in various countries
are also shown with the aid of examples from fertilizer trials results.

Although most factors affecting the response of wheat to fertilizers are basically similar in
different countries, the extent of their mutual importance varies greatly from one country, or district,
to another., No attempt has therefore been made in this paper to cover all the factors in every
country, but an endeavour has been made to select some of the essential problems in different environ-
mental conditions on the basis of the literature available. It is obvious, however, that in trying
to discuss a large variety of problems and covering world-wide geographical conditions; there may
have been unnecessary repetition of many subjects while other important features may have been ne-
glected, often because of lack of available data.

Among the indirect factors affecting response to fertilizers,climate is first, especially annual
and regional differences in rainfall often related to soil moisture content. These aspects have peen

# The statistical data of wheat production, area, yields, trade and fertilizer consumption, used
in this paper; are obtained from FAQ Production Yearbook Vel. 21, 1967, and FAD Trade Yearbook Vol.
21, 1967, unless stated othervise.



considered in connection with about 20 countries (including France, U.5.5.K., Canada, U.5.A., Iran,
Iraq, Jordan, Lebanon, Pakistan, Syria, Turkey, Algeria, South Africa, Tunisia and Australia).

Responses related especially to soil factors, such as soil types, physical condition of soils,
leaching, pH, salinity, nutrient status or trace eslements have been bpriefly discussed in connection
with over a dozen countries (incl. Czechoslovakia, France, East and West Germany, Hungary, Ireland,
Romania, U.X., Ue5.5.R., Chile, Japan, Kenya, South Africa and Australia, etc.). The reader's
attention is also called to the effects of cultivation methods and practices on responziveness;
these include cultivation history, rotations {H-Fiuing legumes), tillage methods, dates of seed
and fertilizer application, irrigation, fertilizer forms and placement in conditions prevailing
in about two dozen countries (e.yg. Belgium, Czechoslovakia, Finland, France, Italy, Netherlands,
Romania, Sweden,; Switzerland, U.K.;:-U.5.5.R., Canada; U.5.A.; Afghanistan, India, Japan, Pakistan,
South Africa, Sudan, Tanzania, Tunisia, Australia and New Zealand).

Special emphasis is placed on the role of high yielding, fertilizer responsive, varieties in
about 20 countries where these varieties of Mexican or other origin have been tested. In several of
these countries (e.g. Mexico, Afghanistan, India, Iran, Iraq, Pakistan, Turkey and Morocco) wheat
production has reached or is apout to reach entirely new dimensions due to the impact of these varie-
ties accompanied by higher Ffertilizer use.

Other factors affecting the response of wheat to Fertilizers, such as the use of growth regulators
(ccc), problems of plant diseases and insects as well as Factors affecting the quality of wheat have
also been discussed in connection with wheat growing in several countries. For some developing
countries estimates of future wheat production have been quoted (FAQ Indicative World Plan).

In Chapter ¥V the relationships between wheat yields and fertilizer use per arable hectare, poth
on regional and national bases, are illustrated by graphs. The trends of both these measures during
the past two decades contribute to the estimate of fertilizer responses on national basis which,
within certain limitations, enables one to make an overall summary of the response of wheat to ferti-
lizers. The differences in the response potential in countries with 4ifferent fertilization levels
are also shown. In the last chapter a general summary of the mutual ratios of different fertilizer
nutrients used in different countries and of changes in fertilizer forms used is also given.



II. HIGH YIELDING VARIETIES

During the last two decades the systematic and undeviating work of wheat breeders has resulted in
the development of high-yielding, disease and lodging resistant, semi-dwarf wheat varieties. This
work, often called "The Wneat Revolution", started in Kexico in 1943 oy the Rockefeller Foundation,
with Dr. J. George Harrar as its leader, continued under the leadership of Dr. Norman E. Borlaug* from
1945 and of Dr. Ignacio Narvaes from 1960 (Stakman et al. 1967).

Tne primary need was to develop rust-resistant varieties because of the fatal weakness of Mexican
bread wheats but soon the wheat programme was expanded to develop varieties of general superiority
and wide adaptability. Therefore the campaigns for varietal improvement and soil improvement went
hand in hand. The increased use of fertilizer created the need for stiff-strav varieties that could
remain erect while utilising it, and it created the desire to convert as much of the fertilizer ensergy
as possible into grain instead of wasting it in building more straw than vas needed.

As a result of this succegsful teamwork Mexico has more than trebled her wheat yields and gua-
drupled her wheat production since 1943 and became independent of foreign wheat in 1956 being now
one of the wheat exporters.

The first high yielding variety, released in 1948, was Yaqui 48 (selection from Kentana 43),
followed by Rockkex (selection from Kenya 324) and Gabo 43 (an introduction from Australia). Since
the early fifties a number of new varieties like Chapingo 53, Hayo 54, Huamantla Rojo, Lerma Rojo,
ladadores, Hainari 60 and Sonora o0, resulting from the extensive crossing programme have been
released from time to time. HMayoe o4, Lerma Kojo 64, Scnora o4, Panjamo 62, Bajio 66, Yaral &6, Noroesto &6,
Roqui o6, India o6, Pitic 62 and Tobari 66 are among the latest semi-dwarf wheats ( nafizyggg).

The main advantage of the nev varieties is that they are short in stature and can utilize higher
rates of fertilizer and more irrigation water without premature lodging. To make maximum use of these
wheats they must be fertilized with high rates of nitrogen and phosphorus and irrigated adequately.
Tney do not require more fertilizer but they are able to utilize more Fertilizer efficiently (Fig. 1).
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Figure 1. Generalized curve for the response of wheat to nitrogen applicaticns.
(Ruscel et al. 1970).

* Since 1960 Tne Director of International Wheat Improvement Project of the Hockefeller
Foundation.



The dwarf varieties have broad, green leaves and an efficient photosynthetic ability. They also have
well developed root systems that tend to grov deeper than those of tall varieties. The dvarfs have a
high tillering ability and because of this the short plant height does not necessarily lead to less
strav. Frequently, they produce more straw (Saxena and Sirohi 1967, Wright 1968, Russel et al. 1970).

In addition to fertilization, the nev high yielding varieties differ considerably Ffrom the tradi-
ticnal tall varieties also in other agronomic characteristics such as depth and date of soving and
irrigation requirements, etc., necessitating marked changes in their cultural practices. The new
seeds produce crops in shorter time periocds than most traditional varieties, and thus sometimes make
it possible to raise additional crops. Therefore, in order to make agronomic recommendations, it has
been necessary to conduct precise experiments to learn the best cultivation methods and treatments
required by these varieties in different conditions. 5Some of these are discussed in connection with
fertilizer trials in individual countries.

Mexican-bred Wwheats began to emigrate to other countries as soon as they were fully Fformed, and
some were sent abroad while still in process of formation. Among the Ffirst countries receiving new
wheats from Mexico were Guatemala, Colombia, Bcuador, Chile, Bolivia and Paraguay. In Colombia and
Chile national wvheat improvement programmes vere started in 1550 and 1955, respectively. The Inter-
national Wheat Improvement Project established by the Rockefeller Foundation in 1959 has the ambition
to convert possibilities into realities everywhere by operating on three coordinated points: (a) eco-
logical experimentation, (b) basic research, and (c) educational activities (Stakman et al. 1967).

Due to its operations, often in cooperation with the Food and Agriculture Organization of the United
Nations, high yielding Mexican varieties have been tested, adopted or developed further in numerous
countries.

In some areas, the nev varieties have spread with extraordinary rapidity, while in others the
development has been slower depending on the circumstances in the individual countries. The improved
wheat varieties spread rapidly on the irrigated wheat area in Mexico from 1949 to 19%6.

At present, the improved seed is used on nearly all of Mexico's wheat area, of which nearly 90
percent is irrigated and more than two-thirds is Fertilized (FAQ 1968, b). In Pakistan and India
40 and 2; percent of the wvheat area, respectively, were planted to high yielding varieties in 1968/69
(Table 1).

Table 1. Diffusion of high yielding varieties in Five countries (Rice 1969).

Total wheat : ; g i3
Area planted to high yielding varieties
Coumery 1;:.;}59 1965/66 1966/67 1967,/68 1968/69
- 1000 h -
- 1000 a 1 ectares

Afghanistan 2.228 - 2 26 122
India 15.570 3 518 2.944 4,050
Pakistan 6.000 5 101 958 2.438
Turkey 8.106 - 0.6 170 721
Morncreg 1.978 - - 0.2 5

Further, in Tunisia, Iran and Morocco 12,000, 9,000 and 5,000 hectares, respectively, were planted
to improved varieties and areas of undetermined size were planted in Argentina, Brazil, Ecuador, Peru,
Cyprus, Iraq, Jordan, Lebanon, Israel, Saudi Arabia, Kenya, Libya, Rhodesia, South Africa, Sudan,
Australia, southwestern USA and Europe (Stakman et al. 1967, CIMMYT 1969).

Until about three Years ago, concern was still expressed by a number of commentators that the world
was losing the race between population and food production. The evidence usually cited was "recent
trends" in population and food production, shifts in patterns of grain trade, and a decline in surplus
grain stocks. There were even predictions of impending man starvation. This atmosphere of crisis
was animportant factor in the rapid adoption of new high yielding varieties. Especially the govern-
ments of some Asian countries became concerned over their food problems, and the availability of high
productive grains seemed to offer a solution. In some instances, governments supported high priority
programmes to ensure that farmers would quickly adopt use of the new seeds. Predictions of Food
shortages are still being made but in the past thretyears opinions have been expressed that the world
outlook has changed radically. Evidence cited to support thisview includes falling grain prices,
increased grain stocks, and the rapid spread of the new high yielding varieties (Willet 1969).



In countries where wheat improvement programmes, with high yielding varieties, are already in an
advanced stage, the results are most encouraging and in some of these countries, e.g. Mexico, India
and Pakistan,; revolutionary increases of wheat production have been achieved as shown in Chapter IV.



II1. WHEAT GROWING IN RELATION TO CLIMATES AND 30ILS

I11. a. General Climatic Limitations

It is obvious that through the long history of wheat cultivation the main wheat production has
more or less stabilized in certain areas where the climatic conditions and soils are such that wheat
can favourably compete Wwith other higher yielding crops.

The bulk of the world's wheat is produced on lands with less than optimum precipitation, which
seems to be around 300 mm per year, varying with the seasonal distribution of rainfall and prevailing
temperatures. Even though it is difficult to define the lower limit of precipitation for wheat it
may be stated that little wheat is grown in regions with less than 230 mm of precipitation (Royen 1954).
On the other hand, in more humid regions the lower protein content and competition of other more
yielding crops limit the wheat production.

Although wheat is grown in a relatively wide temperature range very little wheat is produced in
subpolar climate regions with less than 100 days growing season. The ma&n climatic Factor setting
the northern and southern limits of effective wheat production (about &7 N in Norway and Finland
and 45 5 in Argentina) is low temperature. The same Factor limits the production alse at high alti-
tudes, even at the lowest latitudes. At the Equator for example, the practical limit of wheat growing
is up to an alritude of about 12,000 Ft. or about 3,700 m (Peterson 1965). In warm humid regions
the susceptibility of wheat to diseases limits its production and practically no wheat is grown
in regions of tropical rainy climate and little in regions of numid suotropical climate such as
soutnern China and southern United States. Toward the Equator the limiting factor is essentially
a combination of high temperature and humidity (Royen 1954j.

III. b. Areal distribution and yields in relation to climate

Climate is a most complicated factor affecting the growth of crops since in different parts of
the world different partial climatic factors may dominate in determining crop growing. Therefore, in
this study no attempts to obtain a complete analysis of climatic Factors on the growth of wheat are
made, However, since the bulk of wheat production takes place in areas receiving less than optimum
rainfall it ds obvious that inadequate precipitation is likely to be the most important climatic
factor limiting the growth of wheat and thus determining the quantity of yield (Figs. 2 and 3).

To assess the relationship between wheat growing and climate, world wheat maps (Callaghan
and Millington 1956, Guidry 1964, Reitz 1967, Royen 1954) were compared with a world map of climate.
The climate map used was that of Papadakis {1963{ which is based on principles of crop ecology
and a draft of which is available at a scale of 1:5,000,000, The results of the comparison are
summarized in Table 2 where the distribution of the wheat areas of 44 countries covering over 30
percent of the world's total wheat area into climatic groups is given. The Humidity Index
(Papadakis 1966), an index relating precipitation and porential evapotranspiration, gives an
indication of moisture available for crop growth in each climatic subgroup.

Estimations of average Humidity Index for the wheat areas of each country and of average
wheat yield within each climatic group were calculated on the basis of the relative distribution
of climatic groups using the principle of weighed averages.



World wheat production, average 1957-61 (Guidry 19ﬁ4)-

Figure 2.



Figure 3. Average annual precipitation (Guidry 1964}.



Over one half of the wheat area of the world is in areas of 5Steppe climate, a more or less dry
climate with cold winters and Humidity Index varying from about 0.5 to 1.0, usually around 0.7. The
climates of the two largest subgroups, Semiwvarm and Cold Steppe; prevail in 40 to 50 percent of the
world's wheat area and are typical for most wheat growing areas in U.5.5.EK., Canada [ﬂlhertl, Hanitoba,
Saskatchewan), U.5.A. {e.g. Kansas, Nebrasxa, N. and 5. Dakota) and some Eastern Eurcpean Countries
like Bulgaria, Hungary, Komania and Yugoslavia. Considerable wheat is growing also in areas of Warm
and Honsoon Continental Steppe climates especially in Mainland China. Typical wheat yields are around
1600 kg/ha but depending on Fertilizer use nay vary from less than 1000 to over 2000 tgfha.

Mediterransan climate, characterized by dry summers and more or less humid winters and where
Aumidity Index is usually 0.3-0.5 is prevailing in about 13 to 17 percent of the world's wheat area.
This is typical climate for Mediterranean countries poth in southern Burope and northern Africa as
well as in Turkey. Elsewhere wheat is growing under these climatic conditions especially in 5. and W.
Australia, South Africa and inland Washington, U.5.A. The success of a crop depends on the start of
the summer season. & start in April (Horthern HemispherE} is hazardous,; earlier it is impossible
without irrigation and later usually satisfactory. Yields are usually about 1100 kg/ha, often as
low as 700 kg/ha (North Africa) but may be 1500 kg/ha or higher if more fertilizer is used. It is
probable, however, that the primary limitation is water, not plant nutrients.

Apout one tenth of the Wwheat area ocours in areas of Subtropical climates, where the winter is
sufficiently cool. In India and Pakistan the climate is very dry, Humidity Index about 0.4 and
irrigation is required if the humid season is short. In Mainland China and Uruguay it is often too
humid, (H.I. around 2) with consequent disease problems, and rains may interfere with harvesting.
In both cases the yields are low, in the region of 300-1000 kg/ha and little fertilizer is used,

0f the other areas there is extensive wheat growing {8-10:} in the Marine climates prevailing
in most European countries, in parts of U.5.5.K.,; Chile, New Zealand and in Ontario, Canada. Within
this climate, moisture is usually not a limiting factor in crop growth and with Humidity Indices of
1.3 to 1.5 heavy fertilizing produces heavy yields, usually in the 3000-4000 kg/ha range.

The temperature range within the group of Marine climate is relatively wide and consequently
the wheat yields in both extreme temperatures conditions {Harm and Cold Temperate subgroups) are
considerably lower, 1600-1300 kg/ha.

About 5-6 percent of the world wheat area occurs in Humid Continental regions, in Mainland China,
North and South Xorea, Japan, U.5.5.R. and U.5.A. {Illinuis, Indiana, Ghio}. The Humidity Index is
high, 1.3-1.6 and the yields vary from less than 1000 kg/ha {North XKorea, China) to over 2000 kg/ha
(Japan, U.5.A,) depending on fertilizer use.

Pampean climates, which are similar to the Steppe climates except that the winters are mild,
exist on about 3-4 percent of the world wheat area, Humidity Index is usually 0.6-0.7. In the
Typical Pampean climate of Argentina crops frequently fail because of drought but high yields in
good seasons compensate. The wheat yields tend to be about 1200 to 1500 kg/ha but in the Marine
Pampean climate, where the Humidity Index is a little higher, and with heavy fertilization, yields
exceeding 3000 kg/ha (New Zealand) can be produced.

The areal distribution of wheat land according to Humidity Index is summarized in Fig.4.

Somewhat over one fourth of wheat land is in areas of very dry climate; H.I. 0.6 or less, mainly
in Mediterranean, Subtropical (Monscon and Hot) and Pampean climates. Over one half occurs within
the humidity range of H.I. 0.6 to 1.0, mainly under Sfeppe climate and only about one fifth in
humid (H.I. over 1.0) climates, Marine Humid Continental and Humid Subtropical.

The relation between national wheat yields {1962-66} and average Humidity Index of wheat areas
of 44 countries, with special reference to the level of Fertilizer use, is given in Fig. 5 and sum=-
marized in Table 3.

It can be seen that regardless of the humidity of climate:

= in countries using less than 40 kg fertilizers per arable hectare the yields are less than
1600 kg/ha.

= in countries with «0-=110 kgfha fertilizer use the yields are vithin the range of 1700-2100 kg/ha.

= in countries using over 110 kgfha the yields vary from about 2000 to 4400 ngfha.
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Figure 4. Areal distribution of wheat land in relation to humidity of climate.
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Table 3. Averages of national wvheat yields {kqfhl} within Ffour humidity classes and three
Fertilizer use classes (The number of countries within parentheses).

Humidity Fertilizer use; kg. per arable hectare
Average
Index
< 40 40 - 110 2110
< 0.6 (12) 910 (2) 1350 (o) 1330 =
0.6 = 1.0 (4) 1410 (4) 1920 (1) 3160 2163
1.0 = 1.4 {2) 740 {1) 2030 (&) j2s0 2007
> 1.4 (1) 1075 : (1) 1720 (10) 3050 1948
Average 1034 1380 53 = -

:f The average 1330 kgfha is apparently too low because of lack of vield data on the
lowest humidity-highest fertilizer use class. For the same reason, the average
3153 may be too high.

It is obvious that the yield differences betveen the three fertilizer use classes are more clear
than those between the humidity classes. However, it is apparent that increases by fertilizing are
possible only where moisture is sufficient to grow the heavier crop. Generally, it is probable that
in drier areas modest yield increases from relatively small dressings of fertilizer (mostly M) would
be the most economic proposition. In wetter parts experience, e.g. in Western Europe, has shown
that heavy fertilizing can produce very high yields.

The effect of soils must be considered as soils also vary with climate, and the nature of the
soil has an important pearing on the fertilizer response.

In the driest wheat regions the soils are frequently Solanchaks and Solonetz, being affected
by salts which accumalate in the soil because there is insufficient leaching rainfall to remove
them. These salts will often depress yields. Secondly the lack of water reduces weathering and
many soils are sandy and retain little moisture from the wet season till the dry. Thirdly, low
production and high summer temperatures lead to a low equilibrium level of organic matter in the
- s0il and this also reduces vater retention. Further, it reduces nutrient retention, nitrogen levels,

and structural stability (and hence tillability and erosion resistance). The production from these
soils is often less than 1000 kg/ha.

In the soils receiving somewhat higher rainfall most of these disadvantages are removed. Salts
are leached but not bases and soils are neutral in pH. with adequate organic matter levels, mode-
rate amounts of clay, sufficient depth for good rooting, good structure and so on. Kastanozems, Chernozems

and Phaeozems are examples. These are eéxcellent wheat soils but high production levels are pre-
vented by lack of moisture.

In still wetter climates the soils are more leached of bases, pH's are acid, clay movement
to form argilluvic horizons is typical, organic¢ matter contents are higher, and in general only

the application of fertilizers is necessary to make them capable of very high yields. The Orthic
Luvisols (Grey-brown Podzolic soils) are typical.

Wheat is capable of yielding a reasonable crop under both dry and cool conditions and tends
to be supplanted by other crops in more favourable areas. Host of the world's wheat lands are,
therefore, found in rather inhospitable climates with cold winters and lon? dry summers. About

d0 percent of these areas are more or less deficient in moisture {H.1.€1.0) and crops liable
to failure in dry years.



III1. c» Distribution of soils in wheat Areas.

In general, wheat prefers soils within tne texture range from clay loams to silts, containing
fair amounts of lime and humus and having neutral to slightly alkaline reactions. Mowever, it can
e successfully grown on a large variety of soils with proper soil management, fertilizing and
moisture control practice. An estimation of the distribution of wheat growing on various soils is
given in Table 4. The estimation is based mainly on maps showing the distrioution of wheat production
areas and on corresponding soil maps (FAD 196dc, Callaghan and Millington 1956, Guidry 1964, Eoyen
1954, Reitz 19€7). 1In the new classification system of soils developed by the Soil Resources Office
{Fhﬂi. for the soil map of the world, and described in detail by Dudal (1963), the soil units used
in various parts of the world are correlated under universal legend. This makes it possible, for
the First time, to give a relatively homogeneous picture of wheat soils in various parts of the
world. However, because of the small scales of both soil and Wnezt production maps too detailed
interpretation of the maps are to be considered with reservations.

The most common wheat soils are the Chernozems, making up some 55-63 million hectares or some=-
what less than one third of the total wheat area., The bulk of Chernozems is located in the USSE
where more than one half of its wheat is produced on these soils. Other substantial Chernoczem-wheat
areas are in North America where they make almost one half of the wheat soils in Canada and some
10-12 percent of those in the USA. About three quarters of Chernozems were classified as Haplie
(nermal) Chernozems (including Rego Black and Orthic Black Soils in Canada's Haploborells in USA's
and Typic Chernozems in USSR's classification systems). Luvic (washed) Chernozems with illuvial
clay accumulation {(Eluviated Blacsk soils, Canada; Argiborolls, USa; and Podsolized Chernozems,
US5R), are almost as common as the Haplic ones in Canada but the total acreage of these is greatest
in the US5R. Some Calcic Chernozems with substantial lime or gypsum accumalation exist in the wheat
pelts of US5R and USA.

The second largest group of wneat soils are the Luvisols, covering some 35-43 million hectares
or about one Fifth of the world's total wheat land. About a half of them have been classified as
Brunic {brown) Luvisels (including Grey-Lrown podsolic soils, Australia, Canada; Sols Lessivés
modaux, France; Parabraunerde, Germany; Hapludalf and Haploxeralf, USA; Fodsolized brown forest
soils, US5R) while Chromic (coloured), Lavisols {Terra Rossa, Australia, Italy; Ked Brown Earths,
Australia; Terra Rossa and Terra Fusca, Germany; 5ols fersiallitigues lessivés, France; Soles
Mediterraneas Vermelhos ou Amarelos, Portugal; Rhodoxeralf and Haploseralf, USA; Cinnamonic s0ils,
USS5H) are somewhat less extensive. Hrunic Luvisols are the dominating wheat s0ils in most European
countries but also oucside Europe, e.g. India, Turkey and USA, much wheat is grown on these soils.
Most extensive Chromic luvisol wheat areas exist in Australia, Mainland China, Turkey and other
Mediterranean countries. Other subgroups of Luvisols are less important as wheat growing soils.

The third largest soil group of wheat areas is that of Kastanozems (including Brown and Dark Brown
soils, Canada; Ustolls, USA; Chestnut soils of the dry steppe, USSR covering some 30-37 million
hectares or about one sixth of the world's total wheat land. These are the dominating soils in
Rorth American wheat lands where they make over one half of USA's, about one half of Canada's and
one third of Mexico's wheat soils. Elsewhere wheat is grown extensively on these soils in the UsSsE,
Argentina, Mongolia, Turkey and in some North African countries. Luvic Kastanozems with illuvial
clay accumulation dominate in USA and Mexico while in most other countries Haplic Yastanozems with
simple, normal horizon sequence exist more extensively. Some North African wheat soils belong to
the subgroup of Calcic Kastanozems including substantial lime or gypsum accumulation in the profile.

The fourth largest group of whneat soils is the Phasozems {including Brunizems, Argentina; Hap-
ludolls and Argiudolls, USA; Degraded and Podsolized Chernozems and Grey Forest soils, USSR). Most
of these soils are located in Eastern Europe (USSR, Romania, Bulgaria, Yugeslavia, Czechoslovakia)
and in South and North America (Argentina, Uruguay, USA, Mexico), totalling 15-20 million ha of wheat
land,

The fifth group of soils having more than local importance as wheat soils is the group of Cambi-
s0ls. For these soils (13-1? million hectares), which are relatively evenly distributed all over
the world excluding the most northern and southern countries, the typical Features are changes in
colour, structure and consistency resulting from weathering in situ. MHost of these soils in wheat
areas have been classified as Eutric (good) Cambiscls (including Orthic brown forest soils, Canada;
bBraunerde, Germany; 5ols bruns modeaux and Sols bruns eutrophes tropicaux, France; Eutrochrepts,
Ustochrepts and Xerochrepts, USA).

The soils described above cover over 30 percent of the world's wheat land. The remaining groups
of soils have more or less only local importance like Gleysols in the Netherlands, United Kingdom, Main-
land China, Japan and UAR, Vertisols in Uruguay and India, Fluvisols in Italy, Chile and UAR, Solonetz
in Australia, Planosols in Socuth Africa and Podsols in Scandinavian countries, Austria and North Lorea.
In some scils like Xerosols wheat can only be grown successfully under irrigation.
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I1I. d» Wheat vields in relation to moils.

A general description of soils of wheat areas and an estimation of their distribution were given
in the previous chapter. Because aleso data of naticnal yields are available it is possible to make
estimationa®* of wheat yields obtained on different soils, however, with certain reservations:

(a) It must be borne in mind that an average yield harvested from a certain scil cannot be consi-
dered as an index of the potential of this soil to grow wheat.

{b] Climatic factors are correlated to yields and soils and their effect may be greater than that
of soil itself.

{c} Soil and crop management, including fertilization, irrigation, varieties and plant protection,
etc. vary considerably from one area to another and conasequently from one soil to another
causing differeances in yields which are not directly related to soils.

(d) Thereforas, the estimations of wheat yields given below must be considered as results of all
the combined effects (soils, climate, management, etc.) rather than soils alone. In other
words, these figures are sstimates of yields harvested from various socils in prevailing con=
ditions, not the estimates of the growing potential of the soils.

Table 5. Estimation of yields of wheat grown on different soile
in wheat growing areas in 47 countries covering about
nine tenths of the world's total wheat area.

Seils Estimated Seils Estimated
yield, kg/ha yield, kg/ha

Gleyeols 2600 Phaeozems 1500
Luvisols 2100 Chernozems 1300
Podsole 1500 Kastanozems 1100
Cambisols 1800 Sclonets 900
Fluvisols 1700 Vertisols 900

Xarosols T0O

The average yield estimated from Oleysols (2600 kg"'hl} is considerably higher than yielde from
any other soil. Thie ies mainly because these soils are more or less dominant in the Netherlands and
the United Kingdom (Table 4) in beoth of which abundant fertilizers have been used, climatic conditions
are favourable, and consequently national yields are among the three highest in the world.

Luvisols and gambisols, ranking sevond and fourth in yields (2100 and 1800 kg/ha) are typical
wheat socils in most European countries and have been subject to relatively heavy fertilisation, which,
naturally, has contributed to the high yields.

The average yield of wheat grown on Fluvisols im as high as 1700 kg/ha mainly because of the high
Fields in U.A.R., where these soils are relatively more abundant than in other countries.

In spite of the low yields in North Kéru, where Podsols are the dominating soils, the average
wheat yield on Podsols amounts to about 1900 kg/ha due to higher yields in North and Middle Eurcpe
where most of these soils exiet.

Phaeozems, existing mostly in Eastern Europe and in Southern America, Argentina and Uruguay, yield
up to 1500 kg/ha.

®* Tield estimations given in Table 5 were calculated on the basis of the relative distribution of
different scils in wheat growing areas of 47 countries and on corresponding average naticnal
yields using the principle of weighted averages.



Chernozems, which usually have been considered as one of the best soils, produced an average yield
of 1300 kgfhn. The reason for the relatively low yields, however, is apparently not the low yielding
potential of these soile but their location in the semi-arid areas of USSR, Canada and USA, where mois-—
ture is the main limiting factor of crop growth.

Partly for the same reason the wheat yields obtained on Kastanozems, Solonetz, Vertisols and Xe—
rosols are lower than those of other moils in more humid areas. FParticularly the low yields obtained
in eonditions of very low precipitation in Libya lower the average yields on Xercsols and Sclonatsz.

The difference between the lowest and highest wheat yields obtained on different soils is almost
fourfold (Table 5). Even though it is evident that much of the difference is due to climatic condi-
tions and varying soil and crop management practices, the gquantitative contribution of these factors
in very difficult to evaluate. However, it may be safely etated that the growing potential of the
various soils is much more uniform than is indicated by the figures in Table 5.



IV. WHEAT PRODUCTION, FERTILIZER USE AND FERTILIZER

RESPONSES IN DIFFERENT COUNTRIES

IV. a. Eurcpe

In 1948-52 Eurcpe (excluding U.5.5.F.) contributed 23.3 percent and in 1962-66 22.8 percent of the
world's total wheat preduction. In 1966, on the average, about 18.5 percent of the arable land in
Europe wae under wheat some of which was grown in every European country (Except Iceland). However,
nine countries contributed 50 million tons or about 80 percent of the total production: France ([11.3
million tone); Italy (9.4); Romania (5.1); Spain (4.8); Yugoelavia (4.6); West Germany (4.5); Poland
{3.6); United Kingdom {3.5}' and Bulgaria ILE]. The production per capita (140 kg) exceeded the world
average by about 56 percent and the yields harvested were far higher than in any other regior of the
world.

1. Albania

Wheat is the second crop in importance (after maize) in Albania where it was grown on 130, 000
hectares or on 26 percent of the cultivated land area in 1966. The production, 115,000 tons, corres-
ponded to 50 kilograme per capita. From 1948-52 to 1962-66 the average annual wheat production in-
creased by 20,000 tone or 22 percent.

Table 6. Area, production and yield of wheat and fertilizer use - Albania.

Periods Wheat Wheat Aver. nat. :;;'; ﬁfb{ar;iliser
and area production yield e it e
change {1000 ha) {1000 tone) (kg/ha) F2°5 K,0 ol
1948-52 94 Bg 950 - - -
196266 122 1059 880 7 2 13
Iner. (+) i +28 +20 =70 - - -
decr. {-]

Thie increase was entirely obtained by increasing the wheat area since the average hectare yields
decreased during the corresponding period. One reason for the low yields (second lowest in Eurcpe) is
apparently the low level of fertiliger use which, for example, in the latter period given above, was
only 13 kilograme per arable hectare and less than in any other European country. Toward the end of
this period the consumption of fertilizers increased to about 17 kg/ha, most of the increase consis-
ting of phosphates. No commercial fertilizere are produced in the country.



2. Austria

Wheat im the most important grain erop in Austria where it was grown on 114,000 hectares or on
19 percent ¢f the arable land in 1965. The corresponding figures for barley, rye and ocate ware
230,000, 144,000 and 126,000 hectares respectively.

The wheat production, 897,000 tons, corresponded to 123 kg per capita in 1965. The consumption
of wheat as food was 59 kg per capita in terms of flour in lﬂﬂﬁfz? (Int. Wheat Council, 1968).

Table 7. Area, production and yield of wheat and fertilizer use - Austria.

Periods Wheat Wheat Aver. nat. Use of fertilizera
and ares production rield kgfarnhln hectare
change { 1000 ha) { 1000 tons) {kg/ha) g FQGS X0 e
1948-52 204 348 1710 13 20 16 49
1962-66 284 T41 2610 46 67 81 194
Tner. (+) + B0 + 193 + 900 + 13 + 47 + 65 + 145
decr. (=) o
i

Austria more than doubled its wheat production from 1948-52 to 1962-66. More than half (58%), of
the 393,000 tons increase in production is due to increased national yield and the rest ([42%), due to
expansion of wheat area.

A subetantial increase in the annual use of fertilisers, from 49 kg per arable hectare in 1948-52
to 194 kg/ha in 1962-66 has raised the average Austrian farmer to twelfth as a consumer of fertiliszers,
harvesting also the twelfth highest wheat yield in the world. A similar trend seems to continue, since
in the end of the latter periocd fin 1965}, the consumption of fertilizers was 211 kgfha and the average
national wheat yield 2,860 kg/ha.

Differing from most other countries the use of potassium fertilizers now considerably exceeds
that of nitrogen and phoaphorue and about £5 percent of the increase in fertilizer use mince 1946-52
ia due to potassium. If the increase of the average national wheat yield is considered as an index
of response to increased use of fertilizers since 1948-52, the response factor would be 6.2 kg wheat
per 1 kg nutrient given in fertiliszers. A responae of about half of that would still be economical in
Austriam conditiona®),

Austria imports almost all of ite potassium and about one half of ite phoephorus but produces
2.5 times as much nitrogen fertilizers as is used in the country itself.

#} 1966 pricem: Average price for the three nutrients based on the ratio of their use
in practice.



1. Belgium

In Belgium, as in most European countries, wheat ie the principal grain crop covering about 24
percent of the arable land and 43 of the cereal area in 1966.

In spite of the relative importance of wheat in Belgiam agriculture and of very high yields (fourth
highest in the world in 1962-66), the production (660,000 tons in 1966) corresponds to only about 86 kg
per capita because of the high population. This is somewhat less than what is consumed as food within
the country. (Int. Wheat Council 1968).

Table 8. Area, production and yield of wheat and fertilizer use - Belgium.

Periods Wheat Wheat Aver. nat. Use of fertilizera
and area roduction yield kg/arable hectare
Change (1000 ha) fmm tons) (kg/ba) 5 70, Ez‘:' o
1948-52 163 525 3220 84 93 130 307
1962=66 216 810 3750 158 138 194 490
Iner. (+) + 53 + 285 + 530 + 74 + 45 + 64 + 183
decr. (=) er

From the five year period of 1948-52 to that of 1962-66 the production of wheat increased by
285,000 tone or 54 percent. About two thirde (67%) of this increase was due to 53,000 hectares expan—
eion in annual wheat cultivation area and one third (33%) to increase in average annual yield.

For a long time Belgium has been one of the three leading countries in fertilizer conmsumption
with Netherlands and New Zealand. In 1948-52 307 kilograms of nutrients per arable hectare were ap-
plied in mineral fertilizers, an amount that even now is exceeded only by five countries. In 1966
the consumption was 520 kg (168 kg ¥, 160 kg PO and 192 kg K_0) per arable hectare and the ratio be-
tween the three nutrients was somewhat changed in favour of n?trum and phosphorus. About one half
of the production of nitrogenous and one third of that of phosphate fertilizers have been used in Bel-
gium, while potash has been imported.

Because of the high yield level in Belgium and already heavily fertilised soils the response of
average national wheat yield to increased use of fertilizers is lower than in most other countries.
(Fig. 36-37). Therefore, Belgian agricultural science has recently paid increasing attention to other
factors affecting the crop growth. As an example, the interesting study carried out by Stryckers and
van Himme {1966) on the intermction between growth regulator (CCC), herbicides and nitrogen fertiliza-
tion is gquoted here. According to their results, CCC (1.5-2 kgﬂ"hai had no adverse effect on herbici-
dal properties, and ite presence in the spray gave improved control of: Matricarim recutita in winter
wheat using MCPFA and INOC; Stellaria media in epring wheat using MCPA; AT:TEmum: myosurcides and Ape-
ra_spica~venti using INOC and ioxynil; Poa annua in spring wheat using « Control of Poa annua by

in winter wheat and of Stellaria media by ioxmnil in epring wheat was adversely affected by GCC.
Adding urea at 25 kg N/ha to CCC + growth substances tended to emphasize the shortcomings of the her—
bicides, especially on plote containing Polygonum persicaria and Stellaria media and where mecocrop
was ueed, though top—dressing with N 1-2 weeks later aleo did this. Improvements in control of A. myo—
suroides and A, spica-venti in winter wheat with DNOC and Stellaria media in epring wheat with lﬂﬂﬂ'
or ioxynil in the presence of CCC were obtained by adding 40 kg N/ha as urea. The reduction in straw
length given by CCC alone was 5-25% in winter wheat. Pigurea for CCC and MCPA + CCC, respectively,
for epring wheat were: 24-41%, depending on the variety. The effect of CCC on winter wheat was ine
creased by adding 0.5 ioxynil-Na and still more by 5 kg DNOC—ammonium. JIoxynil by itself increased
straw length. Effects on wheat were somewhat reduced by adding 40 kg H,l'"hl as urea to the spray. Ear
length was decreased by MCPA and increased by N. CCC plus herbicide reduced the number 6f fartile
tillers; this was partially counteracted by N except for INOC + CCC + urea in spring wheat and ioxy=-
nil + CCC + urea in winter wheat. Hoeing adversely affected tillering in winter wheat; this was coun—
teracted by CCC plus topdressing with N. CCC tended to reduce grain yields even when herbicides were
added, unless extra N was applied; 40 kg N/ha as ammonium nitrate, applied 1 week after epraying spring
wheat, was more effective than adding urea to the BpTAY.




4. Bulgaria

Wheat was grown in Bulgaria on 1,142,000 hectares in 1966 or on 25 percent of the arable land
area, It was the most important cereml of the country covering an area equal to that of its four nea-
rest competitors combined (maize 574,000, barley 416,000, cats 113,000 and rye 41,000 ha).

In 1966 Bulgaria produced 387 kh wheat per capita which was the highest in Burope (excluding USSR)
and fourth highest in the world.

Table 9. Area, production and yield of wheat and fertilizer use — Bulgaria.
Periods Wheat Wheat Aver. nat. Use of fertilizers
and area Fruduction yield kg/arable hectare
Change {1000 ha) 1000 tons) (kg/ha) o P2u5 Ez':' Total
1548-52 1432 1776 1240 3.4 0.5 0u1 4.0
1962=66 1184 2442 2060 35.6 2443 2.1 £2.0
Iner. (+) - 248 + 666 + B20 +32.2 +23.8 +2.0 +58.0
decr. {‘-} i3
From 1948-52 to 1962-66 the average annual wheat production increased by 37.5 percent. This is

entirely due to the 65 percent increase in hectare yields because during the same period a considerable
decrease in wheat area (17.4%) toock place.

Very little fertilizers were used two decades ago. In 1948-52 the consumption was only 4 kgs
per arable hectare but in 1962-66 the corresponding figures were 15 times higher or 62 kg}’hl, which
fairly well explains the substantial increase in the national wheat yield. The emphasis on fertili-
zer consumption has been on nitrogenous and phosphate fertilizers, while the use of potash fertiliszers
has been very low.

Bulgaria's fertilizer production in 1966 met the domestic consumption of nitrogenous Tertilizers
and about two thirds of phosphate fertilizer consumption.

In most Bulgarian field trials good responses to nitrogen and phosphorus have been obtained while
to potassium wheat has responded somewhat less. Emmolaev (1965) found that on strongly leached cherno-
zem 80il the most favourable nitrogen-phosphate rate for dryland wheat was 80 kg N and 30 kg P.0. per
hectare. Additional phosphate doses increased the yield only ineignificantly. Increases of p;o?ain
and gluten contente of grain were mainly due to nitrogen while phosphate did not affect substantially
these two qualities. Velchev and Baleveka (1965) obtained both highest yield and highest monetary
return when fertilizing Bezostaya wheat with 90 kg N and 60 to 90 kg P.0_ per hectare on slightly
leached chernogem soile. The response to nitrogen was twice that to pgaiph..tn but both nutrients had
the highest effectiveness in their combined use. Addition of 90 kg K,0/ha had only a slight effect
on yield in combination with low N and P rates while at high N and P zpplicatioh levels it exerted an
inhibitory effect on wheat yields. Similar results were obtained by Draganov and Filipow {1966) cn
leached chernogem smolnitza soils.

On the baeie of the results of trials carried out in 1959 — 1963 on leached chernczems Ermolaev
{1964) found that the most suitable period for fertilirzing winter wheat with ammonium nitrate was
from the end of November to the beginning of May. Split application did not prove to be any better
than single application at the most suitable time.

In three—year experiments on the fertilization of irrigated wheat the highest average yield,
4,750 kg/ha, exceeding the yield of check plots by 68 percent, was obtained with the combination of
160 kg N, 160 kg PO, and 160 kg K,0/ha (Table 10) but the highest monetary return (132.3 leva/ha)
was obtained with Z ?Eﬂ - 120 = 100 treatment.



Table 10.

Results of three—year fertilization experiment on irrigated wheat near Pav likeni
Bulgaria (Petkov, 1966).

Fert. Treatment Yield Yield increase Net profit Responae
N = P205 - Kzﬂ kg/ha Leva/ha ratio
kg/ha kg/ha Value Costs kg grain/
Leva/ha Leva/ha kg nutr.
check 2840 - - - - -
60-80-100 3850 1010 121.2 53.8 67.4 4.2
50-80-100 4230 1380 166.8 62.8 104.0 Gel
90-120-100 4260 1420 170.4 75.3 95.1 4.5
120=-80=100 4410 1570 188.4 T1.8 116.6 5.2
120=-120-100 4510 1670 200.4 84.5 115.9 5.2
120=-160-100 4470 1630 195.6 94.3 101.3 4.3
160=120=100 4720 1880 225.6 93.3 132.3 4.9
160=160=150 4750 1910 229,2 103.3 125.9 4.0




5. Czechoslovakia

Wheat was grown in Czechoslovakia on 889,000 hectares or on 16.5 percent of the arable land in
1966. It is the most important cereal of the country and constituted 38 percent of its cereal produc—
tion in 1966, The production per capita {155 kg} is somewhat above the average of Europe. In spite
of yearly variation in the wheat area there haes been no change in the average wheat acreage from the
five-year period 1948-52 to that of 1962-66.

Table 11. Area, production and yield of wheat and fertilizer use = Czechoslovakia.

Periods Wheat Wheat Aver. nat. Use of feartilizers
and area production ¥ield kgj‘nmble hectare
change {1000 ha) (1000 tons) {kg/ha) W Pp“s, EQ{J Fotal
194852 785 1493 1900 10 12 15 16
1962-66 185 1896 2415 a 44 61 145
Iner. (+) or il + 403 + 515 + 1 + 32 + 46 + 109
deer. (=) -

Thus, the 27 percent increase in wheat production is a direct consequence of a similar increase
in the national yield. The main reason for the higher yields during the latter pericd is apparently
the threefold inerease in the use of fertilizers. Fotassium consumption exceeds that of the other
two nutrients even though during recent years the relative increase of nitrogenous fertilizers has
been somewhat higher. In 1966 the consumption of nutrients applied in fertiligzers was 173 kg per a-
rable hectare (52 kg N, 48 kg P.O. and 73 kg Kzﬂfhl.}. The production of phosphate fertilizers appro-
rimately meets the consumption, ile about 10" percent more nitrogenous fertilizers have been con-
sumed than produced in the country. FPractically all potash fertilizers are imported.

Among the most important factore limiting the efficient use of moils in Czechoslovakia are the
unsatisfactory water conditicva of soils (27 percent of soile are in waterlogged condition) and the
acidity of moils (66 percent requiie liming). Over one third of the agricultural land is succeptible
to erosion, four fifthshave too low iswmus content, and on half of the land the tillage layer is too
shallow. About 50,000 hectares have b.en spoiled by coal mining, 40,000 hectaree are saline and some
200,000 otherwise not fertile (Damaska 1766).

In Ceechoslovakianconditione the time of ploughing and pre—sowing preparation of soils has a very
substantial effect on the wintering and on y!sld of winter cereals, especially of wheat. In the expe-
riments reported by Petr. et al, (1966) as muc: mm 635 kg/ha (three-year average) yield increase was
obtained by timely ploughing and tillage over th-se carried out after the optimum time. FHelatively
emall differences due to fertilizer placement on wheat yields were found in the three-year field triale
reported by Hrbacek and Ambrogova (1966). According *o Kordik and Moudry (1966) the economic optimum
of nitrogen fertilization of winter wheat (Fig. 6) vai:ss from about 65 to 95 kg N per hectare depen—
ding on the method of application.

For aplit application both the maximum profit rates of ¥ and yield increases obtained are higher
than for single application but the difference in the response catios (about 8 and 7 kg wheat per
kg N, respectively) is rather small,
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Pig. 6. Economic optimum of single (X1) and split applications (Xp) of nitrogen for winter
vheat (Lordik and Moudry, 1966).



6. Denmark

Wheat plays a relatively small rele in Danish agriculture, in 1966 it occcupied only 3.5 percent
of the arable land area or less than one tenth of the fields under the major cereal, barley. However,
because of the very high yields, second highest in the world in 1962-66 and highest in 1966, the pro-
duction of wheat exceeds the consumption within the country. In 1966, for example, 81 kg wheat was
produced per capita while the consumption as food (in terms of wheat flour) was 42 kg (Int. Wheat
Council 1968). PFrom the five-year period, 1948-52 to that of 1962-66, the wheat production almoat
doubled deapite a large decrease during the latter period (644,000 tons in 1962, 390,000 tona in 1966).

Table '2. Area, production and yield of wheat and fertilizer use — Denmark.

Pericds Wheat Wheat Aver. nat. Uge of fertilizers
and aresa production yield kﬁiprahle hectare
change (1000 ha) (1000 tons) (kg/ha) ] PO, ,0 Potat
1948-52 78 285 3,630 24 31 41 96
1962-66 127 527 4,150 64 45 65 174
Tner. (+) - + 49 + 242 + 520 + 40 + 14 + 24 + 78
deer. (=)

About B1 percent of the 242,000 ton increase in production is due to the 49,000 hectares expan—
sion in wheat area and 19 percent due to increased national wheat yield.

The consumption of commercial fertilizers in Denmark even though almost doubled from 1948-52 to
1962-6F is still relatively low compared with other countries cbtaining wheat yields on a correspon-
dingly high level (See Fig. 16 p.114). Beaides favourable climatiec conditions and advanced farming
meéthods adopted by Danish farmers, the fact that the nutrients applied in commercial fertilizers are
equalled by those brought into soil in farmyard manure (Landbrugsraadet 196?] at least partly explains
the high yields.

In spite of increasing production of fertiligzers in Denmark, about three fourths of nitrogenous,
one fourth of phosphate, and all potash fertilizers were imported in 19646,

According to the report of CIMMYT (1969) the Mexican dwarf varieties Tobari 66 and Inia &6 are
being grown succeasfully also in Denmark. At these high latitudes, it is necessary to use high rates
of seeding (250 kg/ha) and heavy fertilization to obtain high yields. When properly sown and ferti-
lized, the two Mexican varieties are reported to yield as highly as the best European mpring wheat
varietiea, and have the advantage of being 2 to 2§ weeks earlier in maturity.



Ts Finland

In Finland, the world's most northern agriculture country, oats and barley are the main cersals
In 1966 these covered 479,000 and 321,000 hectares respectively, while the wheat area was
Because of climatic limitations wheat was grown
In 1966 the production of wheat corresponded to 79 kg
From 1948-52 to 1962-66 the wheat production increased by 66 percent, B1 percent of which
was because of the increase in wheat area and 19 percent because of higher yields.

ETOWN.

209,000 hectares or T.6 percent of the arable land.
mainly in the scuthern part of the country.

per capita.

Table 131. Area, production and yield of wheat and fertilizer use — Pinland.

Periocds Wheat Wheat Aver. nat. Use of fertilizers
and area roduction yield kg/arable hectare
change (1000 ha) f1mo tons) (ke/ha) ] 70 K0 Total
2°5 2 -
1948-52 171 263 1,540 T 25 13 45
1962-66 254 4316 1,720 32 43 35 110
Incr. {+§ s + 83 + 173 + 180 + 25 + 18 + 22 + 65
deer. (=

During the latter period almost two and a half times as much commercial fertilizers were used as
in 1948-52., The most substantial increase took place in the use of nitrogenous fertilizers. GSince
Finland is mainly a dairy country, nutrienta brought into the soil in farmyard manure make a gquite
substantial addition (approximately 15 kg N, 10 kg P,0. and 25 kg K0 per arable hectare) to the fi-
gures given above. PFinland is producing all the nit nous and about three fourths of the phosphate
fertilizers used in the country but importing practically all potash fertilizers.

Both spring and winter wheats are growing in Finland on about equal areas. All of the most com=
mon winter wheat varieties, and three out of five of the best spring varieties, have been developed
in Pinnish breeding stations. To develop early maturing spring wheats is one of the breeders' main
problems because of the short growing season (Manner, 1969). For this reason an early planting usual-
ly gives better results than late planting (Pig. 7, A). :

Fertilizer placement to a depth of 10=12 cm. has proven to be a very beneficial treatment in Fin-
nish condition improving both the quality and quantity of spring wheat yields. Examples of the re-
sults of fertilizer placement triala are given in Fig. 7, B and C.

The trials carried out in 1960-66 showed an average of 3130 kg/ha (from 2520 to 2850 kg/ha), or
13 percent yield increase due to fertilizer placement over the broadcast fertiligzed plots when 52 kg
N, B5 kg P ﬂ'j and 59 kg K,0 /ha were used on the average (Larpes, 1968). Therefore it is estimated
that in 1?89 for about 35-40 percent of the spring cereals in southern Finland fertilizers were pla—
ced in rows under the seed rows for decreasing the effect of draught, obtaining a better fertilizer
response and earlier maturity, thus improving the quantity and quality of yields (Larpes, 1969).

The effect of the time of fertilizer application, particularly of nitrogen, on the yield and
protein content of winter wheats is quite coneiderable under southern Finland conditions {Table 14).
Especially the advantage of spring applications on yield and late applications on protein content
are obviocus.
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Finland {Larpes 1968).

Table 14. Effect of time of nitrogen application (100 k
winter wheat in S.W. Finland (KBylijErvi 1969

in southern

f/lu} on yield and protein content of
-

Time of nitrogen :;ﬁ: I“ld feaponse Frosmin

application crivits ;:&;: oSNy
Check (without nitrogen) 4870 & - 10.4
20.9 (10 days after planting) 5520 13 6.5 1.7
30.10 (s0il not frozen) 5520 13 6.5 11.8
5.12 (eoil frozen) 5610 15 Tad 12.6
21.3 (35 em snow) 5690 17 8.2 11.7
12,4 (snow melted) 5510 13 Bad 11.9
2.5 (normal appl. time) 6240 28 13.7 11.2
16.5 (late n n o) 6080 25 12.1 14.3

The soila of Finland are relatively acid, in general, and liming ie therefore a profitable pra-

ctice. The average resulte of triale during 1928-1968 show that yield increases of moet crope inclu-

ding wheat due to 2, 4 and B tone of lime per hectare cover the costs of liming in about 2, 3 and 4
years resgpectively, and the effect of liming lamts up to 20 years (Kerfinen and Marjanen 1970).




8. Prance

France is the fifth biggest producer of wheat in the world and firat in Europe [azelud1ng USSR).
It is also one of the eight main wheat exporting countries In 1966 19.4 percent of the
arable land of France was under wheat, which is the main cereal grown in the country. The correp=
ponding figuresfor its neareat competitors, barley, ocate and maige were 12.9, 5.3 and 4.7 percent,res-
pectively. The production of wheat per capita was 228 kg and its consumption as food in terms of
flour 82 kg (Int. Wheat Couneil 1988).

From the five-year period 1948-52 to that of 1962-566 there was no change in the average area an-
nually under wheat and thus the €5 percent increase in production wan wholly derived fro@ the corres-
pondingly increased yieldsm. The threefold increase in fertiliger use is likely to explain the substan-
tially higher yields of the latter five-year period.

Table 15. Area, production and yield of wheat and fertilizer use - France.

Periods Wheat Wheat Aver. nat. Uge of fertilizers
and ares production yield kgfafnhlt hectare
change (1000 ha) {1000 tons) (kg/ha) = 5205 K0 Total
1948-52 4,264 7,791 1,830 13 20 18 51
1962-66 4,264 12,840 3,010 a1 ] 47 147
Iner. (+) . + 9 + 5,049 + 1,180 + 28 + 39 + 29 + 96
ﬂﬂl:::l‘nII {-] -

France is practically self-sufficient in phosphate fertilizers and produces more nitrogenous and
potash fertilizers than needed for ite own use.

Even in a country like FPrance where climatic variations between different years mand districts are
less pronounced than in many other countries, the effect of climatic differences on the responee of
wheat to fertilizers can be quite substantial. For example, a heavy autumn-winter rainfall can cause
lossee of nitrogen through leaching. These, however, can be compensated to a great extent by increased
nitrogen fertilization (Tables 16 and 17).

Table 16. Effects of previocus season {Blptlmhar—ﬂuctmher} rainfall and nitrogen fertilization
on the yield of winter wheat (Thiocllet, 1966).

1966 1965 .
Sept.=Dec. Difference
rainfall, . 450 . i 218 mm = between the
mm ield No. of Yield No. of years
kg N/ha kg/ha' trials ka/ha' trials '
0 2350 166 3260 109 28
50 3430(22)* i 4220(19) 63 19
8o 1950( 20) 166 4450(15) 10 1
110 4360(18) 166 4520(11) 109 1.5

:f Figures within parentheses = response ratio, kg grain / kg N.



Table 17, Effects of winter (October-March) drainage and nitrogen Fertilization on the yield of
winter wheat {Studer and Thiollet, 1967).

Drainage Grain yield, kg/ha
(mn ) 0 kg N/ra 50 kg K/ha 80 kg N/ha 110 kg N/ha
200 1000 3400 (B)» 3900 (11) 4200 (11)
300 2500 1200 {14 3700 (15 4100 (14,5)
400 2000 3100 (22 3600 (20 4000 (18)

#/ Figures within parentheses = response ratios, kg grain / kg K.

Therefore, the optimum of Fertilization is also usually higher in years of heavy winter rainfall,
E.G. in 1964=67 it was 115 kg N/ha on the average, but varied considerably in different years (Fig.B).

Wheat yleld, kg/ho

L i " d

a 30 Iﬂ ] 130 130
Applied N, kg/ha

Figure B. Average effects of nitrogen on wheat yields in four years and optimum nitrogen doses in
each year. The results are based on B0l trials. Average ?205 and 1’2{} applications
were 101 and 86 kg/ha respectively. (Anonymous, 1968).

The optimum doses of N reported bv Lecompt {196?} for the years 1964-66 were only 2-3 kg lower
than those given in Figure B and the response ratios at optimum N levels were about 127 kg grainfkg N.

Besides annual and regional climatic differences other local factors may also have a marked effect
on response. Results, from some main wheat growing areas of France, are reported in the following.

Table 18. Response of four wheat varieties to nitrogen fertilizer in two districts in 1964 (LesageiS65)

kg K/ha Grain yield, kg/ha
Varieties [ 50 B 110 0 50 B0 110
Etoile de Choisy 3140 4060 4420 4710 2560 3440 3630 3860
Languedoc 3130 4050 4430 4730 2400 1280 3540 3690
Champlein 3160 4060 4440 4810 - - - -
Magali - - = = 2290 3150 3450 31570
aver. yield, kg/ha 3150 4050 4430 4750 2420 3ze0 3540 3710
Aver, response ratio,
kg grain / kg M Z 18.0 16.0 14.5 - 17.4 14.0 11,7
Resp, ratio between suc- 18,0 12.6 10.7 17.4 8.3 5.7
cegsive N treatments




Table 19. Average yields and response ratios of three varieties in 17 trialse in Northern France
and in the Paris district (Anonymous 1967).

kg ¥/ha Yield, ke/ha
Variety 0 60 a0 120
Rex 2430 3400 3750 4020
Aronde 2430 3610 4070 4170
Horigon 2620 3700 4090 4370
Average yield 2490 3570 970 4190
Average response ratio - 18.0 16.4 1£.2

In northemFrance and in the Peris district the optimum dose of nitrogen in 1966 was 116 for
variety Aronde and cver 120 I\:p"}u for varieties Rex and Horizon.

Table 20. Average yield increases and response of wheat to nitrogen for six years (1962-67) in the
plaine of Neuville-du=Foitou (Studer and Thiollet 1967).

N appl. range Yield increase Resp. ratio
xg/ha kg/ha kg grainf/kg N
0 = 50 K/ha 800 16.0
o-8 » 1250 _ 15.6
0 =110™" 1600 14.5
50 - B0 " 450 15.0
80 - 110 ™ 150 1.7

Table 21. Wheat yielde at different nitrogen fertilization leveli. Average results of eight
triale in Western France (Lesage 1964).

I at tillering 50 50 50 50
kg N/ha applied at_heading 0 20 0 &0

total 50 70 %ﬁ 110
Yield kg/ha 3750 4210 4480 4570

The reeponse ratio within the range 50-T0 kg Hfhl level wan 24 kg minﬂcg N, decreased to 13
kg/kg at T0-90 ievel and to 4.5 kg/kg at 90-110 kg N/ha level. The optimum dose in Western France
wan 98 kg N per hectare.

In Champagne by increasing the nitrogen fertilization by 60 kg/ha (from 50 to 110 kg/ha) the
follewing response ratios were obtained (Chavange and Colas, 1965).

Year 1961 1962 1963 1964

kg grain/kg N 13.8 1.9 10.9 1.5

Even though the effect of the time of nitrogen application may vary in different years and die-
tricts, the four-year (1964=67) triale in wheat areas North of the Seine and Beauce-Brie (Anonymous,



1968), indicate apparent advantages of late N applications. The average yields of winter wheat of 12
trials with 110 kg Hfh.a., applied at different times, were as follows:

November 4540 kg/ha February 4540 kg/ha
December 4490 ¢ March 4620 "
January 4390 ¢ April 4790 "~

Split applications of nitrogen have been found to decrease the losees through leaching, parti=
cularly at high nitrogen levels {Studer and Thiollet 1967).

9. Germany, Eastern

Wheat was grown on 9.7 percent of the arable land in Eastern Germany in 1966. The corresponding
figures for rye, barley and cats were 15.5, 10.5 and 5.2 respectively. Wheat production per capita
(95 kg) was 45 kg less than the average in Europe but slightly above the world average.

Prom 1948-52 to 1962-66 there was a slight decrease in the wheat cultivation area but because of
8 22 percent average increase in yields the average annual production was about 17 percent higher du—
ring the latter period.

Table 22. Area, production and yield of wheat and fertilizer use — East Cermany.
Pericds Wheat Wheat Aver. nat. Use of fertilizers
and area froductim yield kg/arable hectare
~hange {1000 ha) 1000 tons) (kg/ha) T _F_GS T Toral
2
1948-52 4712 1,243 2,630 19 16 17 132
1962-66 451 1,453 3,220 74 58 114 246
Iner. (+) ap - 21 + 210 + 590 + 15 + 42 + 37 + 114
decr. (—']

Potassium is the main nutrient given in commercial fertilizers even though during the last two
decades the relative use of phosphate and nitrogenocus fertilizers has increased more than that of po-—
tash, In 1966 the fertilizer consumption of 90 kg N, 66 kg P_,O_ and 12.6 kg K0 totalling 282 kg per
arable hectare, was eighth higheat, and the national wheat rigla ninth highest, in the world. The
production of nitrogenous and phosphate fertilizers corresponds to about three fourtha of their con-
sumption but over three times a&s much potash is produced as is used in the country.

Ameng the fertilizer trials, the long-term {1903-1962) fertilization experiments at Lauchstldt
on Chernozem soil should be mentioned. The average results of the last ten years showed a 45 percent
decline in wheat grain and a 50 percent decline in straw yields in plots which had received neither
fertilizers nor manure as compared to those receiving both manure and NPK (Table 23).

In the case of the other three cropa included in the experiments, yield declines were even great-
er {potatoes 80%, sugarbeets 61% and barley 61%).

The effect of farmyard manure {over the plots receiving no ll.ﬂ':l“} was 10 to 15* in NPK and NP
plots, around 25% in NK plots and 5}-5& in N, PK and O plots. These results also clearly indicate
the impertance of balanced use of Tertilizers, especially the principal role of NP combinations on
this soil. In general, both manure and fertilizers affected straw yields slightly more than grain
yields.

The uptake of nutrients by wheat varied between 46 to 94 kg N, 22 to 43 kg PO, and 41 to 00 kg
K,0/ha at low yield-low fertilization and high yield-high fertilization levels ﬂipgctivﬂ;r. The ap—
plied farmyard manure as well as the annual N, P or K fertilizer applications were, in general, auf-
ficient to prevent a serious decline in the soil nutrient status, and when manure was applied together



Table 23. Winter wheat yields (averages of 1955-1964) in a lonp—term (1903-1964) fertilization trial
on Chernozem soil at Lauchsthdt (Anmorge, 1968).

Fertilization

Farmyard Mineral grain yield Straw yield
manure * Pertilizers ** kg/ha relat. kg/ha relat.

20 tons/ha NFK 4950 100 {100) T980 100 {100)
" NP 4970 100 (103) 7960 100 (100)
" NK 4740 96 E 1 T460 93 { 931)
" N 4TEO 97 ( 97 7610 g5 [ 95)
" PK 4090 B3 ( 83) 6220 T8 { 78)
" none 4210 Bs { 85) 5410 81 { 81)
none NPK 4500 100 { 91) TOR0 100 ( 89)
" NP 4450 99 ( 90) 6920 98 { 87)
" NK 1800 84 ( 77) 5950 84 ( 75)
" N 3410 76 ( 69) 5340 75 ( 67)
" PK 2620 58 { 53) 4060 57 ( 51)
" none 2730 61 ( 55) 1970 56 [ 50,

:;" Applied every second year; cont. 61 kg N, 29 kg E’EII.'l5 and 81 kg J(Eﬂ,-"rha..

:f Annual rates: 61 kg N (3F kg in combination with manure application), 75 kg FED and

12 f*lmj kg K,0/ha. 3

with fertilizers an improvement in the soil nutrient status followed. Farmyard manuring also increased
the levels of soil magnesium and mieronutrients (B, Cu, Mn, and Mo). In plots which received no ma—
nure and none, or one of the two only of the three fertilizer nutrients, depletion of soil nutrient
reserves {ror those elements which were not applied) was marked. It is apparent that on lesa fertile
goile productivity would in most cases decline in a much shorter pericd of time.

The results of a series of nitrogen fertilization trials (Table 24) show that, on the average,
nitrogen increases the yield of winter wheat up to 80 kg N/ha at which level no further yield res—
ponse to nitrogen was obtained. Effects of nitrogen on protein content of grain and protein yield,
however, were more linear. WNitrogen was moat effective on low=yielding light soils which also had
low moil=testing values.

Table 24. Average results of fertilizer trials on the effect of nitrogen on grain yield and
protein content of winter wheat (GBrlitz 1966).

Grain yield (aver. of 40 triala) Grain protein
‘Ppﬁhd {aver. of 14 trials)
k“fh‘ Tield . Reaponse Responae to 4
: of dry
kg/ha 1/ ratio last kg ¥ matter 2/
kg grain/kg N kg arain/kg N
0 3220 i _ 12,3
20 3510 14.5 13 12.6
40 3T20 12.5 B 12.9
&0 3850 10.5 4 13,2
8o 1850 8.4 0 13.5
2

1/ grain yield (kg/ha): ¥y = 31220 + 16.63 x - 0.1031 x

gf protein content (%): ¥ = 12.3 + 0.015 x




10, GCemany, Federal Republic

In West Germany the wheat area was somewhat larger than that of other cereals in 1966. It co-
vered 16.9 percent of the arable land while barley, rye and cats occcupied 15.7, 12.4 and 9.5 percent
respectively. The production per capita was 79 kilograms.

During the last two decades there has been a conoiderable increase in wheat area, production and
yields.

Table 29. Area, production and yield of wheat and fertilizer use = Germany, Fed. Rep.

Periods Wheat Wheat Aver. nat. r Use of fertilizers
and area production yield kg.l"larable hectare
change {1000 ha) {1000 tons) {kg/ha) W Pzﬂﬁ. K0 T Total
194852 1,020 2,669 2,620 44 49 80 173
1062-56 1,390 4, T06 3,390 99 94 138 i
Iner. (+) - + 370 + 2,037 + 770 + 55 + 45 + 58 + 158
deer, (=)

About 55 percent of the increase in production from 1948-52 to 1962-66 was due to expanded wheat
area and 45 percent due to higher yields.

During the latter period the average Weat Cerman farmer harvested sixth highest wheat yields in
the world and ranked fourth as a consummer of fertilizers per hectare.

Potaseium plays a major role in fertilizer use in West GCermany alth the relative propertion
of the other two nutrients has been increasing. In 1948-52 potassium {I{EG made 46 percent of the
total consumption of fertilizer nutrients. In 1962-66 the figure was 42%and in 1966 39 percent.

West Germany is self-sufficient in all three fertilizer nutrients and is one of the leading fer-
tilizer exporters. *

Bepides the large scale experimental work aiming at higher yields through correct fertilizer use
much attention has recently been paid to investigations concerning the improvement of the quality of
wheat produced in Weat Germany. Por example, the results of three-year experiments including eight
spring wheat and ten winter wheat varieties (Cilinzel 1968) indicate that considerable improvement both
in the quality and quantity of yields can be obtained with late nitrogen applications. In these expe—
riments late applications of N (100 kg;’ha. in four 25 kg doses in addition to A0=160-150) increased
yields by more than 300 kg/ha on the average without causing lodging, increased the 1000 grain weight,
increased the protein content of spring wheats from 10.6 to 15.3 and of winter wheata from 11.9 to
15.0 percent, and sedimentation values from 27 to 61 and 35 to 53, respectively. Boguslawski [1965)
reported results on similar lines (Fig. 9).

The influence of CCC on wheat yield has also been the subject of several studies during recent
years {e.g. Schr¥der and Rhode 1965, Hanus 1967, Martin 1968). The direct value of CCC seems to
be in preventing losses in yield from lodging through shortening (18-29%) and strengthening the stalks
and its indirect value in improving the quality and quantity of yield through allowing increasing
wse of nitrogen fertilizer. Orain gquality, in general, was not significantly affected by CCOC (with=
out additional N fertilization). OCCC proved beneficial not only in wet years but alse in relatively
dry years when there was no lodging. Winter wheats showed more reasponse to CCC than spring wheats.

On Brown earths and Marshland scils of Schleswig-Holstein seil pH turned out to be the moat im-
portant of the single soil factors affecting the yield of winter wheat (Spielhaus 1968). The cor-
relation between these factors was highest on Marshland soils (Fig. 10) and in the case of winter
wheat exceeding considerably that of other cereals examined (winter barley, cats and rye).
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Figure 9. Effect of single dose and aplit applications of nitrogen on grain yield and quality of
two spring wheata (Boguslawski 1965).
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Figure 10. Relation between winter wheat yields and soil pH on Marshland soils in Schleswig-Holatein
(Spielhaus 1968),

1. Gresce

Wheat im the principal cereal orop of Greece, where it wasm grown on 26 percent of the arable
land and covered over 60 percent of the total cereal area in 1966, The production per capita (185 kg
ies among the highest in Furope and only in Turkey is the per capita consumption of wheat as food
higher than in Oreece, 218 and 171 kg per capita respectively {Int. Wheat Council 1968),

Prom 1948-52 to 1962-66 the wheat production of Greece has been more than doubled. About 65 per—
cent of the increased production is due to the 59 percent increase in average yields and 15 percent
due to increase in wheat area.



Table 26. Area, production and yield of wheat and fertilizer use - Greece.
Periods Wheat Wheat Aver. nat. Uge of fertilizers
and area production yield kg/arable hectare
change (1000 ha) {1000 tons) (kg/ha) = P205 iz-:- Foral
1948-52 878 894 1,020 [ 5 12
1962=66 1,151 1,866 1,620 iz 25 4 61
Incr. (+) - + 273 + 972 + 600 +26 +20 +3 +49
decr. (=)

In spite of the fivefold inecrease in fertilizer consumption and substantial increase in yields
both 8till remain below the average figures of Europe. The consumption of nitrogen and phosphorus
were 6=8 times higher than potassium, which was as low as 4 kg K_0 per arable hectare. This is appa-
rently due to sufficient potassium content of relatively arid aogln.

The consumption of nitrogenous and phosphate fertiligers has practically been met by their rapid-
ly increasing production in the country, but for potash Greece depends on imports.

12. Hungary

Wheat cccupied one third (34%) of the area under cereal crops in Hungary in 1966 and 19 percent
of the total arable land. Only the area of maize (22%) exceeded that of wheat. The production of
wheat per capita (229 kg) was among the ten highest in the world. In spite of about 21 percent de-
crease in wheat cultivation area from 1948-52 to 1962-1966 the production increased by nine percent
because of the simultaneous 39 percent increase in wheat yields.

Table 27. Area, production and yield of wheat and fertilizer use — Hungary.
Periode Wheat Wheat Aver. nat. Use of Tertilizers
and area ?rodul:tian ¥yield kg/arable hectare
change {1000 ha) 1000 tons) {kg/ha) = Pa°5 K0 ey
1948-52 1,385 1,909 1,380 0.3 2.1 0.2 2.6
1962-66 1,069 2,088 1,920 30.8 20.0 9.6 60. 4
Iners (+) e - 296 + 179 + 540 + 0.5 |+ 17.9 + 9.4 |+ 57.8
decr. {-}

Only insignificant amounts of fertilizers were used during the former pericd and an essential
reason for the higher yields of the latter period is apparently the considerably increased use of fer—
tilizers consisting mostly of nitrogenous (one half) and phosphate (one third) fertilizers. The pro-
duction of these fertilizers covers about nine tenths of the consumption while for potash Hungary de-
penda on imports.

The response of wheat to fertilizers varies with soile. For example, on a scil classified as
“chernozem with forest reste” which was well provided with phosphorus and potassium, winter wheat res—
ponded effectively to nitrogen. On the average (two years) TO kg N/ha increased the yield by T8i kg/ha
and 140 kg N/ha by 1040 kg/ha, the response ratios being 11.2 and 7.4, respectively. Phosphate appli-
cation alone was ineffective but given together with high nitrogen doses resulted in a significant
yield increase. The effect of phosphate was more linear than that of nitrogen within the range of its
application (0 - 140 by Pzﬂjfha]. The response of wheat to potassium was negligible (Koltay 1965).



On another scil which was poor in nutrients and had not been fertilized for decades, considera-
bly greater responses were obtained in long-term experiments reported by Latkovics and Kramer (1968).
The results of the last two years when the experimental fields were occupied by winter wheat Bozos-
taya 1,are given in Table 2B,

Table 28.

(Latkovics and Kramer
were calculated and are given within parentheses).

1968).

Average yields (1966=67) of winter wheat (kg/ha) after different N, P
[Raupnrnnt ratios, kg uhant,:’kg of total

20 and K0 treatments
n&tr’ientd applied,

N - p205 - K0 P, p}u Peo
treatments

kg/ha Ko “dﬁ Xo “15 Xo x-ﬁ

N 13140 1300 1670 1600 1560 1500

0 {check) (~0.9) (11.3) ( 3.5) | ( 3.7) ( 1.5)

X 2400 2210 2030 3100 3120 2830

60 (17.7) ( B.3) (16.6) (13.0) | (14.8) ( 9.0)

¥ia0 2680 1580 970 4190 4040 43110

(11.2) {13.6) {17.5) (17.3 (15.0) (13.2)

The highest yields, over 4000 kg/ha, were obtained with combinations 120-60-45, 120=30-45 and

120=60=0.

pectively and in the NPK combinations the effect of N was almost linear.
highly effective only at lower P application level and potassium only in combination with high nitro-

gen application.

The response ratio of wheat to nitrogen was 13.8, 18.5 and 20.2 at the three P=levels res-

Phosphorus fertilization was

Pekary (1968) points out that on heavy soils in the north-eastern region of Hungary complex NPK
fertilization of winter wheat applied and ploughed in the autumn gives equally high yield increases
ae when applied in the conventional way, i.e., in several portions, thus cutting down the labour costs

considerably.

This may be due to inadegquate rain to leach out nitrogen.

Hungarian winter wheat varieties, in general, appear to utilize medium doses of chemical fertili-
zers more effectively than high doses, while mome foreign varieties, Bezostaya 1 in the first place,
which is grown on more than 50 percent of the wheat area, respond to higher doses more effectively

(Szabo 1966).

emall amounts of CCC in connection with nitrogen fertilizer application.

plication appears to be the stage of shooting (Adler

13. Ireland

The role of wheat in Irish agriculture is relatively small.
4.4 percent of the arable land area while barley and oats, the major cereals of Ireland, comprised

15.6 and B.2 percent of it respectively.
be seen from the figures given below.

1965, Koltery

1968)

Considerable yield increases, from 10 up to 60 percent has been obtained with spraying

The optimal time of CCC ap—

In 1966 it was cultivated on only

A decreasing trend of wheat cultivation ie obvious as can
In 1966 the wheat area was no more than 53,000 hectares and the

production was decreased to 185,000 metric tons in epite of the fifth highest wheat yields in the world
(3,490 kg/ha) harvested in Ireland in that year.
in most European countries but is etill considerably higher, 86 kg flour per capita (Int. Wheat Coun=—

cil

The use of wheat as food has also been decreasing as

1968 ),than the total producticn of wheat per capita which in 1966 was 64 kilograms.

Table 29. Area, production and yield of wheat and fertilizer use - Ireland.

Periode Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg/arable hectare
change {1000 ha) (1000 tons) (kg/ha) N PEBE K0 Total
194852 144 327 2,260 7 33 14 54
1962-66 87 286 3,290 30 95 76 | 201
Iner. E+)) . - 57 - 41 + 1,030 + 23 + 62 + 62 | +147
decr. =




Much of the over 1000 kg increase in hectare yields is obvicusly due to the fourfold increase in
the use of fertilizers during the latter period. Differing from mest other countries, phosphates and
potash make up the bulk of commercial fertilizer consumption in Ireland (Table 119, p.120} About two
thirde of nitrogencus and phosphate fertilizers are produced in Ireland but potash is imported.

Besides the three main nutrients, wheat has shown response to copper on some Irish peat soils.
For example, on cutaway peat, yields on plots receiving 500 kg/ha nitrogenous fertilizer and no copper,
failed completely (Fleming 1961). Copper deficiency in wheat was accentuated following nitrogenous
fertilization, but alse symptoms of nitrogen deficiency were obviocus in all copper treatments without
nitrogen on this soil. Residual effect of copper sulphate dressings as low as B kg/ha was sufficient
to ensure good growih.

The growing of spring wheat in Ireland involves a greater risk than in most other European coun-
tries because of uncertain weather conditions during the ripening and harvesting period. Om the other
hand, in winter wheat production Ireland has an advantage over many countries as the weather during
the period November—February is relatively mild and mainly due to earlier harvesting, production risks
are much lower (Spillane 1968).

14, Ital

Wheat acreage of litaly is larger than that of any other Buropean country excluding the European
part of USSR and as a producer of wheat Italy ranks second after France. The relative proportion of
wheat of cultivated land area, 28 percent, (719 of cereals) was exceeded only by Romania where the corp.
responding figure was 29 percent in 1966. The wheat production per capita was 181 kg and Italy is one
of the eight leading wheat exporting countries in spite of the large gquantity (121 kg/capita in terms
of flour) consumed in their own country [Int. Wheat Council 1966, 1968).

Table 30. Area, production and yield of wheat and fertilizer use = Italy.
Pericds Wheat Wheat Aver. nat. E:ﬁ;i:hi:r:l:ii:::
and area roduction yield & Fit -
change (1000 ha) fim tons) (kg/ha) ] F205 K0 Total
194852 4,705 T, 170 1,520 10 18 2 30
1962=66 4,384 9,077 2,070 27 27 10 64
Iner. (+) S = 321 + 1,907 + 550 + 17 +9 + 8 + 3
deer. (=)

The decrease in wheat cultivation area from 1948-52 to 1962-66 was compensated for by a simulta-
necus 36 percent increase in hectare yields causing an increase of about 27 percent in production.

Much of the yield increase can undoubtedly be attributed to the twofold increase in the use of
commercial fertilizers in the latter period but some of it is undoubtedly due to improved wheat vari-
eties. Half of the increase in fertilizer consumption coneieted of nitrogenous fertiligzers bringing
their use up to the same level as that of phosphate. Italy is producing twice as much nitrogenous
fertilizers as it uses and it is also self-sufficient in the other two main nutrients.

The extensive adoption of new varieties which are more responsive to fertilizers than the local
ones has considerably changed the farmers' attitude to fertilizer use during the past decade or two.
An example of the encouraging results of the experiments on nitrogen fertilization carried out in the
early 60'ies is given in Fig. 11.

In addition to over 100 percent increases in yield due to nitrogen application, the varietal dif-
ferences in the responsiveness are shown clearly. The variety "Abbondanza" which is 13-23 cm taller
than "Campodorc' and 18-35 cm taller than "Mara" (depending on fertilization level) gives higher yields
without nitrogen and shows good response to lower doseg of nitrogen but is susceptible to lodging at
higher nitrogen levels. The response ratios (kg grain/kg N) of the three varieties at the four (41,
B2, 1231 and 164 kg/ha nitrogen application levels were:



Abbondanza 19=20-=11= §
Campodoro 29-28-23-19
Mara 23-27-25-20
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Figure 11. The effect of nitrogen fertilization on the grain and straw yields of three wheat
varieties in central Italy (Bonciarelli 1964).

In another study in northern Italy (Antoniani 1965) the response ratios to nitropen (averages of
five varieties: Argelato, Mara, Funo, Leonardo and S. Pastore) varied from 15 (at 10 kg H,:"ha.} to A (at
120 kg H,-"ha. lavel). In both studies the increasing nitromen applications were followed by significant
increases in height of plants and number of stems per sguare metre and a decrease in thousand grain
weight. The hectoliter weight of grain was notsignificantly affected or was slightly increased.

Split applications of nitrogen and late top dressings seem to be more effective in increasing
the winter wheat yields than early applications and single doses (Bonciarelli 1963, Cervato 1964).
For example, in central Italy an application of 40 kg N/ha in late December or early January gave sig-
nificantly higher yields in three out of four years than equal applications in November or early De—
cember. The form in which the nitrogen was given (nitrate, ammonium or cyanamide) had apparently re-
latively small effect on yield, since only in one out of four years cyanamide was significantly more
effective than nitrate but in one year nitrate, and another year ammonium, gave the higheat yields
even though the differences were not statistically significant (Bonciarelli 1953}.

The results of Venturi (1967) showed that nitrogen did not increase significantly the grain yield
of sorghum but increased the yields of grain and straw of the succeeding wheat erop. However, the in-
creases were higher when nitrogen was applied directly to wheat (Table 31).

Table 31. The direct and residual effects of nitrogen on grain and straw yields of wheat (kg/ha)
when applied to preceding sorghum crop and directly to wheat (Venturi 1967).

N applied
to sorghum k,gl"h.a.

N applied Orain yield Straw yield
to wheat kg/ha 50 100 150 Mean 50 100 150 | Wean |
0 2476 2844 3610 2977 | 2001 2207 2655 | 2288
&0 4086 4328 4677 4363 | 3418 3463 3615 | 3499
120 5164 5287 5328 5266 | 3988 4161 3954 | 4035
Mean 3915 | 4153 | 4538 - 3136 3277 3408 -




15. Luzembourg

The three main cereal crops of Luxembourg, wheat, ocats and barley, covered 25, 19 and 18 percent

of itas cultuvated area respectively in 1966.

The production of wheat per capita (101 kg) was somewhat
above the world average but lower than that of Europe. Since 1948-52 relatively small changes in the

wheat area have taken place and the production has increased mainly because of increasing hectare

yields.
Table 32. Area, production and yield of wheat and fertilizer use = Luxembourg.
Pericda Wheat Wheat Aver. nat. Use of fertilizera
and area production yield kg/arable hectare
change {1000 ha) { 1000 tonsz) {ke/ha) ] PECIS K0 Total
194852 16 30 1840 51 79 55 185
1562=66 18 41 2260 85 94 102 2681
Incr. (+) - + 2 + 1 + 420 + 14 + 15 + 47 + 96
decr. (=)

The use of fertilizers was on a relatively high level already in 1948-52 but increased further
by over 50 percent by 1962-66. Potash and phosphates were used somewhat more than nitrogencus ferti-
lizers. Luxembourg produces almost 20 times as much phosphate fertilizers as it uses itselfl but im—
ports the other two nutrients.

16. Malta

About twelve percent of Malta's 16,000 hectares of arable land was under wheat and about an equal
area under barley in 1966. Since 1948-52 the wheat area has been around 2,000 hectares, production
2,000-3,000 metric tons and hectare yields have varied from 1,100 to 1,600 kilograma per hectare. In
1966 the wheat production corresponded to about 6 kilograms per capita. Annual consumption of nitro-
gen fertilizers has been around 20 kg N per arable hectare during the last decade. Data on other nu-
trients were not awvailable.

17« Netherlands

Almost one half (49% or 462,000 ha) of the arable land in the Netherlands (946,000 ha) was under
cereal crops in ‘1966. Wheat was the most important of the cereals and covered 15.6 percent of the
arable area. For barley, oats and rye the figures were 12.7, 10.5 and 7.8 percent respectively. Be—
cause of the high population density, however, only 48 kilograms of wheat were produced per capita,
which is substantially less than the consumption, 62 kg flour per capita, in the country (Int. Wheat
Council, 1968). From 1948-52 to 1962-66 Netherlands has almost doubled its wheat production. About
75 percent of the 105,000 ton increase was due to 54,000 hectares expansion of wheat area and 25 per—
cent due to 730 kilograms average increase in hectare yields.

Table 33. Area, production and yield of wheat and fertilizer use = Netherlands.

Perioda Wheat Wheat Aver. nat. Use of fertilizers

and area roduction ¥ield kg/arable hectare
change (1000 ha) 1000 tons) (ke ha) N P, 5 Ezu Total
194852 89 324 3,660 157 122 160 439
1962-66 143 629 4,390 323 118 143 584
Iner. (+) or + 54 + 305 + T30 + 166 -4 - 17 + 145
Decr, (-




In Netherlands the resocurces of agricultural land in relation to the population are rather limi=-
ted. This limitation has been largely compensated for by effective land use in Dutch agriculture.
More fertilizers per hectare were used in Netherlands than in any other country in 1948-52 and since
then, the average Dutch farmer has kept his position as the biggest consumer of fertilizers. He also
harvested the higheat wheat yields in the world during both periocds mentioned above.

The ratio of different nutrients has changed considerably since 1948-52 (Table 119). The consum—
ptions of both phosphate and potash fertiligzers were alightly decreased and thus the increase in total
fartilizer use is entirely attributed to nitrogen, the consumption of which wae more than doubled.
About twice as much nitrogenous and phoaphate fertilizers have been produced thar used in the Nether—
lands but practically all potash fertilizers have been imported.

Wheat in the Netherlands is usually fertilized gquite heavily with nitrogen. Because of the risk
of lodging, considerable attention has been paid to the effects of growth regulators and asplit appli-
cationa of nitrogen in the fertilizer experiments during the recent years. Some of these are mentio-
ned here.

Evidence has been obtained that moderate dressing with nitrogen in the beginning of growth, fol-
lowed by supplementary dressings at shooting may shift dry matter distribution in favour of grain
yield (Fig. 12).

kg/ha
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Figure 12. Effects of single dose applications of nitrogen at sowing (sclid lines) and split
applications (30 kg Hfhn at sowing, the remainder at shooting = dotted linea] on
tha n and straw yield of wheat (Jonker and de Jong 1966, ref. Kostic et al.
1967).

When comparing applications of supplementary nitrogen in solid form and in ligquid form as a fo-
liar spray, earlier results indicated that foliar spray of urea was less effective than top dressing
with calcium nitrate, because urea caused visible damage to the leaves. However, relatively small
doses of liquid urea applied as a spray were found more effective on winter wheat than calcium nitrate.
E.pge Arnold and Dilez (1967) reported that aerial spray of urea at 11 kg N/ha rate applied just prior
or at ear emergence gave as great a grain yield increase (200-300 kg/ha) as was obtained with 30 kg
Hfhn a8 calecium nitrate applied by conventional means.

In spite of the fairly short straw and relatively good lodging resistance of modern wheat varie-
ties, yield loasses from lodging can still be expected every year. HNumercus trials carried out in the
Hetherlandas have shown the beneficial effect of CCC in increasing yield through preventing lodging
Tables 34 and 15) while none or only slight effects have been reported in conditions where no ledging
appeared in check plots.



Table 34. An example of the effect of CCC at high nitrogen fertilization level on the yield and
lodging index of two winter wheats and one spring wheat (Opal) variety. CCC was applied
at a late tillering stage (de Vor et al. 1967).

. ; Yield, kg'ha Lodging index y’

Variety and site | ,ontral 3 kg CCC 6 kg CCC | Control 3 kg CCC 6 kg CCC
Cleo - NHH 6070 6460 6640 4 7 8
Gleo - VI 6260 6740 £940 L [ T
Stella - OFI 6570 7010 6940 [ 9 10
Stella - WW 5850 5880 6100 : 6 8
Opal - oo 4650 4790 4960 & & 9

l,r" 10 = erect; 1 = completely lodged.

Table 35. Effect of nitrogen and CCC on yield, grain weight, and culm length of twe wheats grown on
different scils. CCC was applied at late tillering-early stem extension stage, 2,5 kg/ha
for spring and 3 kg/ha for winter wheat (de Vos et al. 1967).

Applied Spring wheat, Opal Winter wheat, Gleo

“E:E}ﬁ? Yield 1000 grain Culm Yield 1000 grain Tulm
(kg/ha) weight (g) | length (em) | (kg/ha) weight (g) length (em)
Check ccc Check [HHH Check CCC | Check CCC Check CCC Check ceo
o 2520 2300 42.3 40.5 17 46| 6450 7480 | 46.3 46.8 99 73
0 3140 3150 42,2 40,8 | 77 48 [ 5500 6970 | 42.0 45.8 93 79
60 4010 4010 43.8 42.1 86 52 | 5180 6760 | 41.1 44.9 g1 B0
90 4140 4560 44.2 43.1 B4 56 | 4790 6450 | 41.0 44.1 23 a1
120 4680  s120 44.2 42.9 g 58 | 5150 6570 | 42.0 43.9 95 T8

The examples given in Table 315 represent circumstances which differ widely from each other. The
gpring wheat variety was grown on 80il of low nitrogen content, and the effect of nitrogen was there-—
fore pronounced with CCC having effect on yields only at high N=fertilization level. The winter wheat
variety was instead grown on soil where nitrogen supply in the non-fertilized plots was already ample,
and nitrogen had a diminishing effect on yields. Since severe lodging occured even on the O=N control
plote, CCC was effective at all nitrogen levels.

In addition to applied and soil nitrogen level, as well as rainfall, the effect of CCC seems to
depend on crops (wheat is generally more responsive than other cereals), varietal differences and on
time and amount of applied CCC (time may be more important than amount) (van Burg and Arneld 1963).

18, Norway

Wheat has become less and less important in Norwegian agriculture because of its continucusly de=
ereasing cultivation area and production during the last two decades. In 1348-52 it was grown on 28,000
hectares and in 1962-66 the average area was about 6,000 hectares. In 1966 wheat was grown on only a-
bout 2,000 hectares, the production of which made approximately one percent of the total cereal pro-
duction in Norway and corresponded to about one kilogram of wheat per capita. The main cereals in
Horway, barley and cats, were grown on 188,000 and 41,000 hectares respectively in 1966.



Table 6. Area, production and yield of wheat and fertilizer use - Norway,
Ferioda Wheat Wheat Aver. nat. Uge af fertilizers
and area production ¥ield keg/arable hectare
1 1 ¥ S ——
change {1000 ha) {1000 tons) {kg/ha) = ] ey
259 2
194852 28 ¥ 2,060 £l 42 54 115
1962-64 & 15 2,470 T 57 &1 191
Tner. (+) Gz - 22 - 37 + 410 + 32 + 15 + 9 + 56
decr. {-}

The ratio between the three main nutrients given in commercial fertilizere corresponds closely
to the European average ratio during the two periods given above (Table 119, p.120), even though the con=
sumption of fertilizers per hectare in Norway far exceeds the average European use. Since 1948-57
maore than half of the increase in fertilizer consumption falles to nitrogenous. fertilizers. The pro-
duction of nitrogenous and phosphate fertilizers in Norway exceeded their consumption by factors of G5.8
and 1.& respectively in 1966, while for potash Norway depends on imports.

19, Foland
Bye is the most important cereal in Poland where it was. grown on about 4.4 million hectares in
1966. HWheat, the second in importance, occupied 1.7 million hectares or 20 percent of the cereal area

and 11 percent of the arable land. The production 1.6 million tona, ecorresponded to 115 kilograms per
capita which wae 25 kg higher than the world average and 25 kg lower than the European average.

Table 37. Area,production and yield of wheat and fertilizer use - Foland.
Feriocds Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg/farable hectare
change {1000 ha) {1000 tons) {kg/ha) N P?ﬁﬁ K0 Total
1948-52 1464 1813 1250 & T 1 24
1962-66 1564 3175 2030 25 20 26 13
Iner. (+) o + 100 + 13142 + TAO + 19 + 13 + 17 + 49
decrs (=)

Poland's wheat production increased by over 1.3 million tons or 73 percent from 1948-57 to 1967=f4.
Thie ie mainly {90!} due to the 62 percent increase in hectare yields and the rest (109) 18 due te the
expansion of wheat cultivation area by T percent. It ie apparent that meost of the considerable incre:ss
in hectare yields is A consequence of the simultaneous threefold increase in fertilizer use. Relati-
vely emall changee in the ratio hetween the three main nutrients given in fertiligers took place. FPo—
land produces both nitrogenoue and phosphate fertilizers and has been practically self-sufficient in
these but importe the potash fertilizers.

Most of the wheat grown in Poland is of the common bread species from winter sowing but also
spring wheate are widely cultivated., Durum wheat is alec produced.

According to recent results of fertilizer trials both winter and spring wheat vields eeem to in-
crease with increasing nitroren application at least up to 90 kg ¥ per hectare [Tables 38 and 10),



Table 38, Winter wheat yields as affected by nitrogen fertilization. Averages of two—year
trials (Klupezynski 1967).
Applied N Grain yield | Reap. ratio Straw yield
keg'ha kg/ha kg grain/kg N kg/ha
0 1250 - 5820
60 3940 11.5 T410
90 4170 10.2 8310 Additional N applied:
60 + 30 1f 4230 10.9 8170 1/ at tillering
&0 + 30 y 4520 14.1 8510 y at shooting
60 + 30 3f 4170 10.2 8040 3/ at earing
LSD = 220 - 480
Table 39. Spring wheat yields and protein content of grain as affected by nitrogen fertilization
and seeding rate in trials over a period of three years (Mazurak and Mazurak 1968),
Applied N Grain yield Straw yield Prot. content
kg ha kg/ha kg/;n of grain
0 2130 3830 13.94
60 500 3960 15.11
90 2690 4550 16. 45
LSD = 258
Seed rate
kg/ha
100 2250 3150 Differences
150 2480 4040 not
250 2570 4450
Lsp * 57

* L3D = Least significant difference at 0.05% level.

Split applications at the beginning of growth and at shooting gave both the highest yield and the
higheat response to nitrogen in the case of winter wheat. Increasing the rate of nitrogen or applying
it as aplit also increased the protein, moat of all glutelin, content of grain.

Increasing the seeding rate of spring wheat increased the net yield up to 150 kg seed per hectare
but higher rates did not affect the yield significantly. The protein content of the grain was not af-
fected by the seeding rate but was considerably increased with increasing nitrogen application.

20. Portugal

Wheat-and maize are the chief cereals in Portugal. In 1966 wheat was grown on 523,000 hectarea
or on 12 percent of the arable area and maize on 473,000 hectares, covering altogether over 60 percent



of Portugal's cereal area. The production of maize, however, was considerably higher (565,000 tons)
than that of wheat (112,000 tons) because of the almost twofold difference in hectare yields, maize

1190 kg and wheat 600 kg per hectare.

(Int. Wheat Council, 1968).

The production of wheat corresponded to 34 kilograms per capita,
which is less than one half of the food consumption of wheat, 57 kilograms per capita in terms of flour

Table 40. Area, production and yield of wheat and fertilizer use - Portugal.
Periods Wheat Wheat Aver. nat. Uze of fertilizers
and area roduction yield kg,-'"amble hectare
change {1000 ha) E1mo tona) {kg/ra) N PEL'IS K,0 Total
1948-52 689 499 720 & 11 1 18
1962-66 661 527 T95 19 13 4 36
Incrs (+) - 28 + 28 + 15 13 +2 +3 + 18
decr. (=)

In spite of the four percent decrease in average annual wheat area from 1948-52 to 1962-66, wheat
production increased by about six percent due to the increase of about ten percent in hectare yields.
However, the average naticnal wheat yield, being the lowest in Eurcpe during both pericds, was about
half of the European average in 1948-52 but only scmewhat over one third of that in 1962<£6.

. The consumption of fertilizers, even though doubled from the first to the latter periecd, is still
the third lowest in Europe corresponding to about one third of the European average fertilizer consum—
ption per arable hectare. The bulk of the increase in fertilizer use consists of nitrogenous ferti-
lizer, raising its share to over half of the total consumption. During the nineteen-sixties Portugal
has produced nitrogenous and phosphate fertilizers slightly over its domestic consumption but potash
fertilizers were imported.

21. Homania
Almost two thirda of Romania's 10.5 million hectares of arable land were under cereal crops in
1966. The two main cereals, maize and wheat, covered 3.3 and 3.0 million hectares respectively. The

share of wheat area of arable land, 29 percent, was the higheat in Europe and wheat production per ca-

pita, 265 kilograms, second highest (after Bulgaria) in Burope and eight in the whole world. Wheat
has been growing in Romania at least 2500 years (Staicu 1965).
Table 41. Area, production and yield of wheat and fertilizer use — Romania.
Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield = kg/arable hectare
change (1000 ha) {1000 tons) (kg/ha) N 9205 K0 = ota
194852 2728 2778 1020 0.2 0.2 0.2 0.6
1962-66 2979 4536 1520 1.1 8.2 1.2 20.5
Incr. (+) or | * 351 + 1758 + 500 + 10,9 | + B.0 +1.0 + 19.9
decr. (=)

The production of wheat increased by 63 percent from 1948-52 to 1962-66.
increase was due to the 49 percent higher yields during the latter period and the remaining 16 percent
due to the 9 percent expansion in wheat area.

Most (84%) of this

The average annual rainfall throughout the country is 638 mm varying from 250 mm in the Danube

Delta to over 1000 mm in the mountain zone.

In the wheat zone the rainfall ranges from 400 to B00 mm




and wheat is well adapted to this rainfall regime (Staicu 1965).

Only low responses to fertiligzers were obtained with the old wheat varieties which were unable to
use large quantities of fertiligers. Since 1957, when new highly productive wheat varieties were in-—
troduced, the picture, however, changed. For example, on a chernozem soil, the "‘l variety used befo-
re 1958 yielded 812 kg/ha less than Bezostaya 1 without fertilizers and 1441 kgfhnﬁlaaa with 96 kg N +
96 kg P,O./ha fertilization {Fig.13}. Alao some other varieties,like Skorospelka 3} and Triumph, showed
a good abflity to utilige large fertilizer rates. 3Similar results were obtained on podzolic soils in
the Arges region, where Bezostaya 1 outyielded variety No 301 by 1357 ltga"ha. at N90 P90 fertilizer ap—
plication level producing a yield of 4458 kg/ha, which was 180 percent higher than the yield (1600
kg/ha) without fertilizer application (Berindei et al. 1965). The responss ratio in this case is as
high as 19.4 kg grain per 1 kg applied nutrient. OSomewhat more moderate responses to nitrogen and
hosphorus were obtained in trials carried out on Smonitza, Podzolized Brown and Brown Forest socils
f&vrm 1965, Nicolae 1966 a, 1966 b, Bretan et al. 1966). In general, only slight or insignificant
responses to potassium were obtained.

Phosphorus showed good responsiveness especially on soils of chernozem and steppe zones having a low
natura.il:. supply of available phosphorus, but the responses obtained depend largely on the previous
crops (Fig. 14).

Figure 13. Effect of fertiligzers on the main
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The reason for the differences is believed to be the length of the fallow period between the har-
vesting of the previous crop and the planting of wheat. Rape, peas and beans are harvested in June-
July while sunflower and sugarbeets in August-September. The longer the fallow period, the greater
amount of nitrogen is mineralized from the organic supply of the seil., This may be seen from the
higher yields obtained without phosphorus after rape, pea and beans as compared to those abtained
after sugarbeet and sunflower. The higher amount of mineralized nitrogen also increased the efficien-
cy of phosphorus (Staieu, 1965).

Owing to the extensive areas planted to maize, wheat is usually grown after maize, which leaves
behind a soil poor in soluble nitrogen and phosphorus. Therefore,high yield increases have been ob—
tained with these nutrients as shown by the results of 1958-62 trials (Fig.15). Nitropen was more
effective than phosphorus,and potassium had no inereasing effeect on the yield. The highest yield in-
crease, 1628 kgfha, was obtained when the highest rates of nitrogen and phosphorus were applied to—
gether and the best return with medium N and NP rates, response ratios 16.0 and 16.4, respectively.

When analyzing the contributions of different factors on wheat yields in Tasi region on the basis
of the 1957-54 trials, Timariu et al. (1965) concluded that the average yield increase due to varietal
factor was 408 kg/ha. Fertilizer was responsible for a yield increase of 370 kg/ha with an extensive—
ly grown variety Odessa 16 but 521 kg/ha with Bezostaya 1 variety. Deep tillage ensured yield increa—
ses of about 200 kg/ha and the best preceding crops proved to be peas and wetch mixture.

22. Spain

Wheat is the most important cereal in Spain where it was grown in 1966 on 4.2 million out of its
T.0 million hectares under cereal crops or on 20 percent of the arable area. Barley was grown on 1.3
million hectares while cther cereals maize, oats and rye cccupied less than 0.5 million hectares each.
Spain beleongs to the relatively small group of wheat exporting countries since its wheat production,
151 kilograms per capita in 1966, considerably exceeds the domestic consumption. The food use of wheat
has been decreasing and in 1968/67 it was B1 kilegrams per capita in terms of flour (Int. Wheat Coun-

il 1968).

Table 42. Area, production and yield of wheat and fertilizer use - Spain.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area praduction yield kgfarahle hectare
change (1000 ha) {1000 tons) (kg ha) % R =5 e
2°5 Fd

194B-52 4162 3625 870 4 8 2 14

1962-66 4167 4589 1100 18 15 5 18
Tner. (+) + 5 + 964 + 230 +14 +T +1 +24

ar

deer. (=)

The area annually under wheat varied relatively little during the last two decades being usually
between 4.0 and 4.3 million hectares, and thus also the difference between the averages for the two
five-year pericds given above is negligible. Therefore, the 27 percent increase in wheat production
is a direct consequence of the almost equal increase in hectare yields, which again, at least partly,
results from the almost threefold use of fertilizers during. the latter period.

Most of the increase in fertilizer consumption consists of nitrogenous fertilizers, the produc-
tion of which has also been growing rapidly. In 1962 the production met less than half of the eon—
sumption but already over 80 percent in 1966. In the case of phosphate fertilizers Spain has been
self sufficient and produced 3 to 5 times as much potash fertilizers as is annually consumed within
the country.

Except 1n the Atlantie coast zene in the north, rainfall is insufficient in Spain and water ahort=
age is often the main limitine factor in aprieultural oreduction. In addition, annual and seasonal dig-
tribution of precipitation is irremilar. At present about 2.3 million hectares are irrigated, Wheat oa
mainly grown in the dry-farming regions where the annual rainfall ranges From A to B00 mm.  Wheat crelds




yary with regions and years, the average amounting to 1000 kg.-"'ha. in rainfed conditione and 2500 kg,.-"ha
ynder irrigation. Under dry-farming wheat is usually grown after fallow or after a legume crop within
the rotation. Winter wheat is more common than spring wheat (Arnaiz and Comhaire 1969).

23. Sweden

Barley and cats are the main cereals produced in Sweden. In 1966 they were grown on 565,000 and
461,000 hectares respectively while the area under wheat was only 191,000 hectares or 6 percent of the
arable area. In epite of that Sweden iz one of the wheat exporters, partly because of the high yields
(fifth highest in the world in 1962-66) and relatively low domestie consumption. The wheat production
in 1966 was 576,000 tons. Even though this was the lowest in years and e.g. only 54-55 percent of that
in two previous years, it still corresponded to 74 kilograms of wheat per capita while the food use of
wheat was 49 kilograms of flour per capita {Int. Wheat Council 1968},

Table 43, Area, production and yield of wheat and Tertilizer use - Sweden.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production ¥ield kg/arable hectare =
change { 1000 ha) {1000 tens) (kg/ha) ] p2u5 K,0 Total
194852 iz 6717 2100 19 n 18 3
1962-66 251 856 3410 48 36 31 115
Iner. (+) - - 72 + 179 + 1310 + 29 +5 + 13 + 47
decr, (-}

In spite of the substantial (22§) decrease in wheat cultivation area from 1948-52 to 1962-66 the
production increased by 26 percent because of the simultaneous 62 percent increase in hectare yields.
It ig obvious that the 6% percent inerease in fertilizer use, the bulk of which consisted of nitrogen,
has contributed much to the yield increase. During the latter five-year period the production of ni-
trogenoue fertilizers met about ome half to two thirde of the annual consumption, phosphate production
was about equal to consumption but practically all potash was imported.

An example of the response of epring wheat to fertilizere in the central part of Sweden is given
in Fig. 16, showing the effect of N with and without PK fertilizer in soile of three phosphorus levels
determined with A<L-method. The results are based on 127 trials.
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Figure 16. Spring wheat yields as affected by N, P and K fertilization on low (P value < 140},
medium {140-280) and high { > 280) phesplorus soils. P2D5 and K,0 doses were 39
and 199 kg/ha, respectively (JBnsson 1969).



The effect of nitrogen was highly significant on all soil groups even though the ¥ield increases
were rather moderate, not exceeding 30 percent even at the highest nitrogen application (93 kg ¥/ha)
level, and decreased toward soile of highest contents of available phosphorus. Also, the PK effect
was significant and decreased with increasing phosphorus value of the soil. The PK effect was ascribed
mainly to phosphorus. The crude protein content of grain was raised by nitrogen fertilization from
13.0 {(no ¥) to 14.9 (93 kg N/ha) percent. It also increased with increasing phosphorus value of the
goil but wae not affected by PK fertilization.

In ancther study consieting of about 590 trials in the southern and central part of Sweden, nitro-
gen dressings of winter wheat up teo 62 kg/ha were found highly profitable while there was reasonable
doubt concerning additional N dressing (J¥nsson and Bondeson 1966). Even though splitting up the
heavier dressings (93 and 121 kg Hfha} increased the N effect, the profitability of such high doses
gtil]l remained doubtful. The optimum time of winter wheat N dressing was found to be when growth had
gtarted in the epring and the plants had reached a height of about 15 ecm.

Nitrogen topdressing was found to be more effective than application prior to sowing:. The diffe=
rence, however, levels out at high application rates. Splitting the dressing often produces the highest
¥ields. The superiority of topdresseing is most pronounced on loams and clay soils and on soils low in
organic matter. The most common nitrogen fertiliszers used in Sweden, calcium nitrate and nitro-chalk,
were equally effective when applied prior to sowing, but when given as topdressing to spring or winter
wheat caleium nitrate turned out to be more effective (Johansson and Jinsson 1967).

Uneven distribution of nitrogen fertilizer {varying from O to 120 kg tha in experimental con=
ditionas) can cause a yield decrease of 100-150 kg/ha as compared to equal amounts of N (60 kg/ha) dis—
tributed evenly (Nilsson and JBnsson 1969).

Iue to increasing production and changed production policy, decreasing animal production, straw
burning and increased use of concentrated fertilizers the demand for trace element application has
aleo called the attention of goil ecientists. In Sweden the primary mieroe nutrients are manganese,
boron and copper. Iron deficiency is to be expected only exceptionally, molybdenum supply seems to
be relatively well secured and zine offers no serious problem so far. BHoron is of particular importance
for oil-crops and clover seed production and manganese for the production of potatoes {Johansson 196&].
An antagonistic effect appears to occur between copper and phosphorus (Table 44).

Table 44. Interaction between phosphorue and copper fertilizers applied to spring wheat in a pot
experiment with peatsoil, pH 4.9 (Johansson 1968).

Rild ol wmapsrhinagkats Relative yield (check = 100)
(grame per pot) First year Second year
First year Second year without Cu without Cu with Cu
0 0 100 B6 54
2 1 71 Es5 100
6 3 1 2 109
B 9 o 0 107

Building up the phosphorus status by P-fertilization on poor soils with potential lack of copper
can cause an acute copper deficiency. HRiske of copper deficiency are most likely on light soils poor
in nutriente, and increase with increasing organic matter content.

A large number of trials with varying seed rates showed that the gross yield increased with in-
creasing seed rate up to 04 kg aaedfha, However, the net yield {gross yield = seed) increased only
to sbout 150 kg seed/ha, remained at almost constant level with 150 to EEEHngseadfha and showed a
decreasing tendency with higher seed rates. The optimum peed rate was somewhat higher for sites with
high yield level, and further, the seed rate adopted seemed to be of less importance at & high yield
level than at a low one (Bengtsson and Ohlseon 1966),



24. Switgzerland

A cecnsiderable share, about 28 percent, of Switzerland's arable land in 1966 was under wheat which
is by far the most important cereal in the country exceeding the areas of barley and rye, its neareast
competitors, by factors of 3.5 and 7.9, respectively. In spite of this and of the high wheat yields
{seventh highest in the world) harveated in Switzerland ,the production per capita was as low as 59 ki-
lograms of wheat. When the food consumption of wheat was 71 kilograms per capita in terms of flour
(Int. Wheat Council 1968), considerable amounts of wheat have to be imported to fill the shortage.

Table 45. Area, preduction and yield of wheat and fertilizer use - Switzerland.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg/arable hectare _
change {1000 ha) { 1000 tons) {ke/ha) ] quﬁ K,0 [ Total
194852 98 260 2660 21 19 38 138
1962-66 108 163 3350 62 121 113 316
Iner. (+) - + 10 + 103 + 690 + 4 + 42 + 95 +178
decr. (=)

Although the average naticnal wheat yield was already high in 1948-52 it was increased by 26 per—
cent by 1962-66. This, together with an increase of 10 percent in wheat area, raised the production
by 40 percent. Much of the increase in yield can be attributed to over doubled use of fertilizers
during the latter period.

Switzerland's fertiliger consumption per arable hectare is one of the highest in the world., It
differa from most European countries in the fact that the share of nitrogen is relatively low in com
parison to these of phosphorus and potassium. During the last two decades Switzerland has been pro—
dueing nitrogenous fertilizers 10 to 15 percent over its own consumption and 20-30% of its phosphate
consumption but imports potash fertilizers.

Under conditions in Switzerland ecrop rotations seem to have a strong effect on yielda. Vez (1969 a),
for example, reported that in continuous wheat the yield decreased from 41310 to 2590 kg/ha in the third
year. This was mainly because of the spreading of diseases [anpeeially Cercoaporella herpotrichoides
and Ophiobalus graminias). In the fifth year of continuous wheat, only 7% of the crop was free from
disease, while 56, 51 and 50% were healthy when following the four-year rotations of:

(a) wheat = wheat = rye = rape
(b) wheEmt - wheat = potatoes = rape
(e) wheat — wheat - ryegrass — rape, reaspectively.

Wheat yields after a, b and ¢ rotations were 55.9, 57.4 and 55.6 percent higher, respectively,
than in the fifth year of continuous wheat.

Interesting resulta of the interaction between seed rate and nitrogen fertilization were also re-=
ported from Switzerland, where the same grain yield was obtained with 30 kg !eedfhl and 115 kg N/ha as
with 180 kg seed and 70 kg N per hectare (Vez 1969 b).

25: United Kingdom

Cereal crops covered about a half of the 7.5 million hectares of arable land in the United Kingdom
in 1966. Moat of it, 2.5 million hectares, were under barley and wheat was grown on 906,000 hectares
or on 12 percent of the arable land. In spite of the dasnse population 61 kilograma of wheat was pro-—
duced per capita due to the high yields, third highest in the world. The production, however, is not
gsufficient to meet the domestic consumption, 70 kg per capita in terms of flour (Int. Wheat Couneil
1968), and considerable amounts of wheat have to be imported.



Table 4é6.

Area, production and yield of wheat

and fertilizer

use = United Kingdom.

5 Periods Wheat Wheat Aver. nat. Use aof fertilizers
and area praoduction yeild kg/arable hectare
change {1000 ha) {1000 tons) (ke/ha) ] P‘205 K,0 Total
1948-52 BA1 2397 2720 28 46 28 102
1962-66 904 1692 4080 g5 59 53 203
Iner. (+) i + 23 + 13113 + 1360 + 57 + 13 + 11 + 101
decr. (=)

The increase of 55 percent in wheat production from 1948-=52 to 1962-56 is almost a direct con-
sequence of the S0 percent increase in yields, most of which again is likely to result from the almoat
100 percent increase in fertiliger use. An increase of this magnitude in national yield, 13160 kg/ha,
iz especially worth noticing because it is obtained in conditions of already high yield level.

The consumtpion of fertilizers, seventh highest in Europe and tenth in the world, consists of re-
latively even distribution of all three nutrients, even though during recent years the increase in the
use of nitrogen has been most pronocunced. The United Kingdom's fertilizer production meets the domes-
tic consumption of nitrogenous and phosphate fertiligers but potash has to be imported.

Nitrogen is the most important fertilirzer for wheat and under most conditions in the United king-
dom it must be applied if maximum grain yields are to ba obtained.

Table 47. Mean yields of grain for experiments with spring wheat at eight locations over the three
years 1959-61. Effects of nitrogen, potassium and application method (Harvay 1964).
Applied K0 (kg/ha)
fertilizers 0 2 28 56 san
N (kg/ha) Crain yields (kg/ha)
(2 133) (+ 77)
Hil 2910 2890 2875 2890
18 Drilled 3475 3475 3530 3490
18 Broadeast 3605 3590 1580 3590
75 Drilled 3970 4195 4005 4055
75 Broadcast 4230 £065 4095 4130
18 Drilled +
3 Broadcast 4095 4205 41355 4135
Mean (& 51) 3715 3740 3705 3ns

Yield responses to 38 kg N/ha averaged 650 kgfha or 22 percent, The extra 38 kg N/ha produced a
further 15 percent in yield. PBroadcast nitrogen was as effective as drilled nitrogen and there was
no response to potash. Similar results were reported by Leseells and Webber (1965 a). They recom—
mend 15 kg nitrogen per hectare for apring wheat following a series of arable crops, but only SO ka/ha
where the crop is sown late, immediately follows grazed kale, or is the first or second crop following
a long ley or permanent grasa. Late sowing tends to reduce the reaponse to nitrogen [Forbea 19€0). Alse
fir winter wheat the optimum rate is around 75 kg Hfha giving a yield reaponse ranging from 700 to 1800
ke/ha (Lessells and Webber 1965b, McClean and Mundy 1965). In some cases, however, like at Terrington,
no nitrogen was needed for winter wheat after well fertlized potatoes following peas.

The vield of wheat and the responae of wheat to nitrogen also depend largely on the preceding leya
affecting the mineralizable nitrogen in the soils (Fig. 17).
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Figure 17. Effects of mineralizable = N in soils under one-year grnufclover or clover leyvs on
(a) grain vields of winter wheat and its (b) respomse to fertilizer - N. 0 = Yield
with 126 kg K/ha as fertilizer; M = response to 126 kg N/ha as fertilizer; A = yield
with 631 kg N¥/ha as fertilizer;d = response to 63 kg N/ha as fertilizer; O = yield
without fertilizer—N (Gasser 19%8).

Without fertilizer-M, wheat yields increased significantly with increasing mineralizable-l in the
soil (they were highest after clover ley and lowest after ryegrass ley without fertilizer—l). With
T0 kg N/ha as fertilizer (not shown in the graph), yields also showed the same tendency but no longer
significantly. With an application of 140 kg N/ha, mineralizable N in the soil had no effect on the
yield. Conversely, responses to fertilizer N were eignificantly negatively correlated with minerali-
table N in the soils.

Sinece fertilizer nitrogen' is subject to losses in the drainage over winter, application of this
fertilizer should be delayed until spring. The beet time for nitrogen top—dressing is just before
the flowering etems begin to lengthen. Thie cccure about the end of March = end of April depending
on dietricts., Earlier top dressings.tend to give slightly lower yields, while later top-dressings
result in more physical damage to the erop (Holmes 1964).

Yield responses to phosphorus are considerably lower than to nitrogen. For example, the average
resul cu of nine experiments on epring wheat in 1958-62 showed a yield increase of only 150 k&r’hu for
50 kg P,0. per hectare (Devine and Holmes 1964). It was suggested that a suitable application rate
is ubwg gﬁ ke PED per hectare on many soils. On eoils with a very low phesphate content twice that
rate was recommendéd if broadeast and 45-50 kg/ha if combine drilled. On some of the rich phosphate
soils, or following heavily fertilized root crops on mineral soils, no phosphate may be necessary.

Humpries (1968) quoted several experiments in which the yield of wheat was increased by spraying
with CCC although there was no lodging in untreated plots. In an experiment, CCC increased vields by
762 kg/ha on unirrigated plote and 1270 kg/ha on irrigated plots. CCC treated plants had more ears
and more grains per ear. It was thoupht that vield increases are related to the larger root svatem of
treated plantas, which counteracts the effect of temporary droughte especially near the time of ear smer-
FERCY.

26. Yugoslavia

Almost two thirdes of Yugoslavia's B.1 million hectares of arable land were under cereal crops in
1966, Maize was the principal cereal growing on 2.5 million hectares and wheat the next important
eovering 1.8 million hectares or 22 percent of the arable land. The production of wheat per capita,
233 kilograms,was the third highest in Burope and ninth in the whole world. As in most Mediterranean
countries whent is a staple food in Yugoslavia and its consumption as food, 1561 kg per capita in terms
of flour,is among the highest in the world (Int. Wheat Council 1968),



Table 48, Area,

production and yield of wheat and fertilizer use - Yugoslavia.

[}
Pericds Wheat Wheat Aver. nat. Uge of fertilizers
and area production yield kg/arable hectare

change {1000 ha) (1000 tons) kg/ha) N [ F;D5 KQQ Total

1G48-52 1821 217 1190 0.7 ! 1.0 0.4 2.1

1962-66 1979 3885 1960 19.9 ! 16.7 15.8 | 53.4
Iner. (+) - + 158 + 1714 + 770 + 15,2 + 15.7 + 16,4 | +51.3
decr. {—}

From 1948-52 to 1962-66 Yugoslavia's wheat production increased by 79 percent.
increase was due to 55 percent higher yields during the latter period and the remaining 12 percent due
to about 9 percent increase in wheat area.

Most (B84) of this

During the former pericd only insignificant amounts of coomercial fertilizers were used and most

of the substantial yield increase since then can be attributed to the considerably higher level of fer-
tilizer use. In the consumption of fertilizers the share of nitrogen slightly exceeds that of the
other two nutrients.

Yugoslavia 1f practically self-sufficient in phosphate fertilizers, producing about a half of the
domestic consumption of nitrogenous fertilizers but in the case of potash is dependent upon imports.

I¥. b. U.5.5.R. (27)

Wheat is the most important cereal in the U.S5.5.H. covering almost 60 percent (1966) of the total
cereal area and 29 percent of the arable land. For a long time U.35.5.R. has Leen the biggest wheat
producer among individual countries and since the early nineteen~fifties its wheat production has also
exceeded that of Eurcpe and North America. Only Canada and Australia produced more wheat per capita
in 1966 than U.S.5.R. (431 kg).

Table 49. Area, production and yield of wheat and fertilizer use - U.5.5.R.
Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kgfnrthla hectare
change {1000 ha) (1000 tons) (kg/ha) N pénﬁ o Total
194852 42613 157159 840 1 2 b g
1962-66 68014 T1000 1045 8 [ 19
Iner. (+) - +251351 +35241 + 205 + 7 + 3 + 4 + 14
decr. (=)

From 1948-52 to 1962-66 the production was almost doubled.
increast wat due to increased wheat area (from 41 to 68 million hectares), and 29 percent due to an
increase in the average national yield (from B40 to 1045 kg/hal.

Ject to wide variation because of climatic factors

Abeut T1 percent of the productiom

The piroduction in 1962-66 was sub=

¢ 1962p64 and 1966 being high production years

(1050, 1100 and 1440 kg/ha respectively), while in 1963 and 1965 the average yields were only 770 and

B50 kg/ha.

Wheat is grown in U.5.5.F. on soils varying widely in natural qualities.

Notwithstanding a number

of high mountain ranges (Caucasus, Thien-Shan, Pamirs, Altai, etc.), main agricultural areas are on

vast plaino: the Russian, the East European, the West Siberian and the plains of Kazakhstan and Central

Asia (Guerassimov 1962).

The bulk of the wheat in the U.S5.5.R. ie grown in the Russian Federation, Kagakhstan and Ukraine,

producing e.g. in 1959-62 58,5, 20.5 and 17.0 percent of the total wheat volume, respectively.

Spring




wheat represented mbout 61 and winter wheat about 39 percent of the production (Int. Wheat Council
1965). Ewven though an improvement of cultivation methods, wheat varieties etc. have contributed to
raise the average national yield, much of it must be subjected to the fivefold increase in the use of
fertilizers which s8till remains somewhat below the world average. The increase was most marked in the
use of nitrogen.

The general effectiveness of Tertiligzers in the soils of USSR was summarized by Naidin {1961}.
According to him the largest yield increases with NPK application were usually obtained on derncpodzo—
lic soils and particularly in the north-western and central regions of the USSR non-chernozemic belt.
In the Eurcpean part of the USSR their effectiveness decreases towards south—=east and more continental
climate {precipitation deficit, higher summer temperature and shorter growing period). In the Asiatic
part of the USSR similar general tendency exists from east to west.

Nitrogen fertilizers are more effective on coarse podzelic soils than on soila of steppe regime aom
leached and deep chernozems.

Superphosphate ie most effective on leached chernogems of the forest-steppe, ordinary chernozems
of the Ukrainian northern steppe and on Caucasian chernogzems. The effect of superphosphate is smaller
on grey forest soils and sandy podzelic moils (due to X deficiency) and cheetnut soils and chernozems
of the south—east (due to lack of N and Hnter}. In the chernogzemic belt towarde more leached and pod-
golized varieties of soils the effect of N application increases and correspondingly of P decreases.

In the same soil=climatic zone the effect of fertilizers highly depends on soil texture. N and K
fertilizers are more effective on coarser soils, P on the fine-textured soils of a medium cultivation
stage and is less effective on loamy sands.

In areas of insufficient precipitation the effect of fertilizers highly depends on a correct com=
bination of fertilizers and application techniques. Heavy fertilization in these regions must be avoid-
ed. The determinant condition for high and stable yield gain is the techniques and depth of application
that provides for a transformation of nutrient intoc the lower part of the arable layer, which is more
moist during the growing period.

The fertilizer effect, especially of N, increases with irrigation on ordinary, leached and southern
chernozems, on chestnut soile and in particular on light-chestnut socile of the south-east of the Euro—
pean part of the USSR as well as on serozemg and other soils of Middle Asia and Transcaucasus.

In trials in Kazakhstan yield responses of winter wheat to 30 kg N + 40 kg F_0_ per hectare varied
from 12 to B2 percent depending on eultivar and those of epring wheat from 22 to §T5percent (Filoncw
1968).

On a chernozem soil ploughing to 15 cm depth as compared to 20 em increased yields of cereals up
to 17.8 percent (5tojkovie et al. 1968) and in S.E. Caucasus, Tield emergence, winter survival and
yields of winter wheat were highest when the cereals were grown after clean fallow (858, B1-86% and 2460-
2970 kg/ha respectively), closely followed by wheat grown after legumes. The lowest values (T8L,
71=75% and 2100-2330 kg/ha) were obtained from wheat grown after cereals (Rzaev 1968),

In the southern steppe area in Ucraine on chernozem soile urea and ammonium nitrate were equally
effective in increasing yield of winter wheat but urea increased the protein content of grain more than
ammonium nitrate (Tevethova 1968). On leached chernozems in Krasnodar region nitrogen increased the
¥ield and protein content of grain. FPhosphorue when applied to wheat receiving nitrogen also inerecased
the grain yield but decreased the protein content of the grain. Potessium did not affect either yield
or the protein content (Glukhovskii and Peluakova 1969, Turuleva 1969). The amounts of P and K taken
up by plante from the soil depended more on the rate of N applied than on the rates of P and ¥ and in-
ereased with inereasing N applications (Churkin 196%).

Iv. c. North and Central America

In 1948-52 North and Central American countries were contributing about 25.65 percent and in 1962-66
19.5 percent of the world's total wheat production. In 1966 the United States and Canada contributed
over 97 percent of the total production of the region and most of the rest {E.Tf] wae produced in Mexico.
Approximately 200 kilograms of wheat was produced per capita in this region, exceeding the world average
by 110 kilograms. On the average, about 13 percent of the arable land of the region was under wheat.
The United States and Canada are the two leading wheat exporters in the world.



28. Canada

Canada ranks as the fourth producer of wheat in the world. In 1966 the total production was 22.5%
million tone exceeding considerably that of previous years mainly because of exceptionally high yields
(1870 kg/ha) that year. Wheat is the most important crop in Canadian agriculture covering about 12.0
million hectares or 28 percent of its arable land, and 61 percent of the cereal area. Its nearest com—
petitors, oats and barley, were grown on 3.0 and 3.2 million hectares respectively in the same year.
Canada produces more wheat per inhabitant (1130 kg in 1966) than any other country and is a leading
wheat exporter besides U.S5.A.

Table 50. Area, production and yield of wheat and fertilizer use - Canada.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area roduction yield kgfhrah]a hectare 5
change ( 1000 ha) fiﬂﬂﬂ tons) (keg/ha) ] F205 KEB Total
1948-52 10507 13443 1280 1 3 1 5
196266 11496 18320 1595 4 3 14
Incr. (+) + 989 +4877 + 315 +13 + 4 + 9
decr. (=)

About 72 percent of the almost S million ton increase in wheat production from 1948-52 to 1962-66
was due to a 25 percent increase in hectare yields and 28 percent due to a 9 percent increase in wheat
area. The average national hectare yields have been 290=330 kilograms above the world average but ler=
tilizer consumption per arable hectare corresponded to only half of the world average. FPhosphates make
up about one half of the total fertilizer consumption but the ratio between the three nutrients has
been narrowing. The production of nitrogenous and phosphate fertiliszers exceeds their consumption hy
about 795 and 30 percent reppectively and only one twelfth of Canada'o potash production was used within
the country.

In most years the three Prairie provinces, Saskatchewan, Alberta and Manitoba, produce over 95 per—
cent of Canada‘s wheat. Owver half of the erop is produced in Saskatchewan. Ontario produces about 4
percent and less than one percent is produced elsewhere. The low precipitation is one of the main fac=
tors limiting yields. In the Prairie Provinces where the annual precipitation varies approximately
from 10 to 20 inches (250 to 500 mm) the average yields in three provinces, e.g. in 1958=62, varied
from 1,075 to 1,445 kg/ha while in Ontario receiving 30 to 40 inches (750 to 1000 mm) rainfall the ave-
rage wheat yield was 2,345 kg/ha during the same period. (Dominion Bureau of Statistiecs 1964). How-
ever, because of the low rainfall the baking quality of wheat produced in the Prairie Provinces is high.
About 90 percent of wheat produced in Canada is hard red spring wheat and about 5 percent amber durum
wheat (Reitz 1967).

Largely because moisture deficiency hag limited crop yields under prairie conditions, depletion
of plant nutriente has been slow and the soils are still fertile in epite of having been cultivated for
a long time with low fertilization. However, response to fertilizers varies widely from one location
to another due to differences in the natural fertility of the soils, moisture supply, scil morphelogi-
cal and topographic factors and due to cultural practices affecting both the physical and chemical pro—
perties of soils (Mennie and Clayton 1960, Power et al. 1961, Warder et al. 1963, Spratt 1966,
Ferguson and Gorby 1967).

For example, in western Manitoba the response of wheat to phosphorus was found to be related to
the topographic position of the soil. At the lowest topographic position, at Brandon, the Calcareous
Black (*) smoile of the Minicta assocciation to ensure maximum profits from wheat required twice as much
phosphate (46 kg P,0 /ha) as the better drained Orthic Black soils at higher locations (22 kg/ha) in
the Black chernczehid soil catena {Perguson and Corby 1967).

{ In the Griswold-Goodlands area however, the phosphorus requirement was higher for both soils
Fig.18).

(*) For PAO soil classification sce Chapter IIT, c.
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FPigure 18. The relationship between actual yield of wheat and rate of phosphorus (Op = max. profit
point, curves fitted by hand) (Ferguson and Gorby 1967).

It is generally accepted that forage crops included in long=term rotations will improve, or at
least maintain, the desirable chemical and physical properties of the soil. Toogood and Lynch (1959),
for sxample, showed that soil aggregation was appreciahbly higher when a S5=year rotation including grains
and legumes was used instead of a wheat-summer fallow sequence,and considerable difference due to ro—
tation in the response of wheat to fertilizers was reported by Spratt (1966). The results of 1962-65
fertilizer triale established at the Indian Head Experiment Station after two long-term rotations had
been carried out continuously mince 1911, are given in Table 51. Rotation C consisted of summer fallow-
wheat - stubble wheat, and rotation R of summer fallow-wheat - oats as a nurse crop = brome alfalfa for
3 yeara = intertilled corn - wheat = oata.

Table 51. Average summerfallow wheat grain yields for 1962-1965 from fertilizer trials on two rotations
(Spratt 1966). (Average response ratios, kg wheat/kg applied nutrient, are given within pa-

rentheses).
Fertilizer treatment, kg/ha Grain yield, kg/ha % utilization of
applied phosphurus

N P05 K,0 Rot. C. Rot. R Rot. ©C Rot. R
) 0 ) 2287 (-) 2683 (-) - -
5 23 0 2327 (1.4) 2852 (6.0) 11.3 18.13
10 46 o 2321 (0.6) 2744 (1.1) B.5 12.9
20 52 0 2576 (2.6) 2832 (1.1)

20 23 0 2536 (5.8) 2191 (2.5) 17.5 21,8
40 a6 0 2509 (2.6) 2697 (0.2) 15.1 17.1
5 23 24 2509 (4.3) 2638 (3.0) 12,3 17.4
10 46 24 2489 (2.5) 2805 (1.5)

40 46 24 2684 (3.6) 2744 (0.5}

L.5.D. (P = 0.05) 209 : N.5.

. The beneficial effect of brome-alfalfa on the rotation was reflected in a higher yield of wheat.
The average difference between the unfertilized plots was nearly 400 km'"ha. In general; the reaponse



to fertilizer was relatively low. The highest response ratios were cbtained at intermediate (20-23-0)
fertilizer application level in rotation C and at low [5-23=0) application level in rotation R, In-
cluding brome—alfalfa in rotation R also improved physical chemical conditions of the soil, producing
higher total porosity, percent of large agregates, hydrauliec conductivity, O.M. content, total and
nitrate N, total, esxchangeable and organic P and exchangeable K and increased the utilization of ap-
plied phosphorus.

Large areas of the Prairie region are summerfallowed each year for moisture conservation and/or
weed control. In the more arid regiors, only two or three tillage operationa are required to contrel
weeds and 20 to 40 percent of the seasonal precipitation is conserved (Zingg and Whitfield 1957). Im
the Black soil zone of Alberta where precipitation is slightly higher, summerfallow is not recommended
for moisture conservation, but ims used to control persistent weeds. Although four or five tillage ope-
rations are normally required to control weed growth, occasionally six to eight operaticns are used.
The study of Dew (1968), however, shows that four tillage operations are adequate for good fallew.

With two tillage operations, the yield of wheat was raised from 1970 to 2450 and with four operations
to 2800 kgfha {S—yEar average at Lacombe Alberta). Additional tillage, up to 12 operations, had no
effect on the yield.

Significant yield differences, ranging from 270 to 540 kg/ha, due to different cultural practices
in removing crops residues (including various tillage and plowing operations and burning) were ob—
tained during experimenta carried out at five experimental locations. Regardless of the cultural me-
thods beneficial and uniform yield responses were obtained at all locations for the rates tested (Table
52). The response to nitrogen on burned or stubble—mulched plots was not different. The highest
yields were obtained with the highest N and P rates at all stations, showing that the upper yield li-
mits were not reached with the fertilizer rates used. The response ratios were usually highest at 18<
22 kg N + 22 kg P205 rates.

Table 52. The effect of fertilizer on average yield wheat at five stations, kg/ha (*) (Dawley
et al. 196#}# 3

Fertilizer treatment Regina Melfort Melita Indian Head Lacombe

a {4 years av) | (6 years av) |(3 years av) (5 years av) {5 years av.)

N P2G5 Yield Reap. Tield Res:.b. Yield Ren;}. Yield HEH]?- Yield Rem.:.

ratio ratio ratio ratio ratio

56 22 1420a (3.5) 1440a (6.0) | 2630a (7.9)

18 22 1380a (5.7) 13252 (8.7) | 2495b (12.1)

56 o 13206 (3.0) 1265¢ (5.2) 2300 (S5.2)

4] o 1150e ( = ) 1700e ( = } 1210e ( = ) 9754 ( =) 20104 { = )
6 22 1760b (2.1) | 13700 (5.7)
22 22 1890a (4.3) 1425ab(4.9)
45 22 1890a (2.8) 1490a (4.2)

I[*:I Yields accompanied by the same letter are not significantly different. Average response
ratics (kg wheat/kg nutrients) were calculated later and are given within parentheses.

Wind often has a pronounced effect on the growth and development of plants in Canada. During the
period 1950-54 an average yield increase of 47 kg/ha and a maximum of 1076 km"hu for sites close to
treed shelterbelts due to windbreaks were obtained in southern Saskatchewan (Staple and Lehane 1955).
In most instances these yield increases could be attributed to the effect of additional soil moisture
resulting from the accumulation of snow near the hedges. In experiments at Swift Current where the
effect of snow accumulation was eliminated, a reduction of 15 to 49 percent in wind travel due to wind-
breaks led to 12- 23 percent decrease in evaporation and to 24-43 percent increase in wheat yields (Pel-
ton  1967).

The importance of the date of seeding of wheat grown on summerfallow in the conditiona of north-
western Alberta was clearly demonstrated by Anderson and Hennig (1964). A summary of their results is
given in Fig. 19.
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Figure 19. TYields of wheat for nine mean seeding dates, with and without 11=48-0 fertilizer
at 19 kg/ha rate during 1951=56, inclusive (Anderson and Hennig 1964).

Reduction in yield from the firat to the ninth date for unfertilized and fertilized wheat was
42.6 and 34.9 percent, respectively. The application of 19 kg/ha of 11-48-0 fartilizer increased wheat
yields by 51 percent on the average.

The effect of nitrogen on the protein content of wheat meems to wvary with locations. In socuthern
Alberta the protein content of wheat was not increased until more than 45 and, in some cames, more
than 90 kg N/ha were applied (Russel et al. 1958). In the Black and Dark Brown soil sones of Saskat-
chewan neither nitrogen nor phosphorus affected the protein content when up to 215 kg N/ha were applied
(Rennie 1956, 1958), while in the Brown soil zone an increase in protein (in some cases over wan
sbtained on both loam and clay soils with 24-40 kg N/ha and 48-69 kg P.0_./ha applications (Warder et
al. 1963). In Alberta the effect of nitrogen and phosphorus on grain i ein content varied in dif-
ferent years, but 3} years averages of protein production (1957-59) closely paralleled the wheat yiseld
results (Fig. 20). Wheat yields were considerably increased by nitrogen and further increased by the
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Figure 20. Effects of nitrogen and phosphorus fertilization on protein and grain yields of spring wheat
grown on wild-oat infested stubble in Stavely, Alberta 1957-59 (Sexsmith and Fussel 1961).




addition of phosphate at the rate of 22 kgj'rhn. Phosphorus had no measurable effact on the height,

straw yiaeld, seed yield, or number of wild-oat plants, but nitrogen increased the number of seed=-bearing
stems, plant height, straw weight and seed yield, but did not change the wild-ocat stand. Therefore,
Sexsmith and Russel concluded that in this kind of conditiona, fertilizers may be useful for increasing
wheat production but only at the expense of production of increased cguantities of wild-ocat seeds.

In varietal trials in the Prairie Provinces some new Mexican varieties were compared with commer—
cial Canadian varieties. The most promising of the Mexican varieties was Pitic 62. It outyielded Ma-
nitou, a widely adopted commercial variety, by 23 to 79 percent. Tt has some digease resistancs hut
lacks sufficient insect resistance and quality, and showed low phenotymie stability [Walten 196R8),

29. Cuatemala

Over 90 percent of Cuatemala's cereal production consiate of maize. Wheat was grown in 1966 on
only 40,000 hectares or less than three percent of the arable land area, and the production (215,000
tons) corresponded to about 8 kilograms of wheat per capita.

From 1948-52 to 1962-66 the production of wheat increased by 50 percent, about 27 percent of which
was due to 5,000 hectares or 14 percent increase in wheat area and 73 percent due to 38 percent increase
in the average wheat yield. In spite of the increase the national yield remained at relatively low le-
vel corresponding to less than one half of the average wheat yield harvested in North and Central Ame—
rica. The same is true for fertilizer use. WNitrogen consists of about one half and phosphates about
one third of the fertilizers used. For fertilizer supplies Guatemala depends on imports.

Table 53. Area, production and yield of wheat and fertilizer use = Cuatemala.

Pariods Wheat Wheat Aver. nat. Use of fertilizers

and area roduction yield Egéuahle hectare
change {1000 ha) fmc tons) {kz/ha) ] Ebﬁ EECI Total
1948-52 15 20 580 0.4 0.5 0.1 1.2
1962=66 40 32 BOO £.0 3.6 1.8 11.4
Incr. (+) . +5 + 12 + 220 + 5.6 + 3.1 + 1.5 | +10.2

deer. (=)

FAO has carried out both

fertilizer demonstrations and trials in Guatemala (Table 54).

Table 54. Average results of fertilizer trials in 1965-66 (PAD 1968 a).
Treatment Yield Yield Net Retumn Value/Cost
N = I"“.!,‘.‘ll5 - K0 ke/ha increase $/ha ratio

kg ha

Control 663 - (85) -
00 - 0= 0 1257 50 + 47 2.6
00 - 8- 0 1544 133 + 61 2.2
100 - 80 - 50 1625 145 + 61 2.0
W0 = 160 = O 1700 156 + 58 1.8
200 - 0= 0 1169 16 + 6 11
200 - 80- 0© 1275 52 -3 1.0
200 - 160- 0O 1119 69 - 45 0.6
200 - 160 - 100 1513 128 - 16 0.9




Applications of 200 kg Hfha appeared to be too high since they decreased the yields as compared
to those with only 100 ke N/ha and nullified the net returns.

The highest vield was obtained with 100-160-0 treatment, while applications of only half as much
phosphate gave the highest net returns. Potassium increased the yield but not the net return. The
largest net returns were obtained in the West Plateau region.

i0. Honduras

As in most Central American countries maize is the most important cereal crop. Wheat area of Hon-=
duras has varied between 1,000 and 2,000 hectares during the last two decades and the national wheat
yield between 580 and 560 kilograms per hectare. In 1966 only about 0.2 percent of the arable land and
0.4 percent of the cereal area was under wheat the production of which corresponded to less than half a
kilogram per capita.

From 1948-52 to 1962-66 the consumption of fertilizers per arable hectare increased from 1.5 to
9.9 kilograms, of which 8.6 kg consisted of nitrogen.

31. Hexico

Almost one third of Mexico's arable land was under maize in 1966. Wheat, the second important ce—
real crop was grown on 683,000 hectares or on 2.9 percent of the arable area. The productior of wheat
corpesponds to 36 kilograms per capita. DBecause maize is the main staple food in Mexico, the food con-
sumption of wheat has been low and has shown a further decreasing tendency during the nineteen-sixties.
Only 14 kilograms per capita in terms of flour was consumed in 1965-66 (Int. Wheat Council 1968). The
decreasing consumption combined with considerably increasing production have turned Mexico from a wheat
importer into an exporter.

Table 55. Area, production an& yield of wheat and fertilizer use - Mexico.

Periods Wheat Hheét Aver. nat. Uge of fertilizers
and area production yield kg/arable hectare =
change { 1000 ha) {1000 tons) (kg/ha) N PEDS K0 Total
194852 604 534 880 0.4 0.4 0.1 0.9
1962-66 750 1702 2270 10.2 2.7 0.5 13.4
Iner. (+) i + 146 + 1168 + 1390 + 9.5 + 2,1 + 0.4 |+ 12.5
decr. (=)

Despite the fact that Mexicds wheat cultivation area increased only bv 24 percent from 1948-52 to 1962-66,
the production in the latter period was over threefold as compared to that in the former period. About

86 percent of the produetion increase was due to the 158 percent increase in hectare yields and 12 per—
cent due to additional area.

Pertilizer consumption is at a relatively low level consisting mostly (3/4) of use of nitrogenous
fertilizers. The average figures for the period 1962-66 do not, however, show the development within
ihe period which is quite substantial. The consumption of N, P D5 and K.0 was increased by factors
2.4, 10.4 and 2.2 respectively from the first to the last year 6f“the period mainly under influence of
the new varieties. About one half of nitrogenous and all pheosphate fertilizer consumption is met by
home production but potash is imported.

The four North Pacific States, especially Sonora, lead both in acreage and yield and produce about
half the entire wheat crop. Ten Central Mexican S5tates produce about one third of the crop and the se—
ven Norther States produce most of the remainder (Seer. Agr. Canaderia 1962, ref. Reitz 1967).

"

The rapid adoption of the semi-dwarf varieties by farmers in Sonora, Baja California and Sinalea,

and their eulture to the near exclusion of other varieties represents one of the most sweeping changes



in variety type in recent times (Borlaug 1965). This phenomenal improvement in wheat production in
Mexico was also due to the application of research on soil fertility, irrigation and moisture manage-
ment, agronomic practices, and the control of diseases, insects and weeds.

Mexican fertilizer trials showed that nitrogen was a miracle food for wheat in many areas and that
phosphorus was often a strong booster. In typical experiments on properly irrigates soils in the Bajio,
for example, the addition of 140 kilograms of nitrogen per hectare raised the yields more than four-
fold, from 600 kg/ha without nitrogen to 2700 with it, Non-irrigated soils yielded only some 550 kg/ha
without nitrogen and 1300 kg/ha with it; and when phosphorus was added, yields were often increased
five or sixz-fold. By 1954 many Mexican farmers were getting 3000-4000 kg/ha from lands that had given
650=T0OO kig/ha before they started fertilizing (Stakman et al. 1967). An example of the excellent res—
ponsiveness of the Mexican dwarf varieties to nitrogen is given in Fig. 21. The response ratios for
the two varieties, Inia and Ciaro, at the 50 kg H,.-"hn rate of fertilization were 315 and 27 and at 200
kg N/ha level still 21 and 15 kg grain/kgN respectively.
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Figure 21. The effect of nitrogen fertilization on grain yields of the Inia and Ciano wheat
varieties at the CIAND experiment station, 1969 (CIMMYT 1965).

The record-breaking development in wheat production in Mexico ie shown in Fig.?2. A short histo-

ry of the work leading to the developent of high yielding varieties, carried out in Mexico, ism given
in Chapter II.
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Figure 22, Cultivated area, production and yield of wheat in Mexico, 1925-69 {CIMMYT 1969).



12, United States of America

About one third of the United States 180 million hectares of arable land was under cereal crops
in 1966. Maize was the principal cereal growing on 23 million hectares and wheat, the next in impor-
tance, on 20.2 million hectares or on 11.2 percent of the arable land. The production corresponded to
181 kilograms of wheat per capita which is about three times as high aes the food consumption of wheat,
and consequently U.S.A. is & leading wheat exporter besides Canada (Int. Wheat Council 1966, 1968).

Table S56. Area, production and yield of wheat and fertilizer use - U.5.A.

Feriods Wheat Wheat Aver. nat. Use of fertilizers
and ATea production ¥ield I:g,-"nrnble hectare .
change {1000 tons) {1000 tons) (kg/ha) N P2ﬂ5 K0 Total
1948-52 27,756 31,065 1,120 7 11 7 25
1362-66 19,294 33,472 1,735 25 19 15 59
Incr. (+) | = 8,462 + 2,407 + 615 + 18 + 8 + 8 + 34
decr. (=)

In spite of the substantial decrease in wheat area due to the acreage control in U.S5.A. during re—
cent years the production of wheat was increased by almost eight percent from 1948-52 to 1962-66 resul-
ting from the 55 percent increase in hectare yields. During the same period the consumpticn of ferti-
lizers more than doubled, over half of the increase consisting of nitrogenous fertiligers. MAccording
to U.S, D.A. statistics (Ibach and Adame 1967) on tiie average 9.5 percent of agricultural consumption
of fertilizers (10.4% of Ny 11.4% of P-, and 6.4% of K- fertilizers) were used for wheat crops in 1964.
This corresponds to 45 (21+16+2) kilogram nutrients per wheat hectare which was somewhat less than the
average use per arable hectare (22+18+14=54 kg/ha) in the same year (FAC 1967 a). U.S.A. produces ni-
trogenous and phosphate fertilizers over its own consumption while the consumption of potash slightly
exceeds the production.

Wheat is & significant crop in 42 states of the U.S.A. (Reitz 1967; Fig.23). In 17 states the
production exceeded half a million ton in 1958-62 (USDA, 1964): Kansas (T Omillion tons), North Dake—
ta (3.3), Oklahoma (2.8), Nebraska (2.2), Montana (2.1), Washington (1.8), Texas (1.8), Colorade (1.5),
Illincis (1.4), Ohioc (1,1), Indiana {1.1), Idaho (1.1}, Missouri (1.0), South Dakota (1.0), Michigan
(1.0), Oregon (0.7}, and Minnescta (0.6). These states contribute over 90 percent of the total wheat
production.
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Figuﬂ 23, DMetribution of wheat in the United States and general boundaries of market classes
(Ref. Reitz 1967).



The highest yields, 2000-2500 kg/ha are obtained in the states where rainfall is usually ample
{(e.g. Ohio, Indiana, Illinois, Michigan) or where irrigation is common (e.g. Washington and Idaho). In
states where rainfall is limited the yields usually vary from 1300 to 1800 kg/ha. There are also con-
siderable differences in the average amounts of fertilizers used for wheat crop in different states.
E«gs in 1964 less than 10 kg,.l"hu. of nutrients were apolied for wheat in fertilizers in Colorado, Monta-
na, Nebraska and Dakotas, while in Indiana, Michigan and Chio the amounts exceeded 100 ke/ha (Ibach
and Adams 1967).

Becaune most of the wheat is produced in areas where moisture is a limiting factor for crop growth,
the relations between moisture availability and yield response to fertilizers play an important role in
the numerous studies carried out on wheat fertilization.

For example, in North Dakota where there is about 160-200 mm precipitation during the average 85
to 90 days growing season, moisture is usually utiliged entirely by plants or otherwise lost. Storage
of a reserve moisture supply in nonfallowed soils is then limited mainly to rainfall occuring between
harvest and the succeeding spring period.

Table 57. Grain yields in check plots and response to fertilizer in relation to growing-season
rainfall and to amounts of stored available soil moisture (0-120 em depth) at seceding
(Bauer et al. 1965).

Rainfall | Available | Number | Check Yield iner. over check (kg/ha) with
{mm) Boil of yield different N + P2ﬂ5 (kg/ha) treatments
moisture trials kg/ha
(=) 0+ 42 72 + 42 a5 + 42 o7 ¢ 42
< 100 4 854 67 594 217 34
100-150 12 1204 215 289 156 242
150-200 21 1305 67 287 m 444
200-250 19 1581 135 383 552 504
> 250 10 1682 161 51T T80 821
< 50 26 1076 141 220 215 195
50-100 20 14E0 148 316 424 n
100-150 10 1742 =34 504 733 753
> 150 10 1693 262 531 874 1029

The resultes shown in Table 57 indicate that average grain yields increased as rainfall increased,
both without and with Tertilizers. Response, as well as rate of nitrogen fertilizer needed for maximum
¥ields, also increased as rainfall increased. As stored available soil moisture at seeding increased,
there was also an increase in the nitrogen (with P) fertilizer rate required to produce the maximum
¥ield response and an increasec in the response to a given nitrogen rate. With more stored available
goil moisture at seeding, less seasonal rainfall was required to produce profitable responses to ni-
trogen. The correlation was higher for total moisture (seasecnal rainfall + ptored available soil mois—
ture) than for either moisture category alne). Total moisture accounted for 46.5% and 40.3% of the yidd res-
poense to NP and N fertilizer, respectively.

Similarly, Armmy and Hanson (1960) found that about 66 to 857 of the variation in spring wheat yields
in the plaing area of Montana was attributable to variations in soil moisture supply at seeding, preci-
pitation, and total daily maximum temperatures during the growing season.

In the Brown scil zone of Northe'm Great Plains (Huntley) where annual precipitation averages 250
to 330 mm of which less than half falls during the growing season, spring and winter wheat grain yields
averaged only about 30 percent of the potential yield with soil moisture removed as a limiting factor.
In these conditions, response to fertilizer will nearly always be modified, if not overshadowed, by
moisture conditions as the vepetative growth, first accelerated by fertilizer, persisted only until
heading then gradually disappeared because of decreased moisture supply (Brown and Cambell 1966).

Under conditions in Oklahoma, 80il moisture at seedinp, growing season precipitation, soil mois—
ture in the spring and winter wheat yield level were all positively and simificantly correlated to
yield response to nitrogen fertilizer (Eek and Tucker 1968)., It was, however, concluded that soil



meisture level at seeding or in the spring is not particularly indicative of ¥ield levels or yield re-
sponse to nitrogen, and that rainfall distribution is more important than total rainfall. Temperature
during the ripening period had no significant effect on yield response to nitrogen while there was a
trend toward inereasing response to N with decreasing soil organic matter content and with increasing
yield lewvel.

The importance of sufficient soil moisture to yield response to nitrogen can also be seen from

the results of an irrigation trial (Pig. 24) carried out in Logan, Utah (Singh 1960).
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Figure 24. Yield of wheat in relation to moisture and nitrogen fertilization (Singh 1960).

In Tllinois, where precipitation is usually high, the relationship between yields of winter wheat
and applied nitrogen was nearly linear (up to 67 kg N/ha and about 1200 kg/ha yield increase; aver.
1961-1961), but the response varied widely between years. Spring applied nitrogen was about 50 percent

more effective than nitrogen applied in autumn (Welch et al. 1966).

Because of promising results from trials with semi-dwarf varieties, considerable areas are sown
to these wheats especially in the southwestern parts of the United States. For example, trials carried
ocut in Utah showed that net dollar returns from semi-dwarf varieties of wheat were nearly double those
obtained with tall, hard red spring wheats when both were ferti)ized with nitrogen (Table 58). Tield
increases were primarily due to the production of more tillers. Added phosphorus gave no significant
inerease in any measured character.

of Norin 10 origin) rated semidwarf.

Table 58, Resulta of four—year trials with tall and semi-dwarf wheat varieties (Woodward 1966).
Character Variety Nitrogen used, kg/ha

rating * ) a5 50 79
Yield, kg/ha Tall 2798 1228 1989 4311
; Semi-dwarf 375 3995 5139 5596
Protein, % Tall 13.2 1.6 14.3 14.6
Semi=dwarf 1.7 11.9 1.3 12.4
Sedimentation, Tall 313 1 46 42
units Semi-dwarf 28 29 £y | 13
Height, em Tall 109 114 117 119
Semi—dwarf 81 A3 B3 91
Ledging, & Tall 18 28 16 40
Semi-dwarf 3 0 1 5
Yield increase Tall 0 430 1191 1513
kg/ha Semi-dwarf 0 f20 1964 2421

*/ Pilot, Svenno, Thatcher and W 187-11 rated tall; W 256=3-15, W 212-4-15 and W 212-3-18 (all




IV, d. South America

Over 90 percent of South America's wheat production takes place in the three scuthern countries
of the continent, Argentina, Chile and Uruguay. There is important production alsc in Brazil, Colombia,
Peru, Equador and Bolivia, some in Paraguay and Venezuela, while the other countries do not prugur:.a
wheat to any significant extent. The greater portion of the wheat area lies between 307 and 40° south
latitude with only limited acreage south of this area in Chile. MNorth of 30°S wheat is cultivated only
at moderate to high altitudes. In 1948-52 South America® wheat oroduction contributed to 4.7 percent
and in 1962-66 to 3.7 percent of world's total wheat production.

33. Argentina

Argentina is the most important wheat country in South America and one of the ten leading wheat
producers and exporters in the world. In 1962-66 75 percent of the wheat produced in South America
came from Argentina.

In 1966 wheat was grown on about 5.2 million hectares or on 27 percent of Argentina's arable land
or 47 percent of its cereal area. The areas under its nearest competitors, maize and sorghum, were
3«3 and 1.1 million hectares respectively. The production of wheat per capita was 275 kilograma (se—
venth highest in the world) in the same year, only less than one half of which, 99 kg in terms of flour,
was consumed as food within the country (Int. Wheat Council 1968),

Table 59. Area, production and yield of wheat and fertilizer use — Argentina.
Periods Wheat Wheat Aver. nat. Uge of fertilizers
and area roduction yield kg/arable hectare
change (1000 ha) 1000 tons) (kg/ha) ] quﬁ K0 Total
1948-52 4,487 5,175 1,150 0.4 0.3 0.1 0.8
1962=66 4,997 7,509 1,500 1.0 0.3 0.2 1.5
Incr. (+) + 510 + 2,334 + 350 + 0.6 + 0 + 0.1 40.7
| decr.

Wheat yields in Argentina have been relatively high considering the low level of fertilizer use.
However, the yearly variation in wheat yields due to climatic conditions is rather marked. During the
five-year pericd of 1962-66, for example, the annual yield varied from 1840 {in 1964) to 1,200 (in
1966) kilograms per hectare. It is likely that with increased use of fertilizers wheat yields could
be considerably raised and probably their yearly variation reduced. Among the reasons discouraging
the use of fertilizer for wheat are the unfavourable whu.tffeﬂilinr price relations in Argentina (A-
rens 1966). About one third of the consumption of phosphates and some 13-14 percent of nitrogenous
fartilizers are produced in the country but all potash fertilizers are imported.

Much of the land now growing wheat was previously "pampa", fertile long-grass prairie, which was
ploughed and taken under cultivation. The cultivation of wheat in Argentina is limited in the north
by a combination of high temperature and high humidity in the growing season, in the west by arid de-
sert conditions and in the south by drought and low temperatures. Because of these widely varying con-
ditions of wheat production, a wide variety of hazards to wheat growing are involved, The most serious
of these are drought, heat, cold, late frost, hail, strong winds, and diseases including stem, leaf
and stripe rusts (Peterson 19655.

Nitrogen proved to be the most effective nutrient for increasing wheat yields in experiments car—
ried out in the wheat areas of the South of the Santa F& province and the North of the Buenos Aires
province (Table 60).

For phosphorus, applications at rates of 40 and 80 kg P.0. per hectare, the yield increases were
considerably smaller, 182 and 369 kg/ha respectively, and tha fesponse ratio of 4.6 at both rates.
Potassium showed only 133 and 163 kg/ha yield increase at rates of 30 and 50 kg K.0 per hectare and
response ratios of 4.4 and 2.7, respectively. The ten trials in the provinces of Buenos Aires and
Cérdoba, reported by Barreira and Lopez Dominguez (1964), showed the higheat economic returns for

an early (until tillering) appliecation of 50 kg N per hectare.



Table 60. Average results of nitrogen fertiliszation trials (Caravello and Giannetto 1964).

Nitrogen Yield Yield increase Reaponse Ratio
application kg/ha ke/ha o kg grainfkg ¥
I:gfhl.
[} 1,613 - - 2
50 2,053 440 27.3 8.8
100 2,245 632 39.2 6.3

In Argentina, the co=operative INTA-CIMMYT-Ford Foundation Programme for the rapid acceleration
of both maize and wheat production has been established. During 1958 about 90 advanced genetic lines
were included in the official pre—inscription replicated yield tests and compared with the principal
commercial wheat varieties. Many of these lines outyielded the best check varieties. Also 313 dwarf
durum lines were compared for yield to the tall strawed Argentine commercial durum varieties. Although
19 of the durum dwarfs outyielded the best commercial durum check variety, the yields were 1 ton
less than the best experimental bread wheat lines. There is a need to increase both the speed and scope
of the wheat breeding programme in Argentina (CIMMYT 1969).

34. Bolivia

Maize and barley are the main cereals grown in Bolivia making up 45 and 24 percent of its cereal
area respectively in 1966. The share of wheat was 19 percent of the cereals and 2.9 percent of the
arable land area. In spite of some increase in wheat area and yields, the production was only 70,000
tons in 1966 or about 15 kilograms per inhabitant.

Table £1. Area, production and yield of wheat and fertilizer use - Bolivia

Periods Wheat Wheat Aver. nat. 2 Use of fertilizers
and area roduction yield kg/arable hectare
change (1000 ha) fmn tons) (kg/ha) ] 205 Eza Total
1948-52 61 a7 610 0.0 0.0 - 0.0
1962-66 84 67 80O 0.2 0.1 0.1 0.4
Iner. (+) i + 23 + 30 + 190 + 0.2 + 0.1 + 0.1 + 0.4
decr. (=)

The national yield is lower than in most South American countries and the consumption of fertili-
zers fer arable hectare less than in any other wheat growing country of the continent. For all ferti=
lizers Bolivia depends on imports.

Wheat is grown in Bolivia mainly in the mountains at various altitudes up to about 3600 meters.
It is grown during the warmest part of the year at these altitudes while at lower altitudes its growing
season is during the coolest part of the year. Depending on the altitude some wheat is sown every month
but the main months of harvesting are May, June and July (Peterson 1965).

35. DBrasil

Almost 30 million hectares or about 39 percent of the arable land of the whole of South America
is located in Brazil and 45 percent of it was under cereal crops in 1966. The main cereals, maize and
rice, were grown on 8.7 and 4.0 million hectares respectively while the area under wheat was only
717,000 hectares, corresponding to 2.4 percent of Brazil's arable land and 5.3 percent of its cereal
area. The wheat production was 615,000 tone or T kilograms per capita in the same year. The consumption



of wheat as a food is low, only 16 kg flour per capita, but still most of it must be met by importa—
tion (Int. Wheat Council 1968). Ewven in 1968, a year when the domestic wheat crop reached an alltime
record, domestic production supplied only about 23 percent of consumption. Wheat was the single most
expensive Brazilian import; its wvalue (c.i.f.) was the equivalent of US$182 millien, or about one fourth
of the coffee export earnings (McDonald 1969).

Table 62. Area, production and yield of wheat and fertilizer use — Brazil.

Periods Wheat Wheat Aver. nat. Uge of fertilizers
and area production yield kg,i"'amhle hectare _
change {1000 ha) {1000 tons) {kg/ha) N P;EE Een Total
1948-52 671 498 740 0.4 0.4 0.4 1.2
1962-66 751 588 785 i 2.0 1.0 2.8 7.8
Iner. (+) or + B0 + 90 + 45 + 1.6 + 2.6 |+ 2.4 + 6.6
deer. (=)

The 18 percent increase in wheat production from 1948-52 to 1967-6f im mpstly (667) due to expan-
ginrn in wheat area but also {34¥) due to increase in the averare national yvield. In aspite of the mixfold
inereage in fertilizer uaa the congumption still remained somewhat below the South American averare and
wiag less than one third of the averare fertilizer uae ner arahle hectare in the whole world. Brarils fer-
tilizer production meets about two thirds of its phosphate and one tenth of its nitrosen consumption.

Most of Brazil's wheat production takes place in the three southernm states: two thirdiin the Sta-
te of Rio Grande do Sul and about one third in Santa Catarina and Parand. North of this region, in
the forest and savanna lands, long periods of drought in the winter season prevent successful wheat
production. In the Amazon wvalley the combination of high temperature and high humidity is unsuitable
for wheat. A rather soft red bread wheat of the spring habit ie sown in the autumn or early winter
{mainly in June and July) and harvested in November—December (Peterson 1965).

Although many scientists have been working to improve Brasilian wheat yields through investigations
into soil fertility, fertiliszer use, cultural practices, and development of new high yielding, disease
resisting varieties, a breakthrough similar to those in Mexico, Indim and Pakistan has not yet been
achieved. Aluminum toxiecity of soils that existe in much of the country is one of the factors preven-
ting the successful growth of imported varieties including those from Mexico. Experiments indicate
that this toxicity can be corrected with applications of lime. Brazilian varieties do fairly well even
without lime. Research for crossing Mexican and other imported varieties with Bragilian varieties re-
sistant to aluminum toxieity are being carried out (McDonald 1969). Even though rust is fairly well
controlled in Brazil, Gibberela and Septoria cause serious problems in Bragzilian conditions and diffe—
rent opinione of the poesibility of Mexican type breakthrough in Bragil's wheat production hawve been
presented. One of the most optimietic is that of Dr. W.CGibler, Technical Director of the intensified
wheat programme that Massey Perguson is carrying out in Brasil in cooperation with FAQ. He believes
that within three years Brazil will close much of the gap between domestic production and total requi-
remente and has the capacity within ten years to come much closer to melf-sufficiency (McDonald 1969).

36. Chile

Ae a wheat country Chile ranke second {after Argentina) in South America. In 1966 wheat was grown
on 17.4 percent of the arable area and two thirds of Chile's cereal production consiets of wheat, the
rest being mainly ocats, barley and maize. The production corresponded to 133 kilograms of wheat per
capita.

Table 63. Area, production and yield of wheat and fertiliger use = Chile.

Pericds Wheat Wheat Aver. nat. Use of fertilizers

and aArea oduction yield kg/arable hectare
change {1000 ha) 1000 tone) {ke/ha) ] PEDE_ K0 Total
194652 717 928 1,190 2.2 3.2 0.6 7.0
1962 a3 1,222 1,465 8.0 14.7 2.9 25.6
il e + 58 + 294 + 275 +5.8 | +10.5 |+2.3 [+18.6




Chile's wheat production increased from 1948-52 to 1962-65 by about 12 percent. About three
fourths ['H:Ku} of this increase was due to the higher yields during the latter pericod and the rest {Eﬂ'-}l
wag due to increased wheat area. The wheat yields harvested in Chile were some ten percent higher than
the average in South America during both periods under compariscn. Much of the 12 percent yield in-
crease can be attributed to the increased use of fertilizerws.

In terms of the increase in fertilizer use from the former to the latter Tive-year pericd and of
the corresponding increase in national wheat yield, the response of wheat to fertilizers including o-
ther yield factors was about 15 kilograme of wheat per one kilogram of nutrients (N+F_O_+K 0) given in
25 ¢
fertilizers.

The production of nitrogenoua and phosphate fertilizers in Chile shows a decreasing trend while
that of potash has been increasing. In 1966-67 about one third of nitrogen and two thirds of potash
production was consumed by Chile while the production of phosphate fertilizers contributed less than
ten percent of the domestic consumption.

Chile's wheat area extends from 32° to d?u gouth latitude in the norrow belt of land between the
coastal range on the weat and the Andes mountains on the east. In the north it is limited by extreme
desert conditionas and in the south by excessive rain and low temperatures. Most of the wheat produced
ig common bread wheat of soft texture and low protein but also some durum wheat is grown. About one
quarter of the wheat is produced under irrigation (Peterson 1965).

In Chile the response of wheat to fertilizers varies with soils as demonstrated by the results ob-
tained at thirteen experiment stations. At four stations marked increases in yield were obtained with
nitrogen; at another five, phosphorus was the most effective plant nutrient; at two other stations
both nitrogen and phosphorus were beneficial. At two stations no significant increases were cbtained
with N, P and K applied either singly or in combination. At am o these two stations the yield of wheat
was high, probably indicating high fertility, but at the other the yield was low. In the latter case,
lack of response to fertilizers was explained by the existence of other growth limiting factors, lack
of moisture and a poor physical condition of the eoil (Ignatieff and Page 1962).

17. Colombia

Maize and rice are the main cereals in Colombia making up 67 and 21 percent of ite cereal area in
1966 respectively while that of wheas (115,000 ha) was only & percent or 2.1 percent of the 5.0 million
hectares of arable land. The production of wheat, 94,000 tons, corresponded to five kilograms per ca-
pita.

Table 64. Area, production and yield of wheat, and fertilizer use - Colombia.

Periods Wheat Wheat Aver, nat. Uge of fertilizers
and ATEa production yield k.&-"nrablu hectare
change {1000 ha) { 1000 tona) (kg ha) N PEDS K,0 Total
194852 173 124 715 0.5 1.1 0.9 2.5
1962-46 125 16 930 9,3 9.9 1.3 26.5
Iner. (+) or - 48 - B + 215 + 8.8 + B.B [+ 6.2 24.0
deer. (=)

In spite of a 30 percent increase in hectare yields from 1948-52 to 1962-66 the average mnnual

production fell by 8000 tons or by 6 percent because of a 2B percent reduction in the wheat cultivation
area. During the earlier period given above the conaumption of fertilizere was, on the average, at the
level of that in South America. Since then it has been increased tenfold and in 1962-86 almost three
times as much fertilizers per arable hectare were used in Colombia than, on the average, in South Ame-
rica. Much of the yield increase can be attributed to increased fertilizer consumption consisting of
approximately equal doses of all three main nutrients. About two thirds of the consumption of nitro-
genous and one fifth of that of phosphate fertilizers were produced within the country.

.
Most of Colombia's wheat is preduced in mountains at various altitudes where some of it is sown every
month because of the diverae conditiona due to different altitudes, but the main harvesting time falls be-



tween August-December (Peterson 1965).
tropical cropm.

At low altitudes wheat cannot compete with more remunerative

Wheat has shown good response to fertilizers in trials and demonstrations curried eut in Colombia

by FAO, An example is given in Table 6£5.
Table 65. Average results of 14 fertilizer demonstrations in the Narino region (FAO 1370).
Treatments Yield Yield Net Return Value/Cost
N - PO - K0 kg/ha increase $/ ha ratio
kefha | %
Control 1,135 - - (165) -
60- 0- 0 1,543 408 36 + 43 3.7
Eﬂ - S‘D - 0 1.33? T‘DE 62‘ +* '63 2-6
60 = 90 = 10 1,707 572 50 + 319 1.9
90 = 135 = 30 1,847 T12 63 + 40 1.6

The highest value/cost ratio was obtained with 60 = 0 = 0 treatment, the highest net return with
60 — 90 = 0, and the highest yield with 90 — 135 = 30 treatment.

Besides the demonstrations shown above, 8ix fertilizer trials were carried out simultaneously in
the same region. These alsoc showed poaitive main effects to nitrogen and phoephorus. The highest
yield inerease (53%) and net return ($88) were obtained with 90 = 135 = 30 treatment.

38. Ecuador

Wheat was grown in Ecuador on 73,000 hectares or on 2.5 percent of its arable land area in 1966,
The three principal cereals of the country, maize, barley and rice, occupied 100,000, 160,000 and
101,000 hectares respectively in the samz year. The production of wheat, 73,000 tons, was equal to
about 14 kilograme per capita.

Table 66. Area, production and yield of wheat, and fertilizer use = Ecuador.
Periods Wheat Wheat Aver. nat. Uge of fertilizers
and area production yield kgfluhln hectare =
change (1000 ha) (1000 tons) (kg/na) N F,0; K,0 Total
194B-52 55 21 420 0.1 0.1 0.0 0.2
1962-66 T3 £9 940 241 2.0 1.2 |
Iner. (+) + 18 + 46 + 520 + 2.0 + 1.9 + 1.2 + 5.1
deer. (=) °F

Ecuador trebled ite wheat production from 1948-52 to 1962-66.
twofold hectare yields harvested during the latter period and to a lesser extent (2

This was mainly

T9E) due to over
) due to expan—

sion in wheat area. In spite of the remarkable increase in yields, they still remain well below the
South American average.

The ratio between the three main nutrients given in commerical fertiliszers corresponde closely to

the average ratio in South America but the level of fertilizer use per arable hectare is considerably
lower.

The conditions of wheat production are very similar to those in Colembia.

Fertilizer triales with wheat carried ocut by FAO in 1965-66 in Ecuadcr showed good response to both



nitrogen and phosphorus while responses to potassium were lower (Table 67).

Table 67. Average results of three fertilizer trials in the Sierra, Bcuador in 1965-66 (FAQ 1968,a).

Treatment Yield Yield Net retumm Value/Cost
N-PO -KO kg'ha Increase $/ ha ratio
25 2 Pl
Control 1,301 - (149} -
45 - 0- © 2,238 68 + 17 4.1
D-135- 0 2,162 2 + 52 2.3
0= 0= 45 1,467 10 + 6 1.7
45 =135 - 0 3,160 137 + 139 3.1
45 -« D= 45 2,147 61 + 57 2.7
0= 135 = 45 2,101 58 + 36 1.7
45 = 135 = 45 3,432 158 + 160 3.1
90 - 270 - 90 3,856 190 + 132 1.9

The highest value/cost ratic was obtained with 45 N/ha treatment. The heaviest treatment (90 -
270 = 90) gave the highest yield increase while an application of half this dose showed the best net
return.

Contrary to the results given in Table &7, potassium was the moat effective nutrient in the one
trial and in several of the ten demonstrations carried out during the following growing season in the
Sierra region (FAD 1969, & ). The most complete treatment (NFK) generally gave the highest yield in-
creases and largest net return but these were considerably lower than the year before. Only in one
demonstration the net return exceeded $100/ha and the average of the two next highest was $72/ha, whi-
le in othere it was marginal or negative despite good yield ihcreases.

39. Paraguay

Wheat playe only a minor role in Paraguay's agriculture since e.g. in 1966 it occupied only 7,000
hectares or 0.8 percent of the 929,000 hectares of arable land. Maize, the main cereal, was grown on
151,000 hectares in the same year.

From 1948-52 to 1962-66 Paraguay's wheat area increased from about 2,000 to almost 9,000 hectares.
With a simultanecus increase in hectare yielda, from 670 to 940 kg/ha, the wheat production was raised
from & 1,000 ton level to about 8,000 tons. In 1966 the production was about 9,000 tons or four kilo-
grame per capita. No data of fertiliger use were available.

The conditions of wheat production are similar tothose in the adjacent areas in Brazil.

40. Pe

Am in most South American countries maize is the main cereal crop in Peru where it was grown on
370,000 hectares in 1966. Also the area of barley {175,000 ha) exceeded that of wheat, which was
150,000 ha or S.% percent of the arable land area. The production of wheat, 140,000 tonas, correspon—
ded to 12 kilograme per capita.

There have been only relatively small changes in Peru's wheat cultivation area, production and
hectare yields during the last two decades. The same concerns fertilizer consumption, except ni-
trogen the use of which has been doubled.

In 1948-52 Peru was practically selfeufficient in all three main fertilizer nutrients but in



Table 68, Area, production and yield of wheat, and fertilizer use — Peru.
Periods Wheat Wheat Aver. nat. Use of fertilizers
and area roduction yield kg/arable hectare
change {1000 ha) ?muo tons) (kg/ha) N P0c K,0 Total
1948-52 158 146 920 13 9 2 24
1962-66 152 147 970 26 8 3 37
Iner. (+) - b + 1 + 50 + 13 -1 + 1 + 13
decr. (=) °F

1966 its own production met only three fourths of the consumption of nitrogenous and one half of that
of potash fertiligers. The amount of phosphate fertilizers produced exceeded that required for domes—
tie conesumption.

In Peru, as in other tropical and subtropical Andean countries, the bulk of wheat is produced in
the mountains at various altitudes. The sowing times, depending on the altitude, are distributed through-
cut the year but the bulk of wheat ie harvested in June and July (Peterson 1965).

41. Uruguay

Wheat is the principal cereal in Uruguay where it was grown in 1966 on 380,000 hectares or on 17
percent of the arable land area. The areas of ite nearest competitors maize, barley and ocats were
213,000, 92,000 and 46,000 hectares respectively.

Table 69. Area, production and yield of wheat, and fertilizer use — Uruguay.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield 2 kg/arable hectare
change {1000 ha) (1000 tons) (kg/ha) N P,05 K,0 Total
1948-52 526 469 ag0 0.2 0.7 0.1 1.0
1962=66 41 442 1,075 4.2 9.1 2.0 15. 3
Iner. (+) or - 115 - 27 + 185 + 4.0 + 8.4 + 1.9 + 14.3
deer. (=)

There has been considerable annual variation in Uruguay's wheat area during the past two decades
(from 354,000 in 1963 to over 700,000 in 1952-56). The general trend, however, shows a decreasing ten—
dency as indicated by the data given above, smo that in spite of an increase (21%) in hectare yields
the production has tended to decrease. In 1966 the production, 329,000 tone, corresponded to 120 ki-
lograms per capita which was third highest in South America.

A fourteenfold increase in fertiliger use, aven though it is still enly 15 kg/ha, raised Uruguay
to fourth place as a fertiliszer consumer in South America. Most of the consumption consists of phos=
phates some of which is produced within the country. In 1962-66 the production of phoaphate fertili-
zers equalled 20 to 40 percent (av. 28%) of consumption.

Wheat production in Uruguay is similar to that in the adjacent areas in Argentina.

42. Venemela
Maize and rice are the principal cereals of Venezuela and wheat

was grown there om only 3,000
(1ess than 0.1%) out of the 5.2 million arable hectares.

Wheat cultivation area as well as the pro-



duction have been decreasing and in 1962-66 were only one fifth of that in 1948-52. Only 0.1 kilogram
of wheat per capita was produced in 1966,

Table T0. Area, production and yield of wheat, and fertilizer uese — Venezuela

Feriods Wheat Weat Aver. nat. Use of fertiliszers
and area production yield _ kg/arable hectare _
change {1000 ha) {1000 tons) | (kg/ha) N FEﬁs HEG Total
1948-52 10 5 520 0.3 0.1 0.2 0.6
1962-66 'y 1 535 4.1 1.4 1.5 T.0
Incr. {(+) o -8 o | + 15 + 3.8 + 1.3 + 1.3 + 6.4
decr. (=)

The wheat yields harvested in Venezuela are very low and only a slight increase during the last
two decades can be noted. The level of fertilizer consumption is somewhat below the South American
average. Over a half of the consumption consists of nitrogenous fertilizers. Most of the nitrogenous
and phosphate fertilizer consumption in Venezuela ie met by its own production but all potash fertili-
zers have to be imported.

Most of the wheat produced in Venezuela is grown at high altitudes in the weatern part of the
country.

IV. e. Asia

In 1948-52 Asia contributed to about 21.7 percent and in 1962-66 21.5 percent of the world's to—
tal wheat production. Ewen though rice is the principal cereal crop in many Asimn countries, especial-
ly in the humid tropics and subiropics, about 62 million hectares (approximately 25 million in Mainland
China and 37 million in other countries) or 14 percent of the arable land arsa wers undsr wheat in 19566,
About 90 percent of Asia's total wheat production took place in five countries: Mainland China (27.7
million tons); India {10.4); Turkey (9.7), Pakistan (3.9) and Iran (3.2). The average production of
wheat per capita was about 30 kilograms or about one third of the world average.

43. Afghanistan

The main cereal of Afghanistan is wheat the production of which in 1966, for example, contributed
to about 59 percent of the total cereal production of the country. Wheat was grown on over 2.3 million
hectares or on about 26 percent of Afghanietan's nine million arable hectares and its proeduction,
2,033,000 metric tons, corresponded to 127 kilograms per capita, which after Turkey is the highest fi-
gure in the whole of Asia.

Table 71. Wheat area, production and yield - Afghanistan.

Periods Wheat Wheat Aver. nat.
and area production yield
change {1000 ha) (1000 tons) (ke ha)
1948-52 2,000 1,700 850
1962-66 2,343 2,158 520
Incr. (+) - + 343 + 458 + 70
decr. (=) ¥




From 1948-52 to 1962-66 the wheat production of Afghanistan increased by 27 percent, two thirds
of which was a consequence of expansion in wheat cultivation area and one third due to increased yields.
The national wheat yield im close to the average yield harvested in Asim, exceeding it by only 20 kg/ha
during both pericds given above. Data of fertiliszer consumption were not available for the above periods
but it has been negligible, since still in 1360 was less than one kilogram per arable hectars uged
{Tamboli 1970).

Wheat is sown both in autumn (October-November) and in spring (March-April) and about one third
of it is grown under irrigation. High yielding Mexican wvarieties have been compared with loeal varie-
ties since 1963, and have shown an impressive performance not only in the plains under irrigation but
also to some extent in the uplands. In uplands, however, the level of yield and responme to fertili-
zer are lower and varietal differences are relatively small. Lerma Rojo &4 A was the first Mexican
variety recommended for Afghanistan, when the accelerated seed production started in 1966. Fertilizer
trials conducted on this variety gave good responses to nitrogen (Table 72).

Table T2. HResponse of Autumn-planted Lerma Rojo 64 A to different doses of nitrogen after basic PO
(60 kg/ha) fertilization (Tahir 1968) 2’s

Doses of N Grain Tield Increanss Reaponae Ratio
ke/ha kg/ha % kg grainfkg ¥
0 4,840 - .
10 5,368 11 17.6
60 5,818 20 16.3
50 6,145 27 14.5
120 6,363 21 12.7

The response to nitrogen was appreciable in all trials while that to phosphorus and potash varied
with localities. Por obtaining a yield of about 5000 kg/ha, 80 kg N and €0 kg P.0_. are recommended
for soils of above-average fertility and 120 + 120 kg for soils below-average fo?‘i?litr.

In 1967-68 about 20,000 hectares, planted with Mexican seed, gave very good yields and in 1968-69
the Mexican varieties were planned to cover about 100,000 hectares. The estimated yields of irrigated
wheat for 1975 and 1985 given in the IWP Provisional Study were 2000 and 2700 kg/ha respectively, with
average applications of B0 and 120 kg N/ha and 40 and 80 kg P.O_/ha respectively. Tahir (1968) when
revising the INP Study estimated the respective yields to be i:5h13h as 2500 and 3000 kg/ha on the ba-
pis of the good results obtained from the Mexican varieties.

During 1968;"69 nearly 200 fertilizer trials on wheat were conducted under the FAC Project om Soil
Fertility and Fertilizer Use, both under irrigated and dryland conditions. The results were summari=

ged by Tamboli (1969) as follows:

Under irrigation, fertiliszer treatments 150 kg N and 150 kg P.0./ha gave the highest yielde in
seven provinces: Lagman (3197 kg/ha), Nangarhar (3304), Kabul [5425}? Kapisa and Parwan (4180), Logar
(4769) and Maidan (4900). In the Lagman and Nangarhar Provinces treatments with 75 kg N and 75 kg
Pgﬂqfhlp fave maximum economic returnm. For every 100 Afganis invested, a farmer would get a net profit of 235
and 248 AMfganis, respectively. In the other five provinces the maximum economic return, varying from

104 to 407 Afs. per 100 Afs. invested, was obtained with 150 kg N + 150 kg P.O_ treatment. In the

case of dryland wheat the highest yield of 1143 kg/ha was cbtained by lpplicit?on of 75 kg N and 75 kg
Pzﬁﬁfhn, and for every Afs. invested a net return of 193 Afs was obtained.

44, DBurma

Very little wheat was grown in Burma two decades age. In 1948-52 the 14,000 hectares under wheat
comprised only about 0.01 percent of the arable land. In 1962 the wheat area was 16,000 hectares but
since then its sxpansion was very rapid and in 1966 wheat already occupied 152,000 hectares exceeding
for the first time the area of millet and maize, 145,000 and 143,000 hectares respectively, in the
same year. Even then the wheat area was only 0.9 percent of the arable land while the only important
cersal of Burma, rice, covered 4.5 million hectares or 28 percent of the arable land.



Table T73. Area, production and yield of wheat, and fertiliger use - Burma.

Feriods Wheat Wheat Aver. nat. Use of fertilizers

and araa Production yield kg/arable hectare
change (1000 ha) | (1000 tons) (kg/ha) "“T"*“*?'RFZ 5 K0 Total
1948-52 14 4 250 0.0 0.0 i 0.0
1962-66 87 55 635 0.3 0.1 - 0.4
Iner. (+) 4F + 71 + 51 + 345 + 0.3 + 0.1 - + 0.4

decr. (=)

The increase of wheat production was twice as great as the increase in area because of a more
than twofold increase in hectare yields. However, due to low yields, the 1966 wheat production per
capita of four kilograms, was still one of the lowest in Asia. Up to the end of tie last decade practi-
cally no fertilizers were used and even since then their consumption has remained at an insignificant
level.

45, China, Mainland

During the last two decades Mainland China has been the world's third greatest producer of wheat
{after USSR and USA), with an average annual production ocutput of some 16 million tons in 1948-52 and
24 million tons in 1962-66. WNo recent data of most erops were available. However, in 1952-56 wheat
was second to rice as a food crop. The areas of the main crops were: rice about 30, wheat 21, barley
11, maize 10 and millet and sorghum together 28 million hectares. In 1966 about one fourth of the a-
rable land was under wheat the production was 25.7 million tons, but corresponded only to about 13 ki-
lograms per capita because of the huge population of T80 millions. Sears (1969) estimates the wheat
production in 1968 for 21 million tons from an area of 24.5 million hectares.

Wheat ims grown in all parts of China even though its cultivation is mainly concentrated in nor-
thern China above the east-west line between the Hwang Ho and Yangtze rivers. South of this line rice
is the dominating crop. The main wheat produsing provinces are Honan, Shenei, Shantung, Hopei, Kiangeu,
Shanei, Anhwei, Hupei and Szechwan, while the highest yields are obtained in Szechwan, Kweichow, Kian-
gou, Hupei and Yunnan provinces (Reitz 1967).

From the Tsingling Mountains northwards to the Creat Wall, winter wheat predominates; beyond the
Great Wall, in the North China Plain, and extending into Manchurian Plain, spring wheat is the main
crops Both spring and winter wheatsof the northern regions are mostly of fairly hard texture and of mo—
derately good quality for making bread and noodles, while the winter wheats of the south are soft and
of lower quality (Peterson 1965).

A coneiderable effort is being made in China to increase the yield of wheat by traditional means
and to extend the cultivation area. Routine expansion has met with many difficulties and failures.
Some probleme are soil salinity and poor drainage in irrigated areas and seil blowing and drought in
rainfed areas. Inadequate management and unsatisfactory plant types have alsc impeded progress. Mo—
derate success has been reported in variety improvement, insect, smut and rust control (including use
of chemicals), and utilization of organic fertilizers. The use of chemical fertiliszers has shown less
progress (Nash and Tien - Hei Cheng 1965, ref. Reitz 1967). No data of fertilizer consumption nor
production were available.

A general picture of the response of wheat to fertilizers in Mainland China can be obtained from
the results of the 108 experiments reported by Richardson (1952).. In these experiments when standard
rates of nutriente (50 kg of N, P,O. or K,0 per hectare) were applied, the overall means of yield in—
creasea were 370, 150 and 15 I:g"lli gomlpnnding to response ratios of 6.2, 2.5 and 0.3 for the three
nutrients respectively. The response, however, varied considerably with soils. In Table 74 the re—
sults are given when the soils were roughly divided into two main classes of pedocals or calcium moils
and pedalfers or leached acils.

Both, yields and fertilizer responses were higher on leached than on calcium soils, Limitation
of growth by lack of moisture was probably the cause of the difference, but concerning phosphate and
potash also the status of these nutrients was lower in the leached soils.



Table 74. Yields and responses (in parentheses) of wheat in 108 fertilizer trials in Mainland China.
Soil No. of Mean yield Yield inecrease (kg/ha) and response ratios due
experiments ll:g/%a _to 60 kg/ha application of:
N F'El:ls KE‘D
Caleium 46 1,530 255 105 - 15
soils (4.2) (1.8) (- 0.3)
Leached 62 1,605 450 165 20
soils (7.5) {2.8) { 0.3)

Calcium soils occur chiefly in the wheat region of northern China which has a relatively dry cli=
mate while leached scils occur mainly in the rice region of central and southern China where the rain-
fall ie higher.

46. China, Taiwan

In 1966 about 93 percent of Taiwan's arable area was under cereal crops, 94 percent of which was
growing rice, 2.6 maize and only 1.7 wheat. There has been only relatively small changes in the annual
wheat area during the past two decades but because of the twofold increase in national wheat yield the

production was more than doubled.

Table 75. Area, production and yield of wheat,and fertilizer use — Taiwan.
Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg/arable hectare
change (1000 ha) (1000 tons) (kg/ha) W 2% > Total
1948-52 14 13 960 61 29 8 98
1962-66 14 27 1,930 150 9 45 234
Iner. (4) +0 + 14 + 970 + B9 +10 | +37 + 136
desr. (=)

In spite of the high yields, third highest in Asia in 1966, the wheat production is only a lit=
tle over two kilograms per capita being one of the lowest in the region. Therefore,the bulk of wheat
consumed in Taiwan is imported. The estimates for Taiwan's wheat imports for 1968 and 1969 were
449,000 and 575,000 tons respectively (Goode 1970).

An essential reason for the considerable increase in hectare yields is undoubtedly the increased
consumption of fertilizers. In 1966 Taiwan was, after Japan, the second highest consumer of fertilizers
in Aeia and ninth in the whole world. Over 60 percent of the nutrients given in commercial fertilizera
consist of nitrogen. Relatively the incremse has been highest in potash and lowest in phosphate ferti-
lizers.

In the early nineteen-fifties only one fifth of nitrogenous and two thirds of phosphate fertilizer
consumption were met by Taiwan's own fertilizer industry. Since 1962-64 the country has been self-
sufficient in these fertilizers but it still depends on imports of potash.

Stiff-strawed, short,rust-resistant wheats have been found to respond well to drespirgr of F0-120
kg N/ha, given in split applications at planting and just before tillering, while high nitrogen doses
can be harmful for tall or rust-susceptible varieties, because of luxuriant vegetative growth, lodging
and spread of rust, induced by high nitrogen supply (De Geus 1970). Wheat also responds well to phos—
phate fertilizers in various locations of Taiwan. The recommendations of phosphorus and potassium are
based on the moil reserves of these nutrients.



47. Cyprus

Wheat was grown in Cyprus on 61,000 hectares or on 14.1 percent of the arable land in 1966. Wheat
and barley are the only important cereals of the country and their production, 56,000 and 51,000 tona
respectively, constituted together over 99 percent of the total cereal production of Cyprus. The pro-
duction of wheat per capita, 93 kilograms, was about equal to the world average and over three times
as high as the Asian average.

Table 76. Area, production and yield of wheat, and fertiliger use - Cyprus.

Periods Wheat Wheat Aver. nat. Use of fertilizers

and area roduction yield kg/arable hectare

change {1000 ha) ?‘!GOO tons) (kg/ha) N P2°5 Kzﬂ Total

1948-52 5 48 640 3.2 9.0 0.2 12.4

1962-66 &5 65 1,000 19.9 16.9 4.3 41.1
Incr. (+) i - 10 + 17 + 160 + 16.7 | + 7.9 + 41 + 28.7
decr. (=)

In spite of the 13 percent decrease in wheat cultivation area from 1948-52 to 1962-66 the produc—
tion increased by 15 percent because of 56 percent increase in the average national yield. The most
important reason for the higher yields during the latter period is apparently the over threefold in—
crease in the use of fertilizers in Cyprus. The ratio between the three nutrients given in fertili-
gers has narrowed (Table 119, p.120) and the share of nitrogen has exceeded that of phosphate, the do—
minating nutrient twe decadea ago. Also the share of potash increased from lees than two to ten per—
cent of the total consumption of fertilizer nutrienta.

48. India

India, with a total land area of 327 million hectares (50% of which is arable) is, after China
(mainland), the greatest producer of wheat in Asia and seventh in the whole world. In 1966 12.6 mil=
licn hectares (7.5% of arable land) were under wheat, producing 10.7T million metric tons of wheat.
Ine to India's large population (498 millions), however, the wheat production per capita was only 21
kg which is less than one fourth of the world average. The national average yield (820 kilograms per
hectare) was somewhat less than the average in Asia (900 kg,-"ha.}. Wheat, which after rice is the most
important food crop in India, is grown principally in the northern, western and central parts of the
country. About ome fourth of the wheat fields are furnished with irrigation facilities.

Since possibilities of increasing the area under cultivation in India are very limited, the pro-
gressively growing population will have to be fed from practically the same area under cultivation at

present. This is possible only through increased yields.
Table 77. Area, production and yield of wheat, and fertilizer use — India.
Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg/arable hectare
change (1000 ha) | (1000 tons) {kg/ha) ] P, 5 K,0 Total
1948-52 9,290 6,087 660 0.4 0.1 0.0 0.5
1962-66 13,355 11,083 810 3.3 0.9 0.5 4.7
Iner. (+) +4,065 +4,996 + 170 + 2.9 | + 0.8 + 0.5 + 4.2
decr. {-]I o

The increase in production (B2%) from 1948-52 to 1962-66 is mainly (63%) due to the expansion of
wheat cultivation area on the expense of other crops and the remaining 37 percent due to an increase
in national yields.



It is generally agreed by Indian soil scientists that the factor which is most responsible for low
erop yieldsin India is the low fertility level of exhausted socils and the slight use of fertilizers.
The secils of India, as pointed out by several investigators, are deficient in organic matter and nitro—
£en in general, and phosphorus in localized areas but are usually rich in potassium. There is aleo evi-
dence that zinc deficiency might be fairly wide—spread in northern India (Nene at al. 1968, Sharma 1968).
Fertilizers provide the quickest means of increasing agricultural production in India (Panse and Khan-
na 1964). Lack of fertilizers, however, is a factor which limits this development and the demand for
fertilizera is rising rapidly. The production figures estimated for 1968-69 were 655,000 tons of N and
320,000 of P,0; while of the estimated consumption wae 1,200,000 tons of N, 450,000 tons of P,O_ and
180,000 tons D? K,0. By 197374 the estimated requirements will be 4.8 and 2.4 million tons EfEH and
P.0. respectively; exceeding sevenfold the present production figures., The food grain target for 1973/
'?3 ?l.nu been met at 130 million tons. If the response ratio is 15:1 for N used, 400,000 tons of additional
N would be required each year for food grains alone, if 10:1, 500,000 tons. (Sahai, ref. CINMYT 196G).
Great effort will be required to advance the fertiliszer supply to meet these needs.

The cultural practice of wheat in Indian agriculture usually involves fallow in the "kharif" sea-
son for soil moisture conservation and decreasing irrigation reguirements. Fallowing, however, does
not make full use of land resources. In most wheat areas of India the climatic conditions, however,
allew eropping of maize, jowar or bajra in the "kharif" season if sufficient water pupply and adequate
1eve% of fertilizers for the fallowing wheat crops in the "rabi" season are available {Prashar & Singh
1963). !

The high yielding dwarf wheat varieties were first introduced in 1962 under the FAQ Near East Wheat
and Barley Project in collaboration with the Rockefeller Foundation, and subsequently tested in all the
wheat growing states of India. Aware of the excellent performance of Mexican varieties about 2900 ha
were planted in 1965 with seed of two well-adapted dwarf varieties Lerma Rojo 644 and Soncra 64. In
1967-68 the high yielding varieties occupied over 18% of the total wheat area and contributed 358% of
the total wheat production. It is estimated that just under 4.4 million hectares were sown to high
yielding varieties in 1968. The remarkable rise in 1967=-59 in wheat production and average yield with
the advent of high yielding varieties, together with wider use of fertilizers and increased development

of ground water through tube-well drilling ie shown in Fig. 25.
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Figure 25. Total area, production and yield of wheat in India, 1957-69 (CIMMYT 1969).

All-India Coordinated Wheat Improvement Project has laid the basis for sound recommendations for
proper fertilieation, irrigation, seeding retes and dates and depths of planting.

Results of coordinated agronomic triale in India reported by Wright (1968) show the drastic diffe-
rences between the new dwarf and traditional tall Indian varieties in their agronomic characteristics,



neceseitating marked changes in cultural practices. There is often a reduction in plant population
when planting too deep, €.g. at 8 cm or more {l common practice with tall varieties) because some of
the plante do not emerge from the socil due to the short internodia of the dwarfe. In one experiment
the reduction was 15 percent when the depth was changed from 4 to 8 cem. It was also chsarved that
when the seeds are placed too deep in the soil, their emergence is in some instances delayed by as
much as four to five days. The deepseeded plots in 1967-68 showed also a greater tendency to lodge
than the shallow-seeded plots, probably due to poor root development (Wright 1968).

In the early experiments conducted in India, it was apparent that some of the dwarf varieties,
particularly Sonora 64 (a short-duration wrimS were planted at the wrong time. The results of com—
bined sowing date and fertilizer triale showed that for many dwarf varieties, particularly those of
short maturation, the best sowing date is considerably later than for the longer maturing tall varie—
ties. Sowing long-duration varieties too early often encourages greater vegetative growth and subse-—
quent leodging. Fragmentary evidence of greater response to increased levels of nitrogen and increased
seed rates at the early planting dates than at the late planting dates were aleso obtained.

Ine to their shortness in stature the dwarf variety can utilize higher rates of fertilizer with-
out premature lodging but are also at lower fTertilization levele superior to all varieties in effici-
ency of fertilizer utilization as can be seen from Figures 26 and 27 and Table T8.

Table 78. Response of Mexican and Indian wheat varieties to different rates of nitrogen. Grain
yields are given in kilograms per hectare (Sharma and Singh 1966) — (Average response
ratios, kg wheat/1 kg nitrogen, are given within parentheses).

Rates of nitrogen (kg/'ha) 0 45 90 135
Sonora 63 2,170 3,232 4,266 3,935
Sonora 64 2,372 3,565 4,585 4,165
Lerma Rojo 1,735 3,889 4,774 4,085
Average, Mexican varieties 2,092 3,562(32.7) 4,542(27.2) 4,062(14.8)
K.P. 876 . 1,590 2,736 2,797 2,412
¥.P. 887 1,617 2,605 2,444 1,019
C. 306 2,034 2,730 2,765 2,032
Average, Indian varieties 1,747 2,690(21.0) 2,569(10.2) 2,121(2.8)

Wright (1968} concluded that for dwarf wheats about 120 kg nitrogen per hectare will be very
close to the economic optimum for most soil and climatic conditions. (Under farm conditions the ma—
ximum profit point, however, might be nearer to 90 kg N/ha or even below). This level of nitrogen
;111 produce about 20 or more kilograms of grain for every kilogram of nitrogen added, which is a pro-

itable ratio.

The results of Sharma and Singh given in Table 78, show a decline in yields first after 90 kg/ha
level for Mexican varieties while the increase of nitrogen application from 45 to 90 kg/he no more
increased the yields of tall Indian varieties.

There is also a marked difference in the response of the two genotypes to phosphorus although
both benefit from phosphorus fertilisation. At Delhi and Pantnagar areas the optimum rates of PO
for & dwarf variety Sonolika and a tall variety NP 890 were 60 and 90 kg/ha and the yields 4970 and
3890 kg/he respectively (Rajat and Mohta 1968).

The results reported by Panse and Khanna (1964) concerning 1916 triale of irrigated and 518 trialeof
unirrigated wheat in various parts of the country give a good general picture of the average response
of Indian wheat varieties to fertilizers (Table 79).
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Table 79, Average increase of yield of wheat (kg/ha) obtained with M, P.O_, and K0 and their
combinations. All nutrients applied at 22.4 kg/ha (Panse and“K a l;ﬁd}. (Respones
ratios, kg wheat/1 kg fertilizer nutrient, are given in parentheses).

Treatments Irrigated Unirrigated Average
wheat wheat

Average yields of

untreated plots 1,300 920 L1
Average increase

in yield due to:
N alcne 370 (16.5) 260 (11.8) 315 {(14.1)
P " 230 (10.3) 130 ( 5.8)

K » 140 ( 6.3) 90 ( 4.0)

H+P 53 (11.8) 360 ( 8.0) 445 { 9.9)

N+K 440 ( 9.8) 290 ( 6.5)

P+K Mo { 7.8) 210 ( 4.7)
N+P+K 730 (10.9) 450 ( 7.3) 610 { 9.1)

The difference between the response of irrigated and unirrigated wheat is quite clear.

Both the

unfertilized yield and responses in dryland conditions correspond to about two thirds of those under

irrigation.
lowent.

In both cases the N, NP and NPK treatments gave the highest responses and ¥ and PK the
Also Abraham (1965) found that the reaponses of unirrigated wheat were about one third leas

than those under irrigation and in addition the response curves of unirrizated wheat showed preater

rates of diminishing return at high nitrogen application levels.

the effect of timing of irrigmtion on the wheat yields,

The response of potash varies consmiderably with ascils.

The results given in Fig. 28 show

In 336 trials (Raheja ot al. 1970) the

highest response ratios (5.2-7.0) for irrigated wheat was found on Alluvial moils and lowest (2,5-5.0)



on Desert soils. For unirrigated wheat the corresponding response ratice were 5.4<7.4 on Sub=Montane
soils and 1.0-1.3 on Deep black soils. Prasad and Mahapatra (1970) reported net profits from Rs. 12
on Sub-Montane soils to Re. 218 on Red and Yellow soils to an application of 30 kg 120 per hectare.
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Figure 28, Yield of dwarf wheats as affected by timing of first irrigation (Wright 1968).
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Forms of fertilizers have certain effects on responses. When comparing different nitrogenous fer-
tilizers, Panse and Khanna (1964) draw the conclusion that the new fertilizers being manufactured or
proposed to be manufactured in India are generally more effective than ammonium sulphate, with which
the Indian farmer is most familiar. In particular, ammonium sulphate nitrate was found to be most re-
sponeive on several crops.

Chandnani (1954) obtained increased yields with farmyard manure only when applied in large quan-
tities, the optimum dose being 25-37 tons per hectare or about 110 H‘.i'hp. applied 7=8 weeks before sowing.
Green manuring gave 20 to 40 percent increase depending on soil conditions and was the cheapest source
of nitrogen for wheat. Ammonium sulphate, ammonium nitrate, Chilean nitrate and urea all proved to be
good carriers of nitrogen. Urea, however, showed slightly lower trends. In general, the presence of
sufficient dosee of phosphorus increased the efficiency of nitrogen.

Aleo in Oautam's (1961) experiments 43 percent higher yields were obtained with ammonium sulphate
than with farm compost on equal nitrogen dose basie.

The results of Mehrotra (1966) indicate that there is hardly any difference in the responsiveness
of rock phosphate in comparison to superphosphate under the upland soil conditions of Cangetic allu-
vial soils. Thus, the finely ground rock phosphate could very safely supplement the supply of super—
phosphate in meeting the total requirements of phosphate fertilizer for the upland ecils of Uttar Fra-
desh. Saoclapurkar et al. (1968), however, state that although rock phosphate is as effective as super-
phosphate on some acid paddy soils and for plantation cropes like tea, coffee and rubber, it is not an
effective source of P for most cereals.

In trials of wheat, nitrophosphate was more effective than single superphosphate in the case of
red and yellow soils but in all other soils single superphosphate was either equal to or better than
nitrophosphate (Raychaudhuri 1965).

Due to the quick and spectacular effect of nitrogen in increasing crop yields, the emphasie in
fertilizer use hae been mainly on nitrogen use. Use of phosphate and potash has received comparative-—
ly less attention in the agricultural development programmes. Because of thie, local depletions of
poil fertility have been noticed and recently several authors have pointed out the importance of re-
gearch in increasing agricultural production and soil productivity through balanced fertilisation.
(Anonymous 1970, Prasad and Mahapatra 1970, Raheja et al. 1970, Ramamoorthy and Bajaj 1970).



49. Iran

Wheat is the main crop in Iran where it was produced on 4.2 million out of Iran's 11.6 million
arable hectares in 1966. The share of wheat mrea of the arable land, 36 percent, was higher than that
in any other country of the world. The corresponding percentage for barley and rice, the next impor=
tant cereals of Iran, were 10 and } percent respectively. Wheat preduction per capita, 125 kilograms,
was third highest in Asia.

Table 80. Area, production and yield of wheat,and fertilizer use - Iran.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg/arable hectare
change (1000 ha) (1000 tons) (ke/ha) i P,0s K0 Total
1948-52 2,085 1,879 900 0.0 - 0.0 0.0
1962-66 3,980 2,898 T30 1.6 1.1 0.2 2.9
Iner. (+) i + 1,895 + 1,019 - 170 + 1.6 (+ 1.1) + 0.2 {+ 2.9)
decr. (=)

Between the five-year periods given above the area of wheat cultivation almoat doubled. Because
of a mimultanecus 19 percent decrease in average wheat yields,the wheat production, however, was inc-
reased only by 54 percent. This ie apparently due to taking more marginal scils under cultivation.

The use of commercial fertilizers was still practically unknown to Iranian farmers in the nine-
teen-fifties, but from the beginning of the last decade their consumpiion began to increase. In 1966
4.0 kilograme per arable hectare wers used, two thirde of which consisted of nitrogen.

Wheat im one of the major parts of the Iranian peasant's diet and alsoc cne of the most secure
cropa that can be grown under the dry climate characteristic of the country. Nommally it is grown in
rotation with fallow but, depending on the availability of water, it may be rotated with other crops
like 0il seeds or legumes. Wheat can be grown year after year under irrigated conditions or, as is
often practiced, it can be grown once in every two to seven years depending on the availability of ir-
rigation water (Dewan and Famouri 1964).

According to "Agricultural Statistics 1339", corresponding to years 1960-61 (ref. Dewan and Fa-
mouri 1964) winter wheat was grown on about 85 percent and spring wheat on 15 percent of the total
wheat area of Iran. The yields of winter wheat wers over 80 percent higher than those of spring wheat
in drylard farming and over 10 percent higher under irrigated conditions. The average yields of irri-

ted winter wheat {1245 kg/ha) and spring wheat (945 kg/ha) exceeded those under dryland conditions
?;55 and 360 kg/ha respectively) by factors 2.1 and 2.6 . Somewhat less than one third of the wheat
area was irrigated in 1960=61 and at the end of the latter five-year period given above, the irrigated
wheat area consisted of about 1.4 million hectares (Tahir 1968). Some 300,000 hectares wheat land
was in areas receiving over 500 mm rainfall, about 2 million hectares in 350-500 mm precipitation areas
and 300,000 hectares received less than 350 mm rain. The yields in the last two areas menticned are
normally about 500 and 300-400 kg/ha respectively and expansion of wheat in these arid areas may be
partly responsible for the decrease in average national yield.

The best practices for dryland wheat production will not be the same in all areas of Iran. Until
results of experiments on best cultural practices in Iranian conditions become available, Olson {1968)
recommends growing wheat continuously or with infregquent fallow in large areas of western Iran recei-
ving an average of more than 500 mm precipitation per year. For continuous wheat, it ia then necessa-
ry that the first tillage be given immediately after harvest.

Under conditions of low precipitation, the principal means of conserving moisture is through fal-
low. However, fallowing practices presently used by most farmers in Iran do not include early ploughing
and therefore cause wastage of much moisture and increase wecd populations. Therefore, it is recommen-
ded that farmers should bhe encouraged to control weeds on fallow land.

The high yielding Mexican and Colombian varieties {Pitic 62, MexiPak, Penjamo 62, Nairuni, Inia 66)
are well adapted to the Caspian sone and to Khuszistan (about 400,000 ha) and can yield 2-3 tona per
hectare under irrigation and pood farming conditions but without fertilizer. With 30 kg N and 45 kg
P.0_. fertilizer the yields obtained in demonstration plotes or at progressive farms have been 4 tons
pi‘x‘ﬁhm;t..ﬂ and with 120 kg N + 60 kg PEIDE;"hu. £ tons per hectare. An example of the responses of the



high vielding and local varieties to fartilizers is given in Table 81,

Table 81, Response of Mexican and local wheat varieties to nitrogen and phosphorus at Ahwaz,
Khuzistan in 1966=67 (Tahir 1968).

N+ PO, Grain yield, kg/ha
ke/ha Mexican var. Local war. Iner. over Local var.
0+ 0 2,850 2,250 £00
60 + 10 3,850 (11.1)+ 2,600 (3.9) 1,250
50 + £0 4,200 ( 9.0) 2,900 (4.1) 1,300

*) Pigures within parenthesis = response ratios (ke grninfkg fert. nutrient).

Under good Tarming conditions and application of 90 kg N and 45 kg PO /ha, an average yield of
3000 ke/ha can be anticipated in these two zones for 1975, and with 120 k& R + 60 kg P,0_/ha it might
be further inereased to 1500 kgﬂ"hl by 19385 . This would require introduction of resiftdnce to stripe
rust to which Mexican varieties are somewhat susceptible in this area. Because of very low winter tem—
perature the present Mexican varieties are not suitable for most of the irrigated and much of the as—
sured rainfall areas. Some of the newly developed local varieties give economic response to 60 kg N
and 30 kg PEG,thl in these areas (Tahir 1968).

An accelerated wheat production programme was initiated in 1967-68 under the Dezful Pilot Project
in Khuzistan through large scale planting of Mexican (mainly MexiPak) varieties. In 1968 about 1500
tons of Penjamo 52 seed was imported and 70 tons produced locally. This seed would cover 20,000 hec—
tares and local high yielding varieties about 630,000 hectares in 1968-£9. Total wheat area tc be
fertilized in 1968-69 with about 90 kg N and 45 kg PED /ha was estimated to be 50,000 hectares, which
come under an Impact Programme started that season. Tﬂiu programme is supposed to cover half a mil-
lion hectares of irrigated land and another half a million hectares of land in good rainfall areas
by 1972-73 (Tahir 1968).

50. Iraq

Two decades apo barley was the main cereal of Irag and its production exceeded that of wheat by
over 50 percent in spite of almest equal areas under the two crops. Since then the wheat area has been
increasing and in 1966 wheat occupied over 1.7 million hectares or 23 percent of the arable land while
the area under barley was somewhat leas than 1.2 million -hectares. The production of the two crops is
now at the same level, 826,000 and 832,000 tons respectively, contributing together 83 percent of the
total cereal production of Irag. Wheat production per capita (99 kg) was fifth highest in Asia.

Table 82. Area, production and yield of wheat, and fertilizer use — Iraq.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production vield kr/arable hectare _
change (1000 ha) {1000 tons) {xg/ha) N P205 K50 Total
1948=52 9136 448 480 0.0 - - (0.0)
1962-66 1,673 842 505 g ¥ 0.1 0.0 0.4
Iner. (+) or -+ T37 + 394 + 25 + 0.3 | (+0.1) (+ 0) (0.4)
decr. (=)

The BA percent increase in production from 1948-52 to 1962-66 was almost entirely (94%) due to a
79 percent increase in wheat cultivation area while the slight increase in average national yield con-
tributed only & percent to it. The average annual yields harvested in Irag are among the lowest in
dsia partly because of severe climatic conditions and partly because of poor secil and crop management,
ineluding insignificant fertilizer conmumption.



The main wheat regions of Iraq are the Northern Uplands and Lower Mesopotamian Flains where wheat
is grown in winter. The bulk of wheat is produced in the north where it depende essentially on rain-
fall. Fer example, because of an exceptionally high precipitation in 1956 the wheat production in Nor—
thern Irag was 780,000 tons, while in two previous years of lower rainfall it had been only 213,000
and 520,000 tons respectively (Buringh 1960).

The traditional cropping system on farms growing winter grains is: one year wheat or barley fol=
lowed by one uncropped year, "idle" or fallow. During the idle year the soil is not ploughed nor til=

led while fallowing includes these.

The region of Lower Mesopotamian Flains has an arid climate and profitable cultivation is only
possible if the socils are irrigated.

High yielding Mexican varieties can be profitably grown only in irrigated areas, about half & mil-
lion hectares, or in areas where the rainfall exceeds 500 mm, some 175,000 hectares (Tahir 1968). In
gome irrigated areas thereis the problem of salinity, requiring urgent remedial measures. Out of the
remaining wheat area about a quarter of a million hectares have a rainfall of 400-500 mm and the rest
lesa than 400 mm. In large parts of the wheat areas in the north, with less than 400 mm rainfall, the
land could be better utilized for livestock production. A rotation of wheat followed by 3=4 yvears pas-
ture will help in restoring soil fertility and in accumulating organic matter in the soil. Tahir has
summarized the results of variety trials conducted between 1965 and 1968 (Table 831).

Table 83, Yields of MexiPak and local varieties in different growing conditions in Irag.

Variety Under irrigation Under irrigation Under dry faming
with fertilizer without fertilizer without fertiliser
(B0 kg N + &0 kg
P205

MexiPak 3440 kg/ha - 990 kg/ha

Looal 2570 kg/ha 1680 kg/he 690 kg/ha

Benefit cost ratic was B.0 for MexiPak and 5.9 for local variety when both were similarly irri-
gated and fertilized.

When the Government of Irag first cbtained five tons of seed of MexiPak for further multiplica-
tion and also for distribution to progressive farmers, the results were so outstanding that the farmers
who received the seed on loan refused to give back the seeds to the Government (Hafiz 1968), In addi-
tion to local multiplication of Mexican seed, Irag has imported BOO tons of MexiPak seed from Pakistan.
This would cover 10000 hectares of wheat area in 1968-69.

According to the plan of the Government, 300,000 hectares of irrigated and 150,000 hectares of
rainfed (over 500 mm rainfall) would be covered by Mexican varieties by 1970=T1, This would regquire
16,000 tons of N and 18,000 tons of P,0.. The remaining 200,000 hectares of irrigated area and some
275,000 hectaree under sufficient raifnfdll would be covered by 1975 (Tahir 1968).

According to the Provisional IWP Report the average yield of irrigated wheat (900 kp/ha) would
be 1,500 and 2,500 kg/ha for 1975 and 1985 respectively. This naturally provides that fertilizer re-
gquirements shown by the triale and measures of salinity control will be met.

51. JIsrasl

Wheat is the main cereal erop grown in Israel, where it occupied 76,000 hectares or 15 percent of
the arable land and S8 percent of the cereal area in 1966. During the same year barley, the second
most important cereal of the country, was grown on 49,000 hectares. Isrmel's wheat product:en, 07,000
tons, corresponded to 38 kilograme per capita while its consumption as food was about three times as
high or 100 kilograms per capita in terms of flour (Int. Wheat Council 1968).



Table 84. Area, production and yield of wheat, and fertilizer use — Israel.

Perioda Wheat Wheat Aver. nat. Dae of fertilizers
and area roduction yield kg,a’mhle_hentnre _
change {1000 ha) fionn tons) (keg/ha) N P05 K,0 Total
1948-52 15 23 6870 15 17 4 16
1962-66 61 97 1,590 56 27 8 g1
Tnor. (+) i + 26 + T4 + 920 + 41 + 10 + 4 + 55
decr. (=)

In 1962-66 more than four times as much wheat was produced as in 1948-52. About 15 percent of
the increase was due to T4 percent increase in the wheat area but considerably more than that, or 65
percent of the increase, was contributed by the 137 percent increase in the average national wheat
¥ield. In respect to highest yields this increase raised Israel from fifteenth to fifth place among
Asian countries.

Much of the yield increase can be attributed to the 150 percent increase in fertilizer consump-—
tion consisting mostly of nitrogenous fertilizers. In 1948-52 Ierael imported over 60 percent of the
nitrogenous, about 45 percent of the phosphate and all of the potash fertilizers consumed in the coun-
try. In 1962-66 it was self-sufficient in nitrogenous fertilizers, produced 48 percent over its own
consumption of phosphates and about 65 times as much potash fertilizers as it used itself, being the
only noteworthy potash producer in Asia.

In the southern region of Israel as well as in other arid regions, wheat and other field crops
are often badly damaged or even completely desiccated due to a prolenged drought in the middle of the
rainy season. Therefore, the results reported by Ieraeli scientists (Plaut and Halevy 1966) on the
subject of regeneration of wheat plants after wilting as affected by growth regulators are mentioned
here. It was found that growth regulators (CCC or B-995) had no effect on yield when wheat plants
had been subjected to wilting for one day. With plants exposed to two droughts each causing wilting
for 5-6 days, both compounds.greatly increased grain and dry matter yields compared with untreated
plants. This was attributed to the increased ability of the plants to regererate shoots when watered
after wilting. Wilting for 10-12 days killed all the plants irrespective of prier treatment. The
authors felt that their results may be of practical impertance in arid regions.

52. Japan

Rice is by far the moat important crop in Japan where it was grown on about 3.3 million hectares
in 1966. Wheat ranks second, but the acreage was only 421,000 hectares corresponding to 10 percent
of the cereal area and 7 percent of the total arable land. Somewhat less land (338,000 ha) was under
barley. As a wheat producer Japan ranked eixth in Asia with its production of over one million tonas,
but because of its high population only 10 kilograms of wheat per capita was produced in 1966. Rice
being the main food crop the consumption of wheat as food is as low as 31 kilograms per capita in terms
of flour (Int. Wheat Council 1968) but this is still high enough to make Japan a considerable wheat
importer. In 1949 4.3 million tons wheat was imported about 52 percent of which came from the United
States (Jean 1970).

Table 85. Area, production and yield of wheat,and fertilizer use - Japan.

Periods HWheat Wheat Aver. nat. Use of fertiliszers
and ATea production yield _ Iigla’aﬂbla hectare
change {1000 ha) (1000 tons) (kg/ha) N P05 K,0 Total
1948-52 745 1,375 1,850 64 a7 23 124
1962-66 526 1,180 2,245 126 88 99 313
Tners (+) - - 219 - 195 + 395 + 62 + 51 + 76 + 189
decr. (=)




From 1948-52 to 1962-66 the annual vheat cultivation area decreased by 29 percent and wvheat
production by 14 percent. A similar trend geems to continue since in the end of the latter period
{1966) the area was only 421,000 ha and production 1,024,000 tons.

The hectare yields harvested in Japan are the highest in Asia. During 1962-66 the national yields
varied from 2430 to 2700 kg/ha with the exception of the year 1963 when the yield was as low as 1230
kilograms per hectare because of unfavoursble weather conditions. In spite of that the average yield
in 1962-66 was 21 percent higher than that in 1948-52. The over 150 percent increase in fertilizer
use is likely to be the most important reason for the yield incrzase. Tokunaga (1968) drav a similar
conclusion vhen analysing the factors contributing to the wvheat yield increase during the past decade.
About two-thirds of the increase was attributed to the improvement of fertilization and cultural
techniques and one third to improved wheat varieties. Because farmers' cultural techniques for
wheat had not made any remarkable progress except im labour saving, the effect of fertilizers wvas
considered as the greatest contribution to the increase in vheat production. Japan's consumption
of fertilizers per arable hectare was highest in Asia and sixth highest in the world. She is self-
sufficient in phosphates and produces twice its own requirements of nitrogenous Ffertilizers.

Depending on climatic conditions three types of eropping upland erops have been practiced in Ja-
pan; s8ingle cropping & year, three croppings in two years and two croppings a year. Under theme ty=
pes of cropping wheat, barley, rice, potatoes and legumes are grown as main crops and maize is also
cultivated as & forape crop. The highest yields ere produced in the Kantofosan region and inm the Pa=
cifiec area of the Tohoku region because of favourable weather conditions. The percentare of wheat
area of the cultivated land is higher 4in Kanto-Tosan than in other repions and two croppinge a vear,
often wheat and upland rice {or proundnut), are carried out.

If the upland scils are roughly divided into volcanic msh moils and non-veleanic ash soils (main-
ly mineral soils), the former soils are occupying about TO percent (prevalent in the Hokkaido, Kanto-
Tosan and Kyushu resions) and the latter about #5 percent (prevalent in Tokai region) of the upland
fields. The response of wheat to nitrogen is lower in the voleenie ash soils, than in the mineral soils.
The volecanic ash soils have a low content of available phosphorus. Therefore, there is & considerable
difference in the response of wheat to phosphorus between the twe groups of soile, an example of which
is given in Table 86,

Takle B6. Response of wheat to phosphate fertilizer on & voleanic ash moil in Negano prefecture and ona
mineral soil in Aichf prefecture (Tokunapa 1968).

PO VYoleanie ash soil Mineral soil
lﬁﬂii éd Yield Responae Yield ~ Response
ke/ha ke/ha ratin kg/ha ratio
ke r,r.n.infkn PED:_‘ kg grai n,-"ltg F‘?DS
0 check ) 1150 - 5470 -

50 3370 40,4 5410 - 0.8
100 1860 25.1 5520 2.0
150 4740 22.6 5790 2.1
200 AR50 17.7 5640 0.9
00 5080 12.4 5450 =01
400 53310 10,0 5720 0.6

Even if the exarpler riven above represent extreme conditions, it is apparent that the differences
in the phoaphorus requirement of varioue moile are of essential importance. Compound fertilizers are

increasingly used and especially for voleanie ash soils fertilizers of high phosphorus content are re—
commended.

In some Japanese moils, especially in the northern districts, wheat was sufferings from copper
deficiency. Since this was discovered in 1957, and responme te copper sulphate recopniged, the pro—
blem has larrely been overcome (Tokunapn 196-35.



53. Jordan

Wheat is the principal cereal crop in Jordan where it was grown on 214,000 hectares in 1966 co-

vering 75 percent of the cereal ares and 19 percent of the total arable land.
tons, corresponded to 5C kilograms of wheat per capita.

Table 87. Ares, production and yield of wheat, and fertilizer use = Jordan.

The production, 101,000
Half of the domestic requirement ie imported.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield k;flrnble hectare =
change {1000 ha) (1000 tons) (kg/ra) ] P205 K0 Total
1948-52 182 128 700 0.4 0.1 - {0.5)
1962=566 256 172 670 1.0 1.0 1.5 1.7
Incr. (+) o + 74 + 44 - 30 + 0.8 + 0.9 {+1.5) | (+3.2)
decr. (=)

The comparison of the averages of two five-vear periods given above shows over 40 percent increase
in wheat area, 34 percent in production and a slight decrease in hectare yields. In Jordan, more than
in most countries, wheat cultivation has been a subject of wide annual variation because of variation
in annual rainfall ranging between 250 and 600 mm. For example, in two successive vears, 1963 and 1964,
the Tigures for wheat area were 206,000 and 297,000 hectares, yields 370 and 990 kg/ha and production
76,000 and 297,000 tons respectively. The precipitation decreases sharply towards the rocky desert
areas in the eastern part of the country as well as from north to south. Most of the wheat is grown
under rainfed conditione and about one fifth in areas of lesa than 300 mm average rainfall. In general,
the hectare yields have been low and only relatively insignificant amounts of fertilizers have been
used. No fertilizers are produced.

A recently released local variety, Deir Alla-1 hae vielded 3000-3500 kg/ha in triale under irri-
gation and 2000=3000 kgfh‘ under good rainfall and fertilization. Some Mexican varieties have also
given satisfactory results in better areas. Average yields could be raised to 1100 and 1500 kgﬁht for
1975 and 1985, respectively in view of the fact that modern moisture conservation technigques are being
developed by UNDP/SF and also better varieties have become available (Tahir 1968),

54. Korea, North

Wheat is of relatively little importance in North Korean agriculture. In 1965 it was grown on
only 160,000 hectares or & percent of the cereal area while maige and rice, the principal cereals,
occupied some 820,000 and 700,000 hectares respectively. About seven kilograms of wheat per capita
wan produced, The area under wheat in 1948-57 wae about the pame (162,000 ha) as in 1964-65 (160,000
ha) but production fell from 104,000 to 85,000 tons because of the decrease in national wheat yields
from 540 to 510 kilograms per hectare. No data of fertilizer consumption were available.

59. Korea, Republic of

Cereals play a dominating role in South Korean agriculture, rice and barley being the principal
crops. In 1966 about 153,000 hectares or six percent of the cereal area was occupied by wheat, the
third important crop of the country, the production of which was 115,000 tons or 1l kilograms per in-
habitant.

From 1948=52 to 1962-66 the production of wheat was more than doubled. About 60 percent of the
increase was due to expansion in wheat cultivation area and the rest, 40 percent, due to a 15 percent
increage in the average national wheat yield. During the latter period the second highest wheat yields
in Asia were harvested in South Korea where aleo the third highest amounts of fertilizers were used
per arable hectare. Over one half of the nutrients given in commercial fertilizers in 1966 consists



Table 88. Area, production and yield of wheat, and fertilizer use - South Korea.

Perioda Wheat Fheat Aver. nat. Use of farti.izers
and area roduction yield kg/arable hectare
change {1000 ha) fmuu tons) (kg/ha) ] Pzﬂﬁ K,0 Total
1948-52 95 139 1460 32 1 2 45
1962-66 144 284 1970 aa 50 17 155
Iner. (+) s + 49 + 145 + 510 + 56 + 19 + 15 + 110
deer. (=)

of nitrogen, which is the only nutrient produced in the country on & large scale. Tts production met
about one third of the consumption. Phosphate production, 1700 tons, corresponds to less than two per—
cent of coneumption.

Wheat is generally grown as an upland erop in conditions where irrigation facilities usually do
not exist. The yields of wheat without fertilizer are almost twice as high in the central and south-
ern part of the country &% in the north, but are subject to more annual variation than in the north.
In spite of the differences in wheat yield levels the response of wheat to fertilizers does not appear
to be affected by the location of fields as indicated by the results of trials carried out by FAQ/UNDP
projects. As shown in Table 89 average yield increases of 1660-1940 kg/ha were obtained with 100-130
kg N/ha correaponding to about 2007 in the northern and 100% in the central and southern regions.

Table 89. Average regional wheat yields (kg/ha) at different nitrogen application levels and response
ratios (kg grain/kg M) in 1964-65 —=1968-69 field trials in South Korea (FAO 1970, b).

Applied N
Region (kg/ha) 0 70 100 130
Yield 860 2,360 2,600 2,620
ot Response ratio - IIE'T.‘.'t : 17.4 '13.5
Yield 1,700 3,030 3,160 3,510
Gentre Reaponae ratio 2y .19.0 .16.6 III1:!..*53
kb Yield 1,840 3,400 3,650 3,780
Response ratio - 22.1 18.1 14.9

The optimum level of nitrogen application was somewhat lower (about 100 kg/ha) in the north than
in the other two regions (about 130 kg/ha). Phosphorus and potassium were most effective in the nor—
thern region.

Due to the interaction between the three nutrients, the highest net profits (40,000 - 56,000 W =
US$ 129 - 180 per hectare) were usually cbtained with combinations of 100 — 130 kg N, 75 - 100 kg quﬁ
and 60 - BO kg Iteﬂ' per hectare giving a value/cost ratic from about 4 to 6 (FAO 1970, b).

56. Lebanon

Wheat is the principal cereal crop in Lebanon where it was grown on 68,000 hectares in 1966 cove-
ring 76 percent of its cereal amcreage and 2} percent of the arable land., The production of 70,000
tons corresponded to 28 kilograms of wheat per capita. Wheat imports of Lebanon have ranged between
200,000 tons and 240,000 tons in recent years.



Table 90. Area, production and yield of wheat, and fertilizer use = Lebanon.

Periode Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg,.l"a.rnhlu hectare
change (1000 ha) (1000 tons) (kg /ha) ] P,0% K0 Total
1948-52 T0 51 T30 5 2 4 12
1962-66 68 64 945 13 22 T 62
Iner. [+) = -2 + 13 + 215 + 28 + 20 + 3 + 50
deer. (=)

Prom 1948-52 to 1962-656 the average national wheat yield increased by 29 percent. Thie increase
compensated for the small decrease in wheat area and brought the production up by 25 percent. Much
of thie can be attributed to the fivefold increase in fertilizer use, raising Lebanon up to fifth as
a fertilizer consumer in Asia. Over half of the nutrients given in fertilizers consist of nitrogen
while the share of potash is only 11 percent. Somewhat over half of the consumption of nitrogenous
fertilizers was met by home production in 1966 and only one half of the phoaphate preoduction was con-—
sumed within the country. Potash fertilizers are imported. About half of the wheat area is irrigated.
Hard (durum) wheat occupies about 45 percent of the area.

The results of the demonstrations with irrigated wheat in 1961=63 carried out by FAD (FAD 1966)
showed rood vield responses and economic returms to fertilizers. The most complete treatmente 560-50-30
and 40-40-0, gave the highest yields (3744 and 3005 kg/ha) and also the largest monetary returns ($126
.':‘.rd 101 per hectare, respectively) while the highest value/cost ratio (8.2) was obtained with 30 kg
H/ha alone.

With dryland wheat there were a number of treatments that showed economic returns. The best re—
sulte wers obtained in North Lebanon with the treatment 60=-60=0 which gave a yield increase of 1837
ke/ha (947), & net return of $131/ba and a value/cost ratioc of 5.1 . In Bekaa region the treatmert
£0=60=130 showed the largest vield increase, 1334 kg/ha (72%) and also the highest net return, $81,
and a vllut,ﬂ"nuﬂ ratio of 3.2.

Variety trials have shown that under irrigation some of the Mexican varieties give considerably
higher yields than local varieties (e.g. in the 1966=67 trials the best Mexican variety yielded 4100
kg/ha on the average while the yield of the best local variety was 2800 kg/ha). In areas of high raine=
fall the average yield of Mexican varieties was about 2000 k&i"}lt (Tahir 1968).

In a single trial on calcareocus soil in Bekaa an extremely high grain yield of Mexican wariety
Pitic 62 (9050 kg/ha) was reported by Fuehring (1969) indicating conmiderable potential for wheat
as an irrigated crop in the area. Application of nitrogen increased ylelds up to about 400 kg N/ha,
but mest economic returns (yields from 6000 to 8000 kg/ha) were obtained with about 300 kg ¥/ha.

In 1967-68 12 tone of seed of MexiPak and Indus 66 were imported and grown during 1967-68 on go-
vernment farms for multiplication. Ford/Rockefeller Foundations have established a wheat breeding
programme in Lebancn. Yield estimatione of soft wheat in 1975 are 3000, 1800 and 1000 kg/ha for irri-
gated, hi rainfall and low rainfall areas, respectively, and 3500, 2100 and 1200 kg/ha in 1985 (Ta-
hir 196-8??

57. Mongolia

Two decades ago wheat was a relatively unimportant crop in Mongolia where some 10,000 tonm were
produced on about 10,000 hectares in 1948-52. 1In 1952-56 the average annual production was still only
12,000 tons but since then a tremendous increase in wheat cultivation has taken place. During the
five—year pericd of 1962-56 the average area annually under wheat was 114,000 hectares and production
was 302,000 tons. In 1966 it was grown on 320,000 hectares or on nine percent of the 3,5 million hec=
tares of Mongolia's arable land area and the productiom, 325,000 tons, corresponded to 285 kilograms
of wheat per capita, which figure was second highest in Asia (after Turkey) and sixth highest in the
world.



The national wheat yields have been varying from about 900 to 1000 kilograms per hectare. No da—
ta on fertilization were available.

58. Mepal

Rice and maize are the principal crops of Nepal where they were grown on 45 and 19 percent of a-
rable land respectively in 1966, In the same year, wheat, the third important cereal, occcupisd 118,000
hectares or 5 percent of the arable area.

The wheat cultivation area has been relatively constant during the past two decades. For example,
the averages for the five-year period of 1948-52 and 1952-66 were 128,000 and 129,000 hectares respsc—
tively. However, because of about a 21 percent increase in hectare yields (from 910 to 1100 kg/ha)
the average annual production increased frem 117,000 to 142,000 tons. In 19486 the production was
147,000 tons corresponding to 14 kilograms per capita (FAO 1967a), but increased to 227,000 tons in
1969 (Parker 1970). In the latter vear about one third of the wheat area was nlanted to the new high
yielding varieties. Many farmers received free seed of Mexican varieties from the research station
near Katmandu. Wheat varieties popular in the middle hills include Lerma 52 and Pitie 62, while Lerma
Rojo and 5227 have done well in the Terai (Parker 1970). The consumotion of nitrogen fertilizer was
still in 1966 less than one half kg N per arable hectare. Mo data on other fertilizers were available.

59. Pakistan

In spite of the fact that rice ie the chief crop grown in Pakistan and ocoupies twice as larse an
area {10.5 million ha in 1966) as wheat (5.3 million ha) Pakistan is the fourth biggest wheat producer
in Asia. The area under wheat corresponded to 19 percent of the arable land and the production, 1.9
million tone, to 14 kilograme of wheat per capita.

Table 91. Area, production and yield of wheat, and fertilizer use - Pakistan.

Periods Wheat Wheat Aver. nat. I Use of fertilizers
and area production yield _ ke/arable hectarse _
change (1000 ha) (1000 tons) {kg/na) R 205 K0 Total
1948-52 4,218 1,685 870 0.2 - - {0.2)
1962-66 5,160 4,207 B1s 4.0 0.5 0.2 4.7
Iner. (+) + 942 + 522 - 55 + 1.8 {(+0.5) (+0.2) | (+ 4.5)
decr. (=)

The half a million ton (14%) increase in annual wheat production from the five year period of
194R=52 to 1962-66 is totally due to the expansion (22%) in wheat cultivation area, because of the si-
multanecus & percent decrease in hectare yields. One of the reasons for the unfavourable development
goncerning the yields is apparently the low lavel of fartilizer use, corresponding only to somewhat
mere than one third of the Asian average in 1962-66. During this oeriod, however, a clear increasing
trend can be noted mince from 1962 to 1966 the consumption of fertilizera was almost trebled including
increases from 2.3 to 6.1, 0.4 to 1.1 and 0.1 to 0.5 kilograms per arable hectare in the consumption
of N, P,O. and K_.0 respectively. Somewhat over one half of the consumption of nitrogenocus but less
than thies percefit of that of phosphate fertilizers were met by Pakistan's own fertiliger production
in 1966, All potash fertilizer has to be imported.

High yielding varieties were first introduced in Pakistan during 1964=65 when Mexican varieties
were tested in over 300 microplots. Lerma Rajo 64 and Penjamo 62 were found suitable for local con-
ditions and the following year 150 tons of seed were imported, multiplied into 17000 tons and during
196657 about 120,000 hectares were sown with this seed. Through further multiplication of the seed
of these two varieties and importing an additional 40,000 tons of seed of MexiPak 55 and Indus 66 from
Mexico, Pakistan was able to sow about 1,2 million hectares with seed of the high vielding varieties
in 1967-68. The farmers were supplied with fertilizers at subsidized rates, and a large number of



demonstration plots were laid cut. As a result of this accelerated programme the target of 5.4 million
ton production fixzed for 1968 was exceeded by 1.1 million tons, making the country almost self-suffici-
ent in its wheat requiremerts (Hafiz 1968). Tt is further estimated (CIMMYT 196%) that about 2.6 mil-
lion hectaras we-e under Mexican varieties in 1968-69 representing about 457 of the total area (54% of
irrigated and 18% of rainfed area) sown to wheat, and 65-T0% of the preduction,

Table 92, Estimated 1969 Pakistan wheat croo (CIMMYT 1969).
1
Item Irrirated Rainfed Total
Mexican Local Mexican Lorcal
Estimated area sown, mill. ha 2.1 2.0 0.3 1.3 5.9
Estimated aver. yield, ke/ha 2177 970 AT2 136 1275
Caleulated production, mill. tons 5.12 1.93 0.19 0.42 T.6

Mexi Pak 65, Indus 66 and Peniamo 62 contributed to about 80, 10 and 5 percent of the acreage of
dwarf wheats, respectively.

The experimental data from previous years (Qureshi and Narvaez 1966, 1947} indicate that the dwarf
wheats show at least double the fertilizer reaponse of that of the tall wheats. However, special cultu-
ral practicas are required to obtain the maximum henefit from dwarf wheats, Such are: 1) better moisture
conditions in the seedbed, 2) shallow seeding (less than 2} inches), 3) higher seed rate (up to 112 kg/hal,
4) higher fertilizer level (up to 169 kg ¥ + 56 kg PO J-"'J'Hu}l,, and 5) more irrigations (5-6 instead of =4).
Almo deep ploughing (B-10 inches instead of 4-5) andgd?-ill gowing were found to he beneficial. The results

of fertilizer trials with Mexi Pak 65 carried out in West Pakistan in 1967-68 are summarized in Table B3,

Table 93. Average recional yield data (kg/ha) and response ratios (kg srain/kg fertilizer nutrients,
in pnrentheﬂen} from 171 fertilizer trials with Mexi Pak wheat in West Pakistan during the
rabi season 1967-68 after kharif (K) and after summer fallow(S) (Munshi et al. 1968).
Region No. of trials N = P?°5 - K20 treatment, kg/ha
0~0-0 103-0-0 103-56-0 155-56-0
Central ¥ K 1,736 3,271 (15) 4,231 (16) 4,423 (13)
North 4 K 2,555 3,670 (11) 4,187 (10) 4,842 (11)
Seuth 26 3 1,844 3,643 (17) 4,658 (18) 5,110 (15)
0=0=0 TT=0-0 T7-56-0 101=-56-0
Central 61 s 1,970 3,424 (19) 4173 011) 4,402 (15)
North 11 8 2,529 3,191 { 9) 3,723 (9) 4,561 (13

The impact of dwarf wheats on the wheat production in West Pakistan during the recent years can
be seen from Fig. 29.
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Figure ?%. Cultivated area, production and yield of wheat in West Pakistan, 1956=60 (CTVMYT 1049},



The widegnread use of high-vielding Tertilizer-reaponaive dwarf wheat and rice varietiee has re-
volutionized the use of fertilizer in Pakistan over the paet threr vears. An eatimated 115,000 tons
of nutrients were anplied to wheat crons in 1968-69 corresnonding to nearly 20 ¥ilorrame per hectare.
However, more than half af the farmere who vae fertilizer only anply nitroren and those who do uae
phesnhates anply less than is needed for optimum economic wield. The eurrent recommended fertiliszer
anplication for dwarf wheat under irrigation is 120-60-0. Nevertheless, the pronortions of ritropen
to phosphorus used on the 1967-58 and 1968-69 wheat crons were 14:1 and fA:1, resnectivelv. The Govern-
ment of Pakisgtan ia imnortinge comsiderable amounts of diammonium phosphate and other mixed fertilizers
hirt in phosnhate to correct this erop production bottleneck {(CIMMYT 1969).

60. Saudi Arabia

Wheat is the most important cereal of Saudi Arabia where it was grown on about 100,000 hectares
in 1966 covering 54 percent of the cereal area and 27 percent of the total arable land. Other cereal
erops, sorghum, barley and millet, occupied 45,000, 25,000 and 15,000 hectares respectively. In that
year 149,000 tons of wheat (34 kg per capita) was produced and about five times as much was imported.

Table 94. Area, production and yield of wheat, and fertilizer use - Saudi Arabia.

Periocds Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kp/arable hectare
change {1000 ha) {1000 tons) {ke/ha) ] PEGE K,0 “Total
194852 39 a9 1,370 - - - =1
1962=66 95 137 1,440 4.3® 1.0% 1.T# 9.0%
Incr. (+) i + 59 + BB + TO - - - -
decr. (=)

* Averape of the last two years of the period.

Since 1948-52 the wheat production has increased considerably being 2,8 times as high in 1962=66
as in the earlier period. This was mainly because of expansion of the wheat area by a factor of 2.5
arnd the rest wae due to increase in the average national yield. No data of commercial fertiliszer con-
sumption during the first period were available but apparently only negligible amounts were uead.

About BD percent of the wheat is grown under irrigation. New varieties were introduced, Oiza 144,
Penjamo 62, Pitic 62 and Mexico B156, which gave twice the yield (3,000 kg/ha) of local varieties. The
Government has planned to import 50 tons of seed of Mexican varieties from Pakistan for the 1968-69
seanon. The average yields for 1975 and 1985, estimated by FAQ/IWP, are 2,300 and 3,000 kg/ha respec—
tively (Tahir 1968).

£1. South Arabia, Federation of

Millet and sorghum are the principal cereal crope in South Arabia covering 38,000 hectares or 88
perceni of the cereal area. Wheat is of minor importance and wae grown on about 4,000 {1.62) of its
252,000 arable hectares in 1966. The production of wheat was 9,000 tons or 8 kilograms per capita in
the same year. From 1948-52 to 1962-66 the area under wheat increased from about 2,000 to 4,000 hec-
tares and production from 3,000 to 8,000 tons. The average naticnal yields, 1640 and 1840 kg/ha res-
pectively, were among the highest in Asia during both periods. Data on fertilizer use were not avai-
lable.



62. Ezﬂl

Syria is an important wheat producer.
percent of its cereal area and on 14 percent of the arable land.
The production in that year, 559,000 tons or 101 kilograms per capita, however, was only

irrigated.

In 1966 wheat was grown there on 858,000 hectares or on 70
About one tenth of the wheat area is

about a half of that in the previous four years because of a smaller cultivation area and a lower yield.

Table 95. Area, production and yield of wheat, and fertilizer use — Syria.
Periods Wheat Wheat Aver. nat. Use of fertilizera
and area roduction yield _ kg/arable hectare
change (1000 ha) me tona) (kg/ha) N P2£II5 K,0 Total
1948-52 994 761 170 0.1 0.1 0.0 0.2
1962-66 1,305 1,053 805 1.9 0.7 0.1 2.7
Tner. (+) - + 31 + 292 + 35 + 1,8 + 0.6 + 0.1 + 2.5
decr. {—}

The average annual wheat production increased by 38 percent from the five-year period of 1948-57

to that of 1962-66 mainly (B7%) because of about a 31 percent increase in wheat area, the rest (13%)

being due to higher yields.

in good years.

Syria is self-gufficient in wheat in most years and exports the surplus

The consumption of commercial fertilizers varies considerably from year to year but has remained

generally at a low level.

About two thirds of the consumption consists of nitrogenous fertilizers.
All fertilizers are imported.

About 75 percent of the wheat area is under hard (durum) wheat and 2% percent under soft bread

wheat.,

About 61,000 ha wheatland is irrigated.

but also for a properly organized seed production and distribution programme (Tahir 1968),

High yielding varieties were introduced in 1963 and have given very promising results as shown

in Table 964

"

Most of the wheat (90-95%) is grown in the northern part of the country under rainfed conditions.
There is an urgent need not only for high yielding varieties

Table 96. Mean yields (kg/ha) of Mexican and local varieties in 1964-65 and 1965-66 (Tahir 1968).
Irrigated High Low
rainfall rainfall
196465
NP fertilization (kg/ha) 100 + 35 40 + 35 40 + 35 20 + 17
No. of places 1 2 4 3
Mexican varieties, yield 6,095 4,062 4,009 2,162
Local soft varieties, " 4,883 2,874 2,791 1,769
Local hard varietiea, " 44333 1,670 2,516 1,899
1 L
NP fertilization (kg/ha) B0 + 7O Bo + 70 80 + 70 40 + 35 40 + 35
fo. of places 2 (Exp.Stna) 3 (Parmers q= 2 (Exp.** 2 (Parmer
fields) Stns) rieldsi
Mexican varieties, yiaeld 4,682 4,256 2,596 1,951 1,325
Local soft varieties, " 4,179 2,456 1,902 1,577 947
3,068 3,550 1,760 1,519 665

Local zllrd varieties, "

* Three places had medium (400-500 mm) rainfall.

*%* One place had high ( » 500 mm) rainfall.



In four irrigated trials in 1966=67 the best Mexican variety gave average yields of 3930 and 4690
kg/ha under low (NP 40 + 35 kg/ha) and high (NP 80 + 70) fertilization respectively while the corres-
ponding yieldsof tall wvariety (Florence Aurore) were 2825 and 3311 kg/ha. In high rainfall areas
‘he yields of Mexican and local varieties were 3150 and 2565 kg/ha respectively with NP fertilization
of 40 + 35 kg/ha. It is obvious that the Mexican varieties give appreciably higher yields and respond
better to fertilizers than local varieties both in irripated and rainfed conditions. The Syrian Gover-
nment has shown interest in a larger scale production of Mexican varieties (Tahir 196R).

6-‘;0 Turke‘g

Turkey 18 one of the ten leading wheat producers in the world. In 1966 wheat was prown there on
8.1 million hectares covering 62 percent of Turkey's cereal area and 32 percent of the arable land.
The production (%.7 million tons) corresponded to 295 kilograme per capita which fipure was fifth high-
est in the world., Turkey is not only a considerable wheat producer but also a marked consumer since
wheat is the stanle diet in Turkey. The consumption of wheat as food, 218 kilograms per capita in terms

of flour in 1566-67, by far exceeds the respective figure for any other country (Int. Wheat Couneil
1968).

Table 97. Area, production and yield of wheat, and fertilizer use - Turkey.

Periods Wheat Wreat Aver. nat. Use of fertilizers
and area production vield kr/arable hectare
change (1000 ka) (1000 tons) (kg/ra) N 9205 K,0 Total
1948-52 4,770 4,770 1,000 0.2 0.1 0.1 0.4
1962-66 8,004 9,101 1,135 2.3 2.2 0.1 4.6
Iner. (4) or | + 3234 + 4,30 + 135 + 2.1 + 2.1 + 0.0 + 4.2
decr. (=) )

From 1948-52 to 1962-66 Turkey's wheat production almost doubled because of a 68 percent increase
in the wheat cultivation area and 13 percent in the average annual yield. Consequently wheat imports

have decreased. For example in 1960-62 the wheat import amounted to $42 million and in 1968 only to
£1.6 million (Kurtzip 1970).

Fertilizer consumption is low but increasing rapidly. In the beginning of the latter five-year
period the production of nitrorenovs and phosphate fertilizers almost satisfied the domestic consum-
ption. Sinee then consumption has increased much more rapidlv and in the end of the period consump—

tion exceedrd the nroduction bv a factor of about 2.5. Only negligible amounts of potash have been
used, all of 1t i1mported,

Over two thirds of Turkev's wheat supply comes from the Anatolian Plateau area and Eastern Turkey.
Praduction in the Plateau area is very unstable due to low (aver. about 300 mm) and unreliable rain-
fall, coil erosion and extensive farm practices. The rest is produced mainly in the high rainfall
(600-1200 mm), low altitude and mild winter areas of the coastal region, and in the areas of interme-
diate rainfall and moderate winter surrounding the Anatolian Plateau.

FAOQ carried out 3425 dryland wheat demonstrations in Turkey during the three-year period 1961/62 -
1963/64 (FAO 1966). On the averape 0-60-0 (kps/ha N = P0. - K 0) treatment was best in the lower rain-
fall areas of the Anatolian plateau, and 40-40-0 treatment in the higher—rainfall areas of the plateau
and in other remions. The response to both treatments above the chnck-plot yield {about one ton/ha)
wat just over SO percent, and the value/cost ratios were 2.6 and 2.0, respectively for the two treat-
mento. All fertilizer treatments on irripated wheat were economic and the heaviest treatments, 60-60-60
increased the vields 72-97 percent, and the net returns by more than 50 percent. Corresponding results
for 1965-66 are summarized in Table 98.

Under irripated conditions in eastern Anatolia returns from P or N, if applied alone, were not as
high as if applied together in the fall (Ross et al. 1968).

High yielding Mexican varieties were first introduced in Turkey when some progressive farmers of
the Cukurova region imported 60 tons of seed of Mexican varieties (mainly Sonora 63 and 64) for plan-



Table 98. Average repults of the fertilizer demonstrations carried out in 1965-66 (FAD 1968, a).

Treatment Yield Yield Net return Value/Cost
N - PO, = KEU ke/ha Increase t/ha ratio

kedna ¢

Hon = irrigated wheat
Contrel 506 - (11 -

0 = 40 - 0 1,208 13 + 14 2.2
40 = 40 - 0 1,836 &1 + 37 2.5
40 - 40 - 40 1,908 111 + 52 2.6

Irrigated wheat

Control 1,499 - (126) -
60 = 60 = O 2,117 55 + 32 1.9
60 - 60 - 60 2,676 79 + 51 2.1

ting during 1966-67. Noting the good performance of these varieties the government imported about
22,000 tons of seed of Mexican varieties, which was multiplied at the GCovernment State Seed Farms as
well as distributed to some of the farmers during 1967-68 with very encouraging results, yield avera-
ges between 3500 and 4000 kg/ha as compared to 1000-1500 kg/ha from local wheat. In 196889 Mexican
wheats were planted ocn about seven percent of the total wheat land and it is likely that within a few
Years the Mexican seed will be grown on much of the southern and western coastal wheatlands, or on
about 15 percent of Turkey's total wheat acreage (Hafiz 1968; FAO 1969,b). The Mexican wheats seem
to be adapted to the warmer coastal areas. The Turkish programme for the expansion of acreage in these
wheats develoned very rapidly with little preparation (Agency Int. Develop. 1969).

£4. Yemen

Wheat is the only important cereal of Yemen, where it wae grown on 21,000 hectares in 1965. The
production, 26,000 tons, corresponds to five kiloprams per capita. From 1948-52 to 1962-65 the wheat
area increased by 50 percent (from 14,000 to 21,000) and production somewhat more (from 14,000 to
25,000 tons), because of a simultaneous increase in hectare vields from 1030 to 1200 kilograms per
hectare. No data of fertilizer use were availatle.

V. f. Africa

Africa's wheat production was only 2.4 percent of the world's total production in 1948-52 and 2.2
percent in 1962=66. About T4 percent of the production [1966) came from four North African countries:
Algeria, Morocco, Tunisia and UAR, 12 percent from South Africa and 14 percent from other countries.
On the average only 2.9 percent of the total arable land in Africa was under wheat and the production
per capita, 15 kilograms, corresponds to only one sixth of the world average. The average wheat
yvields harvested in Africa as well as the consumption of commercial fertiligers per arable hectare are
lower than those of any other comtinent.

£5. Alperia

Wheat is the most important cereal of Algeria, where it was grown on 1,475,000 hectares covering
22 percent of the arable land and 78 percent of the cereal area in 1966. In the same year 391,000
hectares were under barley, the mext most important cereal of the country. Wheat production, 627,000
tons, “corresponded to 531 kilograme per capita, which was the fourth highest in Africa. However, during
the preceding years the wheat area had been arcund two million hectares and the annual production



atout twice as high as in 1966,

As in most North African countries, the naticnal yield in 1966 was
exceptionally low, only 430 kg/ha.

The influence of the year 1966 is quite significant in the average figures for 1962-66 given

below. In spite of thim the average annual production was 25 percent higher than in 1948-52.

Table 99. Area, production and yield of wheat, and fertilizer use - Algeria.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg/arable hectare 2
change { 1000 ha) { 1000 tons) (kg/ha) N 2(:5 K0 Total
1948-52 1,597 996 620 0.9 2.8 1.6 5+3
1962-66 1,927 1,242 645 2.4 3.4 2.1 T.9
Incr. (+) i + 330 + 246 + 25 + 1.5 + 0.6 + 0.5 + 2.6
deer. (=)

About B4 percent of the production increase was due to 21 percent increase in the wheat area and
16 percent due to & four percent higher average national yield. Algeria produced about three fourths
of the phosphate fertiligers consumed in the country in 1966 but other fertiligers had to be imported.

Wheat ie cultivated primarily along the coastal region extending about 300 kilometera inland,
where the annual precipitation is usually from 500 to 1000 mm but varies considerably. The summer is
hot and dry but the winter season is mild and rainy. 3South of this region the climate becomes too
dry for wheat. The acreage of durum wheat exceeds that of common wheat by a large margin and it is
mainly used for macaroni manufacturing.

66. Angola

Maize is the principal erop of Angola, where it was grown in 1966 on about 500,000 hectares out
of Angola's 900,000 hectares of arable land while wheat occupied only some 20,000 hectares. Wheat
grows relatively well on the high plateau of Angola and the average yields, around 1,100 I:g,a"'hg in
1965-66, are conaiderably higher than the African average. About 4 kilograms of wheat per capita was
produced in 1966. The consumption of nitrogenous fertilizers was negligible in 1948-52, about % kg
N/ha in 1962 and 4 kg/ha in 1966, Data on other fertilizer nutrients were not available.

67. Burundi

Only about one percent or 12,000 hectares of Burundi's 1.1 million hectares of arable land was
under wheat in 1966. Other cereals, sorghum, maize and millet were grown on 119,000, 110,000 and
32,000 hectares respectively.

During the past two decades Burundi's wheat cultivation area has been varying annually from 11,000
to 14,000 hectares, production from 7,000 to 9,000 tons and average yield from 600 to 700 kilograms
per hectare. In 1966 the production, B000 tons, corresponded to somevhat over two kilograms of wheat
per inhabitant. No data of Ffertilizer use are available.

8. Ethi opia

Teff (Eragrostis abyssinica L. }ymillet, sorghum, barley and maize are the principal cereals in
Ethiopia (Pinto 1969). Wheat was grown on 432,000 hectares or 3.4 percent of the arable land in 1966,
About 14 kilograms of wheat per capita were produced in this year.



Table 100. Wheat area, production and yield - Ethiopia.
Periods Wheat Wheat Aver. nat.
and Area production yield
change {1000 ha) {1000 tons) (kg/ha)
1948-52 360 179 500
1962-66 97 285 T15
Incr. (+) i + 17 + 104 + 215
decr. {-}

From 194B=52 to 1962-66 the average average annual production increased by S8 percent. About 81
percent of this increase was due to increased national yield and the rest (19%) due to expansion of
wheat area. Data on fertilizer use were not available.

High altitude cultivation of wheat is typical for Ethiopia, where mest of it is grown at altitu-
des of 2,000 to 31,000 meters. Wheat in Ethiopia consists mainly of a mixture of indigencus tetraploid
forma, generally suitable for making unleavened bread and paste products. Bread wheats comprise less
than 10 percent of the wheat under cultivation and domestic production does not at present satisfy the
demand of the rapidly increasing population of cities and towne ?Finto 1969). Imports of such wheat
and of wheat flour were valued at almost US$1.5 million in 1967 (Imp. Eth. Gov. 1967). As very lit-
tle expansion in the cultivated areas of the Central Highlands is possible,the internal cereal requi-
rements could best be met through raising yields and also increasing the area sown to wheat whilet de-
creasing that sown to teff and barley (Pinto 1963).

€5. Kenya

Over 97 percent of Kenya's 1.7 million arable hectares were under cereal crope in 1966. The main
eropa were maige, millet and sorghum. Wheat was grown on 122,000 hectares or on 7.2 percent of the a-
rable area and its productien, 127,000 tons, corresponded to 11 kilograms per capita.

Table 101. Area, production and yield of wheat, and fertilizer use - Kenya.
Periode Wheat Wheat Aver. nat. Use of fertilicers
and area roduction yield kg/arable hectare
change {1000 ha) 1000 tons) (kg/ha) i 20s . Total
194852 95 101 1,070 0.2 2.8 0.1 3.1
1962-66 108 121 1,120 5.5 T 0.6 1.7
Inor. (+) - + 13 + 20 + 50 + 5.4 + 2.7 + 0.5 + B.6
decr. (=)
The 2?0 percent increase in wheat production from 1948-52 to 1962-66 was mainly (75%) due to expan—
sion in wheat cultivation area. The contribution of increased hectare yields was 25 percent. Both
hectare yields and consumption of fertilizers considerably exceed the African averages. About five

percent of the phosphate fertilizer consumption is met by Kenya's own phosphate production.

In epite of Kenya's location on the egquator, wheat can be successfully grown at high elevations
ranging from 1700 to 2700 meters, mainly in the Rift Valley Province. Because of the location there
are no distinet seasons comparable with those in temperate zones, but only rainy and dry seascns. De-—
pending on the pattern of seasonal rainfall, wheat is seeded in April-June or October-November, or
both, All of the wheat im of the common hexaploid species (Reitz 1967).

In Kenys six of the eight soil types tested gave responses to superphosphate with wheat, the re-
sponse being inversely related to the pH of the soils (Ignatieff and Page 1962). In general, phos-
phorus seems to be of dominant importance in wheat monoculture in the Kenya highlands whereas nitro-
gen and phosphorus are of less importance.



Depending on basic soil fertility and previous cropping history, 9-23 kg H/ha and 56=6T kg PO
per hectare are recommended for wheat growing in Kenya (De Ceus 1970). Higher ¥ doses ars rec -ﬁdud
for continuously crooped land on which wheat or maize has been grown at least two vears previously and
the lower N recommendation im for newly broken grase or virgin land, which is generally riech in orsa-
nic matter and on which response to nitrogen is likely to be low. Higher nitrogen doses than thoae
given above ghould be applied only to strong-strawed varieties. For very fartile soils, in order to
maintain the natural fertility of the soil, the recommendation for P Gﬁ, is 16 to 20 zercent less than
given above. On these soils nitroren is not likely %o give an acenogic regnonse,

Stem rust is serious over the entire wheat area, leaf rust in lower altitudes and atrio rust in
higher altitudes. Therefore, adequate rust resistance is the first requirement for a successful wheat
variety in Kenya (Evans 1969). Breeding programmea are in progress.

T0. Leaotho

Almost 20 percent of Lesothos's 151,000 hectares of arable land was under cereal crops in 1966.
Maize, the principal erop of the country, was grown on 140,000 hectarss and wheat, the second in impor-
tance, on 70,000 hectares or on 20 oercent of the arable land. ‘theat production corresponded to about
46 kilograms per capita, which is relatively high in African conditions.

Table 102. Area, production and yield of wheat, and fertilizer use - Lesotho.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production ¥ield kl;{l.'l‘l.'ble hectare
change {1000 ha) {1000 tona) (kg/na) [ ] 520 K,0 “Total
1948-52 49 50 1,010 - 0.3 - (0.3)
1962-66 70 43 15 0.1 0.1 - (0.2)
Incr. (4) + 21 -1 - 195 {+0.1) | =0.2 - {=0.1)
decr. (=)

In spite of over 40 percent expansion of wheat area from 134B-52 to 1962-65 the production of
wheat decreased by 14 percent because of the considerably lower wheat yields during the latter period.
One reason for the decreasing yields is apparently the insignificant use of fertilizera.

Most of the crop is produced in mountains where wheat is sown in the spring, while in lowlands
the sowing takes place in the autumn.

71. Libya

Barley is the main cereal grown in Libya where it was grown on about 400,000 hectares in 1966,
Wheat area in the same year was 180,000 hectares or 12 nercent of the arable land, and production about
40,000 tons or 24 kilograms per inhabitant.

From 1948-52 to 1962-66 wheat cultivation area increased frem 124,000 to 164,000 hectares, wheat
production from 11,000 to 40,000 tons and yields frem 90 to 245 kilasrams per hectare, Data of ferti-
lizer consumption were not available. In Libya wheat is srown in the coastal rermion having less pre-
cipitation than other Noerth African countries. Drought is the main factor limiting the yields to an

extremely low level.

Durum wheats are predominantly cultivated in the heavy clayey soils of the plateaux of Cyrenaica
and Tripolitania, characterized by relatively high rainfall (500-700 mm), and cooler and lonrer grow-
ing seasone. Principal varieties are Mahmoudi and Hamera. Common wheats are in reneral grown on
lighter soil either under rain-fed conditions in the coastal plains and the semi-desert areas, or un-
der irrigation in the oases. Varieties grown in the semi-dessrt arcas are highly drought resistant,
early maturing, but have a low yield potential. The principal variety is Ithkair., All varieties ars

highly susceptible to rusts(Al-Jibouri 1966).



72. Morocco

Over 50 percent of Morocco's arable land was under cereal crops in 1966, The two principal cere-
als, barley and wheat, were grown on 1,775,000 and 1,635,000 hectares occupying 22.6 and 20.8 percent
of the total arable land respectively. Wheat production, 814,000 tons, corresponded to 61 kilograms
per capita, which was second highest in Africa, but as in most other North African countries, the pro—
duction in 1966 was considerably lower than in preceding years due to an exceptionally low yield of
only 500 kilograme per hectare.

Table 103. Area, production and yield of wheat, and fertilizer use - Morocco.

Perioda Wheat Wheat Aver. nat. Use of fertilizers
and area roduction yield kg/arable hectare
change {1000 ha) fﬂlﬂ{} toma) (kg/ha) N P‘205 Rzﬂ Total
1948-52 1,287 T86 610 0.3 1.4 0.6 2.3
1962-66 1,586 1,153 T30 2.2 2.5 1.2 5.9
Iner. (+) o + 229 + 159 + 120 + 1.9 + 1.1 + 0.6 + 1.6
deer. (=)

From 1948-52 to 1962-66 Morocco's wheat production increased by 47 percent because of almost equal
relative increases in both wheat area and wheat yield.

The consumption of fertilizers ies somewhat higher than the average in Africa. The most important in-
crease in fertilizer use has been that of nitrogencus fertilizers. Phosphates are the only fertilizers
produced by Morocco itself. Up till 1964 phosphate production was about equal to domestic consumption
but since then production has substantially increased and already in 1966 over five times as much was
produced as consumed.

Wheat cultivation is mainly concentrated in the coastal resion of Moroeco. The acreage of durum
wheat has been somewhat larger than that of common wheat.

Morocco's firast experience with Mexican dwarf varieties began during the 1967-68 crop meason with
excellent results. During the next season a total of 5,000 ha of Mexican dwarf wheats were grown with
mixed results because this meason was affected by twice the usual amount of rainfall, and as a result
of the continuous cloudy and rainy weather a very serious epidemic of septoria leaf and glume blotch
developed on both Mexican and local varieties. Especially Siete Cerros, which during the previous sea-
son had outyielded all other varieties, appeared to be hyvper-susceptible to this disease. The yield
results of the Mexican and local varieties from the demonstration site at Sidi Kacem, in the area of
severs Septoria epidemie, were as follows (CIMMYT 1969):

Mexican varietiem (®): Local varieties (*):

Penjamo 62 1,316 ke/ha BT 3597 (Mara) 2,951 ke/ha
Tﬂblﬂ 65 3' ETE - BT go& 2‘1932 "
Inia 66 2,895 " BT 2511 2,673 it
Norteno 67 2,696 BT 2306 2,502 »
Siete Cerros 1,950 »

(*) Fertilized with 40 kg ¥ and 27 kg FEGS at planting and 46 kg N per hectare at tillering.

In general, Tobari 66, Penjamo 62, and Inia 66, produced satisfactory to good yields of grain in
most locations, especially when adequately fertilieced. Considerable observation at evidence indicates
that fields that were top—dreseed with nitrogen beforeheading withstood Septoria much better than those
that were deficient in nitrogen, or wherever nitrogen uptake was reduced by waterlogged soil. In south-
ern parts of the rainfed rezion where there was less rain, Tobari, Inia, Penjamo and Norteno produced
gooed to excellemt yields, and outperformed the local varieties by a good margin. Siete Cerroe should
be grown only in the south under dry econditions and irripation where its yields were excellent (CIMMYT
1969). Research for developing more disease resistant varieties for Moroccan conditions is in progress
both in Tunisia and Morcceo.



Ti. Mosambique

Wheat plays a relatively small role in Mosambique's agriculture where only 14,000 out of the 2.6
million arable hectares were under wheat in 1966. The main cereals, maize and rice, were grown on
163,000 and 45,000 hectares respectively. Somewhat less than one kilogram of wheat was produced per
capita.

Table 104. Area, production and yield of wheat, and fertilizer use - Mosambigue.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield _I:zfam‘hlr hectare
change {1000 ha) {1000 tons) (kg/na) N P2¢I5 K0 Total
1948-52 NeBs Nells 630 0.3 0.1 0.0 0.4
1962-66 5 5 ga0 1.6 0.4 0.6 2.6
Iner. (+) - Ned. n.a. + 150 + 1.3 + 0.3 + 0.6 + 2.2
decr. (=)

In spite of some increase in the upe of fertilizers their consumption is estill at a low level.

T4« South Africa

Over one half (6.8 million ha) of South Africa's 1?2 million arable hectares was under cereal crops
in 1966. Wheat occupied slightly over one million hectares (B.5% of arable land) and maize, the prin-
cipal cereal of the country, almost five times as much. Wheat production, 567,000 tone, was fourth
highest in Africa but corresponded only to 31 kilograms per capita. The food consumption of wheat was
about 48 kilograms per capita in terms of flour (Int. Wheat Council 1968).

Table 105. Area, production and yield of wheat, and fertiliser use - South Africa.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg/arable hectare
change {1000 ha) (1000 tons) (kz/ma) [ W 20 K,0 Total
194H-52 928 555 600 0.9 8.4 0.6 9.9
1962-66 1,178 779 660 7.5 12.9 5e2 25.6
Iner. (+) - + 250 + 224 + B0 + B.6 + 4.5 + 4.6 + 15.7
decr. (=)

About 73 percent of the 224,000 ton increase in the average annual wheat production shown above
was due to a 27 nercent expansion in wheat area, and the rest, 27 percent, was due to the ter percent
increase in hectare yielde.

The amount of fertilizers used per arable hectare is third highest in Africa after UAR and Zambia
but #till slightly below the world averame. In 1948=52 phosphates made up 85 percent of fertiliszer
consusntion. Since then its proportion has decreased to about 50 percent in 1962-66. About two thirde
of South Africa's nitropen consumption was met by its own production in 1966, The annual production
and consumption of phosphate fertiliszers have been about equal during the past two decades.

The importance of nitrogen for the produntion of wheat im emphasized by the results of the expe=
riments carried out under conditiona of 434 mm average rainfall (Table 106).

Differcnces between yields of the two phosphate treatments, with or without nitrogen, were not
sipnificant and potash had no noticeable effect on the yield of wheat. An application of 93 kg P?ﬂ
per hectare (as superphosphate) resulted in a grain yield of 950 kg/ha. This increased to 1800 kE/Ha
when 50 ki N per hectare (as ammonium sulphate) was added, With an additional 50 kg N/ha, the yield



Table 106. Average results of five-year fertilizer experiments at Vaalhartz Agricultural Research
Station (Wessels and Pretorius 1953).

Fertilizer treatment Grain Relative yield
(kg/ha) yield (Treatment 09 3—0w=100
N - PO..~- K0 kg/ha rain Straw
25 2
0 - 93 < 0 950 100 100
0 = 187 = 0 1,005 106 106
50 - 93 - 0 1,750 184 202
5 - 93 - 112 1,785 188 206
50 - 187 = [v] 1,855 195 208
100 = 187 =« 0 2,540 267 323

was further increased to 2,540 kg/ha. The effect of nitrogen on the straw yield was even more marked
than on the grain yield.

In another experiment an increase of 145 percent over the grain yield with 93 kg P.0_/ha treat-
ment was cbtained from an application of 23 tona of kraal manure per hectare. Ewven thig gffent Wag
attributed primarily to the nitrogen factor (Wessels and Pretorius 19527,

Considerable climatic differences between different parts of the country impose the adoption of
wheat cultivation practices and fertilizer use methods varying from one locality to another. For exa-
mple, the effect of time of nitrogen application on nitrogen uptake, growth and grain production of
wheat at Langgewens area receiving an average annual rainfall of about 330 mm diverged markedly from
that at Elsenburg, where the average annual rainfall is more than double, about 630 mm (Wassermann and
Ekateen 1962).

On a sandy soil at Elsenburg leaching of nitrogen occurs easily and disappointing results wers
obtained when nitrogen was apblied at seeding time. Here the application in the early stooling stage,
i.e. 30-40 days aftar seeding, gave the highest yields, while low yields resulted from nitrogen dres-
sings in the late stooling stage. Under conditions at Langgewens, nitrogen applications at seeding
time and N top dressings up to the full stooling stage gave equally good results as repards N uptake,
increase in dry weight of plants, and grain yield. The period between early piping and heading was
the one of maximum growth intensity and therefore the plants must be well supplied with N from the
start of piping but the time of top-dressing can be extended up to the late stooling stage, i.e. 60-70
days after seeding. Tn these experiments the use of ammonium sulphate and ammonium nitrate gave slight-
ly stronger plant growth and higher grain yield than urea, but the differences were not gipnificant.

75. Sudan

Wheat was grown on 57,000 hectares or on less than one percent of the 7.1 million hectares of Su=
dan's arable land area in 1966. The main cereals, sorghum and millet, occupied 1,341,000 and 548,000
hectares respectively, and some maize (18,000 ha) was grown mainly in the southern parts of the count-
ry where thers is more moisture available. The area and production of wheat have been rapidly increa-
ging and in 1966 the production was 69,000 tene corresponding to 5 kilograms of wheat per capita.

Table 107. Area, production and yield of wheat, and fertilizer use - Sudan.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area nroduction vield kg/arable hectare
change {1000 ha) (1000 tona) {kz/ha) N P205 K0 Total
1948-52 13 15 1,180 0.7 - - (0.7)
1962-66 5 44 1,260 1.6 0.1 0.8 4.5
Iner. (+) or + 22 + 29 + B0 +2.9 | (+0.1) {+0.8) | (+1.8)
deer. (=)




During both periods given above the wheat yields were over 50¥ higher than the average harvest in
Africa. Nitrogen plays a dominating role in the fertiliser coneumption but the rates used are still
low. However the pituation is rapidly changing and over the five—year periocd 1962-66 they rome from
less than the African average consumption per arable hectare to 40 percent above average.

The wheat area of Sudan is expanding very rapidly. In 1967-68 it was already about 100,000 hec-
tares, most of it in Gezira and Khashm El Girba. Almost all the wheat is grown under irrigation. The
Frowing season is short and unless the crop is sown before the end of October an appreciable reduction
in yield occurs. The majority of farmers still grow wheat very late which apparently lowers the na-
tional yield level. OCiza 144 and 148, the most common varieties, are capable of producing a yield of
2,500 kg/ha on a large scale. Some farmers get 1,000-4,000 kg/ha by carrying out recommended cultural
practices and by application of 100 kg nitrogen per hectare and copious irrigation. The effect of plan-
ting time on yield is illustrated below (Tahir 1968):

Date of sowing Yield kg/ha } A trial in Gegzira;
17.9 2,760 Variety Giza 144:
1.10 1,100 ) Nitr application
15.10 3,120 ) 80 kg/ha at sowing
26.10 3,180 )
15. 11 2,670 )

After mid=November yields decline even more sharply.
fiven promising results.

Some early maturing Mexican varieties have

76. Tanzania

Only 34,000 (0.3%) out of Tanganyika's® 11.6 million arable hectares were under wheat in 1966,
The main cereals were maize, millet and sorghum, but the area of rice was also over three times larger
than that of wheat.

Table 108. Area, production and yield of wheat, and fertilizer use = Tanganyika.
Periode Wheat Wheat Aver. nat. Use of fertilizers
and area production ¥ield kg.n"nrl'ble hectare
change {1000 ha) (1000 tons) {kg/ha) N P05 K0 Total
1948-52 15 9 560 0.0 0.0 0.0 0.1
1962-56 29 26 Bgs 0.2 0.1 0.1 0.4
Iner. (+) - + 14 + 17 + 335 + 0.2 | + 0.1 + 0.1 + 0.3
deer. (=)

From 1947=52 te 1962-66 wheat production increased threefold. About 61 percent of the increase
was due to expansion of the wheat area and 19 percent due to hipher yields. A similar trend seems to
be continuing and in 1956 the production was 139,000 tons.

Mnly insimificant amounts of commercial fertilizers have been used.
dustion are somewhat similar to those in Kenya.

The conditiona of wheat nro—

When studying the effect of soil and cultivation history on responses of wheat to fertilizer in
Northern Tanzania, Anderson et al. (1966) obtained economic responses to 125 kp of ammonium sulphate
nitrate per hectare in 13 out of 17 experiments. There wae a response to phosphorus only in cases where
wheat wag prown on soile brourht under cultivation by ploughing native rrassland. It was concluded
that prevs/legsune leys were the best means for maintaining hiph productivity of the Northern Tanzanian
goils.

* lata for Zanzibar not available.



77. Tunisia

Tunisia is one of the five leading wheat producers in Africa. In 1986 wheat was grown on 845,000
hectares or on 19.5 percent of the arable land and twe thirde of the ceral aresa. Barley, the mecond
important cereal of Tunisia, occupied 377,000 hectares in the same year. Tunisia is the only African
country where wheat production per capita, 96 kilograms, exceeded the world average. Consumption of
wheat as food was 92 kilograms per capita in terms of flour (Int. Wheat Council 1968).

Table 109. Area, production and yield of wheat, and fertilizer use - Tunisia.

Periods Wheat Wheat Aver. nat. Use of fertilizers
and area production yield kg,r’url'blq hectare
change {1000 ha) {1000 tons) (ke/ha) N PEQS K0 Total
194B=52 917 452 490 0.1 2a2 0.1 2.4
1962-66 1,013 548 540 1.3 3.0 0.7 5.0
Iner. (+) + 56 + 96 + 50 + 1,2 + 0.8 + 0.6 + 2.6
deer, (=) °F

From 1904f-57 +o 1967-8& wheat production increased 21 percent, half of whieh was due 4o a 10 per—
cent expanmion in wheat area and half due to a 10 percent increase in averape national vield. The wheat
yielde barvested in Tunisia are amons the lowest in Africa. Two decades ago phosphates were practical-
1y the only commercial fertilirzers used but since then mome nitrogenous and potash fertilizers have
&le> been aoplied. In spite of the over two-feld increase in fertilizer consumption mince 1948-52 the
level of fertilizer uee im 8till very low, about erual to African average, but lese than one fifth of
the world average. Both nitropenous and potash fertilizers have to be imported but the production of
phoephates exceeds domestic consumption by a Tactor of ten.

As in Algeria durum wheat is the most extensively cultivated wheat in Tunisia.

The recent improvement in the standard of living, however, has resulted in greater consumption of
bread wheat to the detriment of durum wheat.

Cver four fifths of Tunisia's wheat production takes place in the northern part of the country
and the reat is produced in the central and southern regions. Further, by dividing the country into
modern and traditional sectors, following peneral set-up has been prepared {USAID/Tunis 1969):

Table 110. Wheat production and vields in different sectors of Tunigia.

Wheat area Wheat production Yield I
{1000 ha) {1000 tons) (100 keg/ha)
North:
Modern Sector 368 165 10
Traditinonal Sector 300 120 4
a5 AR5 T
Centre and South:
Medern Sector 52 13 2.5
Traditional Sector 310 62 2
162 5 2
TOTAL: 1,027 RE60 G4

The wvields of the modern sector are considerably higher because of more advanced cultivation me—
theds, including higher level of fertiliger use, while the differences between the northern and other
reFiona depend mainly on weather conditions. The South is a large area where wheat growing remains
hazardous ‘because of insufficient rains. Instead, it would be more profitable to set up rangelands



and encourage extensive stock breeding, dry tree culture and secondary cereals such as barley {(USAID/
Tunis_ 1969 ).

In 1967-68 the Tunisian Extension Service started to carry out, with USAID's assistance, a large
production demonstration programme. The results were very encouraging. The Mexican varieties vielded
0 to 50 percent more than the Florence-Aurore wheat which was introduced as a check variety. In the
region of Beja, Inia yielded 5,300 kg/ha under dryland conditions and near Sidi Bou Zid the best Mexi-
can variety, Tobari, gave a yield of 6,900 kg/ha under irrigation. The overall average yields (kg/ha)
and average yields under irrigmted farming for the six varieties included in the demonstration (with
45 to 89 kg nitrogen per hectare) were as follows:

Cverall Irrig. Overall Irrig.
Inin *) 2,840 3,650 Florence—Aurors 1,760 2,860
Sonora *) 2,00 3,110 Mahmoudi 1,270 1,700
Iaral *) 2,100 2,840
Tﬂhlﬂ '] E ¥ Eﬁﬂ 3'1: '540

*) Varieties of Mexican origin.

For 1969-T0 the commercial production goals for growing Mexican or short-stemmed wheat varieties
are 140,000 hectares.

In Tunisia low rainfall is a limiting factor of wheat production in many areas. During the crop-
ping seamon 1968-69, the rainfall was exceptionally low, espnecially in the Bou Rebia, Pont du Fahs, Zag-
houan, El Aroussa and 3iliana regions whers yields from dryland production were in the range of 100=1000
kg/ha. The rainfall data and experimental population yield means for five experimental areas of 1968-£9
trials (CIMMYT 1969) are compared below:

Farm-Location Octobar-May Wheat yield
rainfall, mm kg/ha
Amel - Pont du Fahs 200 350
Azima = Medjez el Bab 250 1,260
Aissa - Pont de Bizerte 3o 3,120
Marja II = Bou Salem 340 3,760
Bakhria-Mateur an 3,840

As a result of the moisture shortage there was no positive response of wheat to nitrogen at Amel
and Arima, while at Aissa,where the best treatment gave 68 nercent increase over the check, the results
were vary informative as shown in Table 111,

Table 111. Results of fertilizer triales at Aissa 196B-69 (USAID/Tunie 1969).

Treatment Yiaeld # Treatment Yield
Ny P05, X0 (ke/ha) {kr/ha) Ny Py0g, K50 (ke/ha) (kr/ha)
D - 0 - 0 2,10 e 135-45-96 3,240 a
45 = 45 - 96 2,590 de 45-45-48 3,200 a
45 = 90 - 48 2,60 ed 90-45-96 3,330 a
135 = 90 = 96 3,040 abe 135=-50-48 3,380 a
45 = 90 = 4§96 3,160 ab 90-90-48 3,490 a
90 - 45 - 48 1,180 ab 90-90-96 3,580 a

* TYields followed by same letter do not differ significantly from each other.



The data indicate that 45 kg PED per hectare was sufficient since there was no significant res-
ponse to the addition of 90 kg/ha. H'E response to potassium was obtained and 90 kg N/ha was the op—
timum since 135 N/ha caused a slight, although insignificant, yield depression.

On the basis of information taken from both experimentation and production fields the general fer-
tilizer recommendations for dryland wheat vary from 22 to 100 kg H_fhl and 45 to 67 kg P.0,./ha depending
on both the cereal and seasonal dietribution of moisture and on the preceding crop. Pog ;rripttd
wheat 112 kg N/ha (45 kg at seeding and 67 kg at tillering) and 67 kg FQUS;"I'LI. (before or at seeding)
are recommended. Potassium was not recommended generally for wheat.

78. Umited Arab Republic

UAR is the biggest producer of wheat in Africa. In 1966 its production corresponded to one third
(34%) of the continent's total wheat production.

Within the country, however, wheat covered only the second largest area (after maize) under cereal
erops and its production was exceeded alsoc by that of rice. The cultivation areas and production of
these three principal crops were: Maize 661,000 ha and 2,358,000 tons, wheat 605,000 ha and 1,620,000
tons, and rice 486,000 ha and 2,000,000 tons respectively. The wheat area corresponded to 22 percent
of the toal arable land and wheat production to 54 kilograms per capita.

Table 112. Area, production and yield of wheat, and fertilizer use - UAR.

Periods Wheat Wheat Aver. nat. Use of fertilizers

and area production yield kﬂﬂblu hectare
change {1000 ha) (1000 tons) (kg/ha) N Pzﬂﬁ K,0 Total
194852 605 1,113 1,840 29.0 6.4 0.3 35.7
1962=66 580 1,561 2,690 BT.7 17.4 0.4 105.5
Iner. (+) - - 25 + 448 + Bs0 + 58,7 [+ 11.0 |+ 0.1 + 69,8

decr. {-]

In spite of the 25,000 hectares decrease in the average wheat cultivation area from 1948-52 to
1962-66, United Arab Republic's wheat production increased by 40 percent, because of 850 kg/ha (464%)
higher yields harvested during the latter period. Thene yields are by far the highest in Africa and
are exceeded outeide of Burope only by those of New Zealand. Exclusion of UAR would decrease the ave-
rage wheat yield of Africa from 825 to 660 kg/ha or by 20 percent.

The bulk of the 850 kilograms increase in hectare yields is apparently due to the threefold in-
crease in fertilizer use. Over B0 percent of the total conmumption of fertilizers coneists of nitro—
genous Tertilizers, while the use of potash is negligible.

UAR's fertilizer industrv produced about 68 percent of Africa's total nitrogen production in 1966
67 but only 65 percent of ite domestic consumption. About BS percent of UAR's phoasphate consumption
was met by its own production. Potash fertilizers were imported.

Wheat is grown ae a winter crop on the alluvial soils of the Nile Valley and Delta, where the an-—
mial floeding of the Nile provides irrigation. The main hazards to wheat production are the three rust
diseases (stem, leaf and stripe rust) in the northern part of the country, and insect attacks, both in
the field and in storage, in all parts of the country. Ledging of the heavier erops is also a great
problem (Peterson 1965).

Thus, increase of wheat vield in the UAR means continuous fight against races of rust. Three va-
rieties (Giza 144, 147 and 150} developed since the early nineteenfifties occupy three fourths of the
wheat area. A new variety Giza 155 released in 1967-68 has resistance to all the Egyptian races of
the three rusts and competes favourably with the Mexican varieties giving a yield of 5,000 kg/ha with
T5 kg N and 45 kg qu per hectare. Although some of the Mexican warieties have ocutyielded Oiza 15%
in variety trials b¥ ﬁ,?m kg/ha under high doses (135 kg/ha} of nitrogen, they are not fully resistant
o all the rusts (Tahir 1968). The IWP Provincial Study has estimated yield levels of 31,500 and 4,200
kr/ha for 1975 and 1985 respectively, provided that other targets of improvement (fertiliszer and pes—
ticide uee, management etc.) are met.



79-86. Other African countries

In addition to the countries described above wheat is grown in limited areas of several other Af-
rican countriesy however, these only make a small contribution to Africa's total wheat production.

In the following eight countries: Chad, Congo=D.R., Mali, Niger, Rwanda, Sth. Rlodesia, S.W. Afpi-
ca and Zambia wheat was grown in 1966 on less than 0.3 percent of the arable land, its acreage varving
from about 4,000 hectares in Congo D.R., and Sth. Rhodesia, 3,000 in Mali and 2,000 in Chad to 1,000
hectares or less in the other four countries. The production of wheat was about 9,000 tene in Sth.
Rhodesia, 3,000-4,000 tons in Chad, Mali and Congo D.R. and around 1,000 tons in the other four coun-
tries. In Sth. Rhodesia and 5.W. Africa the production corresnonded to about two kilograms per canita,
while in the other six countries it was only one kilogram or lees.

The development of wheat yields from 1948-52 to 1962-6% diffara considearably from one countrvy to
another. In Sth. Rhodesia and Zambia the national yields increased most, from TEQ to 2,120 and T10 %o
1,875 kg/ha respectively. Also in Chad, Mali and Higer the increases were quite substantial, from
1,230 to 1,565, 1000 to 1,450 and 480 to 1,210 kg/ha respectively while in S.W. Africa the average yield
decreased from 1,270 to 1,210, in Congo D.R. from 870 te 720 and in Rwanda from T90 to 700 kilosrams
per hectare.

The 164 percent yield increase in Zambia is obviously, at least partly, a consequence of more than
tenfold use of fertilizers from 2.9 (1.9 kg N, 0.7 k& PO, and 0.3 kg 0) kilograms to 39 (19, 10, 10)
kilograms per arable hectars. The same apoliea to Mali wﬁer& practically no fertilizers were used be—
fore the turn of the last decade but in 1962-66 7.3 (1.0, 1.3, 5.0) kilograms per arable hectara were
applied on the average. Only negligible amounts of fertilizers have been used in Chad and Congo DuR.
and no data for the other four countries were available. In these countries there ie fertilizer pro—
duction only in Zambia where in 1962-66 somewhat over 80 percent of its phosphate consumption was met
by ite own phosphate production.

IV. . DCEANTA

Ovar 97 percent of Oceania's 39 million hectares of cultivated land area was located in Australia
{37.15 million ha) and in New Zealand (0.82 million ha) in 1966. These two countries also produced
practically 100 percent of the wheat of this remion {Australia §7.7 and New Zealand 2.3%). Tn 1948-52
Oceania contributed about 1.0 percent and in 1962-66 1.6 percent of the world's total wheat production.

87. Austmalia

Australia ranks fifth as a producer of wheat in the world, with 12.6 million tons on 8.2 million
hectarenm in 1965. The area under wheat corresponds to 74 percent of Australia's cereal area and 22
percent of the total arable land. The production per capita, 1089 kilograme, was second highest (after
Canada) in the world and the consumption of wheat as Tood 75 kilosrams in terms of flour (Int. Wheat
Council 1968). Australiam is one of the leading wheat exporting countries.

Table 113. Area, production and yield of wheat, and fertilizer use - Australia.

Pericde Wheat Wheat Aver. nat. Uge of fertilizers
and area rodudtion rield In;,fnnhlg hectare
change {1000 ha) 51000 tona) {kg/ha) 7] F205 K,0 Total
1948=-52 4,620 5,161 1,120 Osd 8.8 0.2 9.4
1962=66 T, 175 9,31 1,310 1.6 21.4 1.6 24.6
Incr. (+) o + 2,555 + 4,230 + 150 + 1.2 |+ 12.6 + 1.4 | +15.2
decr. (=)

From 1948-52 to 1962-66 the average annual wheat production increased by 82 percent. About 76



percent of the increase was due to a 55 percent expansion of wheat area and the rest, 24 percent, due
to tha 17 percent increase in the average naticnal yield. The wheat yielde have been somewhat above
the world average.

Wheat is grown mainly in the southern part of the continent in the no called wheatbelt area which
appears to have become stabilized within the areas that receive between 9 and 15 inches (23-38 em) of
rain during the period May to October (Fig.10). The combination of topography, temperature, and heavy
winter rainfall makea the regions with May-October falls ¢f more than 15 inches better suited to pas—
tures than to wheat growing. In Southern Australia, which has a predominantly winter rainfall, the
rainfall during the growing period largely determines the yield; this does not apply so much to north—
ern New Scuth Wales and Queensland, where moisture conserved from summer rains is more important (Cal-
laghan and Millington 1956). Only a small portion of wheat fields are irrigated.
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Figure 30. Australia's wheatbelt (Callaghan and Millington 1956).

The level of commercial fertilizer consumption in Australia is relatively low as compared with other
developed countries. About 87 percent of the total amount of nutrients given in fertilizers comprises
phosphate and the rest is equally distrituted between the other two nutrients. The sBoils in the semi-
arid environment of the Australian wheatbelt are usually rich in potassium and the nutrients most res—
ponsible for limitation of wheat yields are phosphorus and nitrogen. Thelr deficienay in Australian
soils has been known for a long time (Valder 1897, Cobb 1898). The deficiency of phosphorus for wheat
production has been widely corrected with superphosphate fertilizer while for nitrogen deficiency,
which is also believed to be widespread, there has been a general correction through nitrogen fixation
only since about 1950, when the value of crop rotation with subterranean clover pasture was recognized
(Colwell 1963). Rixon (1966), for example, reports a 56 percent difference in wheat vields srown af—
ter Wimmera ryesrass (2,554 kg/ha) and white clover (4,235 ke/ha) pastures.

The results of series of experiments to examine the influence of different nitropen levels on the
¥yield of wheat in South Australia are given in Table 114.

Table 114. Response of wheat to nitrogen in the cereal areas of South Australia, Averase results
of 1956-61 trials (Russel 1967).

Ammonium Grain Yield increase Response ratio
sulphate applied yield ke/ha ke mrain/ks N
kg N/ha ke/ha '
0 1,237 — —
13 1,350 113 8.7 + 1.4
52 1,500 263 5l + 0.9

These mean values are lower than those reported for other more humid wheat prowing areas but there
were conditions where the responses were at a comparable level. Increases exceeding 10 bushels/ac



(&72 kg,l"'ha.} were obtained at six out of 52 sitee and those over 5 bushels at 22 sites. Significant
positive linear trende were recorded at 27 sitee and significant nejmtive linear trends at four sites.
All the maror soil groups were represented, but since there wasg considerable range of difference in
#oil profile characteristics within the soil groups, no clear differences of responses hetween the
goils were reported. The seascnal effecte on the response to nitropen were marked (Fig. 31) and anna-
rently only little response ie to be expected at locatione receiving less than 100=150 mm of May=Octo-
ber rain (Russell 1967).
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Firure 31. Mean resnonses of yield to nitrogen of four locations in eix yearas of different rainfall
levels (Russell 1967).

The reaults of Littler {1963) indicate that there is a marked reaponae of wheat to nitrogen ferti-
lizer {urea) on older cultivations, especially if mpplied at sowing time. As the stage of growth ad-
vanced, the effect of urea on yield decreased {Fig. 32). Urea alsoc improved grain protein, to a lesser
ertent baking quality and the number of mottled graina wae reduced with inereasine rates of urea apnli=-
catiorns, The residual responses in yield were muite substantial indicating a sufficient carry-over
of nitrogen in Pampas area and supporting the findines of Cuthbertson (1959) in New South Wales.

In several Australian triale of nitropen fertilization no responee or even yield decreases have
been ohtained especially in dry eeasons and in dry areas.

Aderquate water supply eeems to he egsential for responsiveness to nitropen. Swartz and White
{1964} noted that production per inch of water used rose to a peak at the most faveurable water/nitr
fen Aavailability balance and even when neither was limiting th crop growth, a luxury supply of one re-
duced the efficiency of rrain production per unit of water used.

A siFmificant nitrorenfvariety interaction wae obtained Tor wheat prain yield in experiments ror=
ducted by Barley and Hpidu {1964). The fartors contributing to this interaction were tiller survival
and rrain weifht, Thereafore the authors Fee]l that more attention should he gmiven to these factere 1n
the gelection of varietiee for eoils rich in nitropen, or for areas where moieture strems is likelv to
onrur &t the end of the season.

Because af the menerally low available phosnhorus status of Australian soile the responee of wheat
ts phosphatic fertilizers is usually more pronounced than to nitroser. The results of field triale
lacated in ter dintrinte and representing most of the wide diversity of rrowing conditions in the routl-
gon  wheathelt of New South Wales, reported by Colwell (19631), are summarized in Table 115.
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Figure 12. Effect of time of urea application on wheat yield on an Australian Black Earth soil
{Littler 1963).
Table 115. Reaponse of wheat to phosphorus in New South Wales. Average results of 22 trials.
Superphosphate applied Aver. Yield Yield increase Reaponse r:tio
kg Pzﬂsfhu keg/ha kg/ha ke. erain/ke PEG5

0 k 1,701 — —

25 2,224 523 20.9

99 2,408 TOT Ts1

J

The experiments included also urea treatments but the average reaponae to urea was small (5 simi-=
ficant reaponses) compared to that of phosphorus (18 significant reaponses). The most economic rate
of superphosphate application varied largely with locations,the average being 180 ke/ha (36 ke P?aﬁfha}.

Because of the repeated applications of superphosphate to wheat crops in moat parts of southern
Australia for a long period, the residual phosphorus has become important in determining vield respon-
ses. In an experiment over a period of 26 yeara, approximately 56 percent of the response obtained
at 34 km"'hl superphoaphate application level was attributed to residual phosphorus. The corresponding
percentage at 67 and 101-135 kg/ha application levels were 71 and 61 reapectively (McClelland 1968).
On the basis of 102 "Rate of Superphosphate on Wheat" trials in the 12 to 20 inch rainfall areas of
Weat Australian wheatbelt in 1952-1966, Cox (1968) has estimated the requirement of superphosphate for
five main soil groups of the district in relation to previous superphosphate applications (Fig. 11).

The use of semi-dwarf varietiea in Australian wheat breeding programmes is increasing as high=
¥ielding types with good grain quality become available. In comparison with representative Australian
varieties Heron and Olympic the semi-dwarf varieties Mexico 120 and Chile IB yielded somewhat more
frltn huté’cl;iﬂ was no difference between the responses of the four varieties to nitrogen fertiliszer

Syme 1967).
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cereal crope on five soils (Cox 1968).

BB. New Zealand

Wheat is the principal cereal crop in New Zealand where it was grown on 81,000 hectares in 1966

covering about 60 percent of its cereal area and 10 percent of the arable land.

ge in production New Zealand has become self-gpufficient in wheat.

to 10%kg grain
pectively (Int. Wheat Couneil

1968),

Because of the increa-
In 1966 the production corresponded
per capita and the food consumption of wheat was 84 kilograms in terms of flour res-

Table 116. Area, production and yield of wheat, and fertilizer use — New Zealand.
Periods Wheat Wheat Aver. nat. Uge of fertilizers
and Area production yield 2 kn{nrnhll hectare
chanpe {1000 ha) (1000 toms) (kg/ha) N rzn,j. “zﬁ Total
1948-52 51 139 2,730 2 167 9 178
196266 B1 256 1,160 7 i7é 102 485
Tner. (+) o + 10 + 117 + 430 +5 +209 + 93 + 307
deer. (=)

Annual wheat oroduction increased by R4 percent from 1948-52 to 1962-66.
increace was due to an enlarred wheat rrowing area and 26 percent due to increased national yield.

Abcut T4 percent of the

hirhest annual production, 292,000 tons, was obtained in 1966 corresponding to an average yield of 1610
kr/ha, which was the fourth hiphest in the world.

The total use of commercinl fertilizers, 485 kiloprams of nutrients ner arable hectare, was the
third hirhest in the world after the Netherlands and Belmium (584 and 490 kr/ha respectively). There



are, however, essential differences in the proportion of various fertilizers used in different coun-
tries (Table 119). New Zealand is the greatest consumer of phomphatic fertilizers (mainly superphos-
phntc} using 176 kg P O. per hectare which is more than twice the amount used by any cther countiry and
40 times the world average. Alsc high doses of potassium (aver. 107 kg/ha) are characteristic of New
Zealand's agriculture, while only 7 kg N/ha (less than world average, 11 kg/ha) were used. An appa-
rent compensation for the low nitrogen doses is obtained from the general inclusion of nitrogen fixing
clover pastures in rotatiom which was typical also for Australia. Further, it is apparent that con-
giderably more nitrogen fertilizer than the averape use per arable hectare has been used for wheat and
correspondingly less for pastures where the nitrogen requirement can be met essentially by nitrogen
fixation. New Zealand's phosphate fertilizer nroduction meets the consumption but fertilizers contain-
ing the other two nutrients have to be imported. The response of average national wheat yield to in-
creased use of fertilizers is very low (Fig. 37) as can be expected in a country where high doses of
fertiligeras have already been used and hipgh vields obtained.

A larre number of trials has heen carried out to find out the best rate of fertilizer for wheat.
On most wheat moils of North Island, tke biprest increase in vierld is penerally to the first hundred-
weirkt per acre (175 ke/ha) of supermhosrhate. On low-fertility paddocks twice thet amount mav be ne=
cessary, but seldor more, Trials with rotash ard nitrogen in the forms of sulnhate of ammonia or mi-
trolime, have shown little effect on wheat wields even on 80ik known to resapond to potash when in pas-
ture (McEwan and Rurgess 1947,

The fertilize= trials with wirter wheat in Vorth Otaro {Dougles  1968) showed an overall averasoe
vield increase of three bushels/acre (about 200 ke'ha) to one cwt. of sunerchosphate per acre during
the neriod 1930-1950. Since then the situation has changed in the 1950-19f% peried the corresponding
averase incresge in vield was only half a buskel to the mcre {34 kp'ha). This can be exnlained by the
freater uee of phosphate fertilizers on pasture in recent yvears, leading to & build-up of soil phospha-
te sufficient to support autumn-sown wheat without additional fertilizer. Tn some trials, however,
200-340 kp/ha vield reepormes to 175 kp/ha of gunerphosnhate were obtained, especially when a wheat
erop was sown in soil ploughed from unfertilized pasture.

In the same area nitrogen fertilizers showed significant responsee in seven out of 18 trials du-
ring the 1930-1950 period and in five out of 21 trials in 1950-1965. Resnonse to nitrogen is most
likely to be attained where some fertility depletion has taken place with successive crops of wheat
or where autumn sown wheat shows "spring yellows" evmptong of nitrogen deficiency. Yield increases
of one to three bushels wheat per acre (67 = 202 kg/ha) would be reguired to cover the cost of one
ewt. per acre {126 kg/ha) (Table 117).

Table 117. Approximate marginal wheat yield increases® to cover the coste of fertilizers
{Douglas 1968).

Peptilizer Gost of gertiliser of annYi:%‘.i :‘:\::T::e:ﬂ zivzzecz:tfertl lizemn
per cwt. (51 kg) [ (per ke) bushel (27 kg) ke
Superphosphate 1.15 0.0213 1 *
Amm. sulphate’ 2.78 0.055
Fitrolime 1.12 0.061 e -h
{Harvesting costs not deducted)

#) 1 bushel wheat = $1.45; 1 kg wheat = £0.054

The few trials with gypaum, lime, molvbdenum and manganese indicate that these are not beneficial
in most circumstances.



V. WHEAT YIELDS IN HRELATION TQ USE OF FERTILIZERS

V. a. Regional yields and fertilizer use

The world consumption of commercial fertilizers was over three times greater in 1966 than in
1948-52. The regional development of fertilizer consumption is illustrated in Fig. 14,A. During the
given period the greatest increase, 79 kilograms per arable hectare, tock place in Europe. The corres-
ponding figures for other regions were: WNorth America 39, Oceania 27, USSR 21, Latin America 14,
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Figure i14. Development of wheat yields and consumption of commercial fertilizera in different regions

of the world.

x) Five-year average.

Far East 14, Near East 8 and Africa 3} kgfh;. In spite of a more rapid relative increase in fertilizer
use in developing than in mest of the developed regions,the changes have led to increased differences
between the developed and developing regiona. A similar tendency can also be seen in the development
of average regional wheat yields (Pie. i4, B). The higheat yields were obtained in Eurcpe and the low-
est in Africa. In 1948-52 the Furopean yields were about two and a half times as high as those in Af-



rica. Since then the difference has increased and in 1962-66 the average wheat yields per hectare
harvested in Europe were more than three times those in Africa.

The annual variation of wheat yields in different regions had relatively little influence on the
average wheat vield of the whole world. For example, the low yields in Europe and USSR in 1963 were
mostly compensated by relatively high yvields in North America and Oceania and the low ¥ields in Ocea-
nia, US5R, Latin America and Africa in 1965 were again compensated by the higher yields in other re—
Fions.

The resemblance of the curves showing the regional fertiliszer use and those of yields given in
Fig. 34 A and B is obvious. The relationship between these variables and their development is summa-
rized in Fig. 35, giving the figures for two five-year periods, 1948-52 and 1962-66,
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V. b. HNational yielde and fertilizer use

The relationships between national wheat yields and use of fertilizers are given in Fig. 38, whe=
re also the regressions for both pericds are shown:

Curve A (1948-52) ¢ Log Y = 2.9568 = 0.0891 Log X + 0.1285 (log I}E t Re 0,817, P= 41,87
Curve B (1962-66) ¢ Log Y = 1.0982 = 0.2059 Log X + 0.1485 (log I}E { Rm 0.B0, F = 41,1%ss

where ¥ = wheat yield (kg/ha) and X = use of fertilizers (kg/ha).
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Figure 16. Relationship between wheat yields and fertilization level during the five-year periocds of
19d3—52}{1u&ar end of each line, and eurve A) and 1962-66 (upper end of the line and
curve B).
2 Austria, 3 Belgium, 4 Bulgaria, 5 Czechoslovakia, & Dermark, 7 Finland, B France,
9 Germany, Fastern, 10 OGermany, Fed. Rep., 11 Greece, 12 Hunzary, 13 Ireland, 14 Tta-
ly, 15 Luxembourg, 17 Netherlands, 18 Norway, 19 Poland, 20 Portugal, 21 Romania,
22 Spain, 23 Sweden, 24 Switzerland, 25 United Kingdom, 256 Yugoslavia, 27 USSR, 28 Ca-
nada, 29 Guatemala, 31 Mexico, 32 USA, 33 Argentina, 35 Brarzil, 16 Chile, 37 Colom=
bia, 38 Ecuador, 40 Peru, 41 Uruzuay, 46 China, Taiwan, 47 Cyprus, 51 Tsrael, 52 Ja~-
pan, 55 Korea, Rep., 56 Lebanon, 59 Kenya, 74 South Africa, 78 UAR, 86 Zambia, &7
Australia, 88 Wew Zealand.

A limitation of these regreassions is that data of fertilizer consumption ner arable hectare are
used inatead of data of fertilizer use per wheat heetare, which were not available. However, the dif-
ference hetween the use of fertilizers for various crops within individual countries im coneidered ve-
rv small in comparison to fertilimer use in different countriss varving from -2 to over 500 kilograms

per hectare.

Tt must also be underatood that fertilizers alene are not responaible for the total increase in
yield but their eonsumotion per arable hectare is evidently a reliahle index of the axtent to which mo-
dern agricultural methods kave been adopted. Similarly, wheat yields in the correlations miven above
can be considered as indexes of the level of productivity and its development in individual countriea.

In spite of these limitations the simificanne of the porralations betwssn tha two varighles aras
congiderably high., On a world=wide basis, representing a full ranma of climatic, s0il and othar envie
rormental factors these correlations may provide halpful general infeormation in eatimating the contri-



bution of fertilizers to increasing crop production and give a general picture of the quantity of far—
tilizer required to attain or maintain a desired level of production.

However, comparisons of the general data on a country basis presented in this chapter with results
obtained from individual fertilizer trials in different countries given in Chapter IV, are essential

to obtain a more detailed and reliable picture of the response of wheat to fertilizers in different
conditions,.

It can be seen from Figure 36 that all 48 countries have used more fertilizers during the latter
period, have also attained higher wheat yields, and thus have moved more or less in parallel up the
curves, The close relationship between the two regressions calculated on the basis of data from the
two five-year periods, 1948-52 and 1962-6f8, should be noted. The nosition of some countries are rela-
tively distant from the regression lines, and the alopes of some country lines differ from thome of the
general regression lines. For example, in Denmark the yields have been considerably higher than in o=
ther countries on the corresponding level of commercial fertilizer consumption. One of the reasons is
that Tenmark is a dairy country and besides using advanced methods of farming brings about equal amounts
of nutrients into the soil in farmyard manure as in commercial fertilizers (Landbrugsraadet 1967), The
exceptionally high increase of wheat yields in Mexico is mainly a result of balanced use of fertilizers,
improvement in soil-water manamement, and adoption of new high yielding wheat varieties. The diversence of
other countries from the curve is due to exceptional climatic, soil or other environmental conditions.



V. c. National responses of wheat to fertilizers

The general pattern of the regression lines in Figure 36 indicates the effect of the law of dimi-—
nishing returns. This can be seen more clearly from Figure 37 where the response of wheat to fertili-
zers is plotted against the fertilization level in individual countries. An example: In France an
average of 51 kg nutrients per arable hectare were annually applied in 1948-52 and 147 kg/ha in 1962-66,
increase 96 kg/ha (see X-coordinate). Simultaneocusly the national wheat yield increased from 1,830 to
3,010 kg/ha or by 1,180 kg/ha. The increases in yield and in fertilization level thus correspond to a
response ratio of 1,180/96 = 12 kg wheat/kg fertilizer nutrients (see Y-coordinate).

Response rallo

a0 Mo
Fertilizotion  level (kg M+ PyOy + KyO/arable ha)

Pipyre 17. Chanros of fertilization levels in 43 countries from the five-year period 1948-52 (Lower
. end of liner) to neriod 1962-66 (0 and X-coordinate) and the response of wheat to 1ncreaﬁnd

fertilization (0 and Y-cnordinate). The resression curve indicates the overall relation
between the resnonse ratio and fertilization levels. ‘
? Australia, ? Belpsium, 4 Bulraria, © Czechoslovakia, 6 Denmark, 7 Finland, 8 France,
9 Germany, Fastern, 10 Germany, Fed. Rep., 11 Greece, 12 Hunrary, 13 Irelan@, 14 Ita?y,
15 Luxembourg, 17 “etherlands, 18 Morwav, 19 Polard, 20 Portvral, 2?1 Romania, 22 Snain,
21 Sveden, 2/ Switzerland, ?5 United Yinpdom, ?6 Yugoslavia, 27 USSR, ?°8 Csnadg, 29
Guntemala, 32 Imited States, 36 Chile, 27 Colombia, 40 Perm, 41 Urumuav, 46 China,
Taiwan, A7 Gvprus, 51 Israel, 52 Japan, 55 Korea, Rep., 56 Lebanon, 59 ¥enva, 74 Sovth
pfrien, 78 UMP, RA  Zambia, 87 Australia, 88 Pew Zealand.

It must be understood that beside fertilizers other input factors, such as improved cultivation
methods, increased pest, disease and weed control, more responsive varieties etc. have_affected‘the
response ratio. The given ratio, therefore, includes also the effects of improvement in these input
factors, the extent of which, however, is difficult to cquantify.

The rerression line
Lor Y = 0.9706 + 0.4478 Lop X = 0.2302 (Log X)°; R = 0.63; F = 13,2%ks

whore Y = the resnonse ratio (kg wheat/kp fertilizer nutrients)
and X = fertilization level (kr/arable ha)

indicatec the response ratio as a function of fertilization level, based on ngtiona] yielg responses to
increased fertilization from the five year period 1945-52 to that of 1962-66 in 43 countries.



The reeression shows considerably higher potential of response in countries of low fertilization
level (mainly developing countriea) than in those already using heavy doaes of fertilizers. Purther,
the regression line gives the response level at various fertilizer use levels in averase environmental
conditions. Deviation of an indiwvidual country from thie line may he due to resource or natural fac-
tors such as soil and climatic conditions. Howevar; for many countries the input factors mentioned
above and the extent of their imorovement between the two periods may be more important than resource
factora in determining the resvonse and thus, the position of a country in relation to the regression
line. These factors are discussed in Chapter IIT and IV.

The regression curve enables one to make theoretical caleculations of the response to be sxpected
in a country on a certain level of fertilizer use. For example, if a country using now 20 ke fertili-
zera ner hectare is planning to ingrease its fertilizer consumptionm to 60, 100 ar 150 ke/ha, the reo-
nonae likely to he obtained from this increase would be 11, 9 or 7 kg wheat ner kg fertilizers, res-—
nectively,in average environmental conditions.

The alopea of the country lines in Figure 37 also contribute to an estimation of diverrence from
average conditions.

The relationahip between response ratio and yield level {Fig. 3R) is similar to the relatieonship
between response ratio and fertilization level, even though the correlation remains at a lower level
of ainificance. The regression curve shows that the average potential of response is conmiderably
higher in countries where the yield level is low {mostly developing countriea) than in countries al-
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Figure 38. Relationship between response ratio (ke Hhaa.t,f’kg fertilizer nutrient) and the level of
wheat yield. Resreasion is based on national yields (1948-52) in 43 countries and on
increases in vield/fertilizer use from 104F-52 to 1962-66,

ready harvesting high yields. For example, countries with national wheat vields at TS0=1000 kg/ha le—
vel are likely to obtain an average yield increase of 12 to 10 k¢ for each additional kilosram of
fertilizer nutrients applied per hectare, while in eountries with national wields of 7,500 ke/ha or
more the reaponse would only eonaist of half that amount.



V. d, Wheat and fertilizer use in relation to soil nutrient balance
in different world regions

Fertilizer application and nutrient removal by crops are only two factors affecting the nutrient
balance of soils. The extent of the effects of these, however, is possible to quantify with more
accuracy than that of most other Factors such as various chemical and physical processes in soil
releasing or fixing nutrients, nitrogen fixation from air, leaching, erosion, flooding, etc.

The amounts of nutrients removed from the soil by eight commonly grown crops are compared in
Table 118,

Table 118, Removal of nutrients from soil by eight commonly grown crops. Average data from different
sources {1] are used and converted to correspond to world average crop yields in 1962-66

World average Mutrients removed {2}
Crop ledx ;::hl 962-66 ] PEDS !Eﬂ ——
n xg/ha kg/ha kg/ha kg/ha
Wheat 1265 grain i3 19 26 78
QOats 1496 " 37 16 27 8o
Barley 1528 " i9 16 16 9l
Rice 2036 . i3 13 a5 ) 8
Potatoes 12100 tubers 45 18 70 133
Soybeans (3) 1166 grain 77 30 34 141
Maize 2212 b 63 33 71 167
Sugarbeets 24240 roots 94 47 148 289

1) Sources: Bear 1965, Ignatieff and Page 1958, Russell 1961, Shell 1960,

2) For grain crops both grain and straw, for potatoes only tubers, and for sugarbeets both
roots and tops are included.

3) Legume crops may obtain all their nitrogen requirements, through N fixation from the air.

Even though wheat is a crop which removes relatively small amounts of nutrients from soil in
comparison to other crops, its extensive cultivation area (15 percent of the world's total arable area)
increases its importance in relation to other crops.

There are considerable differences in regional wheat yields and consequently in the amounts of
nutrients removed by wheat in different world regions, Since there is a strong correlation between
the yields and Fertilizer use, these two factors compensate each other to a large extent. An
estimation of the effects of these single factors and their combined effect on the nutrient balance
of soil is shown in Figure 39,

Following aspects concerning the data presented in Fig- 39 should be noted:

= the general purpose of the estimation is to show some relative differences between the
seven world regions.

= for nutrients applied in mineral fertilizers and removed by wheat, PAD data and average
data from sources given in Table 118 are used,

- all nutrients in wheat grain are assumed to be removed from the soil,

- no attempt is made to estimate the effects of different straw management practices (burning,
ploughing in, use for animal bedding, Ffeeding, etc.) on the nutrient balance, Instead, two
balances (with and without removal of nutrients in straw) are given;

= nutrients applied into soil in Farmyard manure and through nitrogen fixation from air are
excluded,
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Figure ¥9. An estimation of “the effects of annual fertilizer application and of nutrient removal by
wheat yieldson the nutrient balance of moil in different world regions. Balance I im cal-
culated assuming the nutriente in both grain and straw to be removed from the soil. In
balance IT the nutrients in straw are aspumed to remain in the pcil. The estimation is
based on data on average regional fertilizer consumption and average regicnal wheat yields

in 1962-66. Por sources of nutrient removal, see Table 118 (P and refer to P205 and KEG}'

The balances are in general more positive (or less negative) in the developed than in developing
regions in spite of the higher yields accompanied by heavier removal of nutrients in the farmer regions.
An exception to.this general trend, is the strongly negative nitrogen balance in Oceania. Thias balance,
however, may be the most mimleading one among the balances given, because an apparent compensation for
the low nitrogen fertilizer use in Australia and New Zealand is obtained from the general inclumion of
nitrogen fixing clover pastures in rotations.

The exclusion of the effect of farmvard manure on the nutrient balance ig not only because of lack
of reliable data on total manure production in different regions but mainly because of difficulties in
estimating how much of the produced manure would be applied to the arable land and how =ueh nutriente
are lost throush bad manure handling, through sanure use as fuel ete. It is apoarent, however, that
the difference between developed and developing resions would increase if the effect of =manure on soil
nutrient balance is taken into account.

A rourh example: it could be estimated om the basie of averare nutrient content of manure of dif-
ferent domestic animals, annual manure production per animal and pumber of various domestic animals
(Pnaminrer 1055, FAO 1067, a) that the tota)l manure production of Eurone weuld correspond to about
S0=f0 ke N, 20-25 ke P '}5 and 40=50 kr K?D per arable hectare. For Afriea the Tipures would be only
about one third of thoke or 15=25, 5-10 and 17=18 ke/ha, respectivelv, Purther, if estimated that in
Buronean conditions of intensive arriculture 10=80 percent of the total of nutrierts in manure would
reach the arable fields, for Africa the respestive estimation would hardly exceed 5-10 percent. Thus,
the contribution of the nutrients in manure to the nutrient balanee of moil would be substantial in Su-
rone while in Africa it would be rather nepligible, and thus the difference between the Furopean and
Africhn soil nutrient balancen (Pig. 39) would considerably increase for the benefit of Europe.



Y. e, Mutual ratins of nutrients in feartilizer use

The data of fertilizer use gFiven above relate mostly to the total consumntion of the three main
nutrients N, P,O_ and K_.0 per arable hectare. However, there are considerable differences in the ra-
tiom in which ;hZBe nutrients have heen applied to soil in different countries. Most of these diffe=
rences are due to dissimilarities in the nutrient remuirement of soils established by extensive farti-
lizer trials, chemical analyses and experience. In some cases, however, secondary or ciroumstantial
factoras ineluding the nroduction, trade, transportation and orice of fertilizers, may make certain fer-
tilizers more abundantly available for farmers than the others, and thus affect the choice of fertili-
gera to be used. Tnademiate knowledge of farmers combined with insufficient extension work or lack of
cooperation between agricultural experts and nersons responsible for the fertilizer trade may also be
the cause of unbalanced use of fertiligers.

The ratios (N: P?DS : E.0) in which the nutrients were used in different countries and regions in
1948-52 and 1962-66 are given in Table 119,

In meneral, a trend of inereasing use of nitrosen is abvious in mnst countries as aslo indicated
by the change of world averape Tatio of W 1 P.O_ 2 K0 from 1 7 1.4 : 1.0 in 194852 tn 1 = 0.8 : 0.7
in 19A47=fA. A similar tendenecy is true for dgfﬁereng remiong except far South America, Oceania and
Asia, where the relative use of potassium as compared to the other two nutrients was increased.

In apite of the considerable guantitative increase in the world's total use of FFO from about
G.1.%to 13,3 million metric tons or from 4.2 +o 9.3 kilograms per arable hectars, itsa fe?ative b rlsle] o
tion in fertilizer consumption has essentially deecreased. The corresoonding fipures of the ather two
nutrients ¥ and KEO for the neriods mentioned above increased from 3.0 to 11.0 and 3.1 to 7.7 kr/ha,
respectively.

The ratic betwaen the three nutrients varies considerably from one rcountry to annther even though
a trend toward narrower ratios from the former to the latter period can be noticed. For example, the
number of countries (Table 119) using at least 50 percent more PPD than N was 76 in 1948-52 and enly
14 in 1962-66. Correspondingly, 14 eountries consumed over 50 pércent more ¥.0 than N in 19A8-52 and
only 6 countries in 1962-66. To what extent this kind of development can be gonaidered a sign toward
"balanced use of fertilizers" cannot be stated because the conception of balanced use of fertilizers
cannot be uniformly defined and may vary from one location to another according to nutrient resocurces
of goils and elimatic mnd envirocnmental conditions. In maddition, input factora like nrevioua history
of fertilizer use, adoption of rotations with nitrogen fixine legumes (e.g. in Australia and New Fea-
land) may have an effect on the remuirement of various nutrients. From the peneral point of view, all
the nutrients taken from soil by ecrops should be replaced, and those nutrients limiting the gTOHtA
should be applied in excess to improve the soils. Balanced use of fertilizers,therefore,involves the
aprlication of all three main nutriente in a ratio which may vary from time tao time, but in the long
run results in a balance related to that of crop requirement. FPFactors like leaching and fization of
nutrients, besides repeated fertilizer trials, have to be taken into account in estimating the best
use of fertilizers. More attention should also be paid to the accelerated removal of secondary and
trace nutrient by increased yields in order to avoid the exhaustion of scils of these nutrients.

The ratios given in Table 119, especially if divergent from those of other countries with similar

conditions and higher yvields, may suggest to the asricultural scientists concerned the need for further
studies.

Considerable changes have taken place, not only in the relative consumption of various nutrients,
but alsc in the forma of fertilizers in which the nutrients have been applied to the soil. Especially
the trend toward more concentrated products has been marked. FAOQ data on the forms of nitrosenous and
phosnphate fertilizers oroduction (Cooke 1969) show this meneral trend (Table 120).



Takls 110,

CONTRIES AND AFGTONS 0F THE WOSLD (N - 1)

RELAYIVE CONSUNPTION OF THF THRFF. MATN WUTRIFNTS TN DTFPFRENT

Country and Pegion 4A52 patis 266 Country and Femion 194°_52 Mtin  1062-66 Country and Region Y 2 Batie _66
NTPOt K0 TP K0 n:"ﬁ;a;_:t,o LR Xl X l:-g,gsul.‘,o LRI P
Albania - - - 1 1.9 0.5 Canada 1 - T P 1 1.6 0.7 Burma 1 1.0 - 1 G.2 -
Austria LI 1 1.2 1 1.5 1.8 Ouatemala 1 1.1 0.A 1 0.6 0.} China (Tatwan) 1 0.3 0.1 1 03 0.}
Belrium 1 1.5 1 0.9 1.2| Honduras 1 1.8 0.2 1 0.1 00 Cyprus 1 2.8 0. 1 0.8 0.2
Bulgaria T 0.2 0.0 1 0.7 0.0]| Werico 1 0.9 0.2 1 0.3 0.0 India 1 0.2 0.1 1 0.3 0.1
Caechoslovakia 1 1.2 1.5 1 1.0 1.4 Usa 1 1.7 10 1 0.8 0.6 Tran - - - 1 0.7 0.1
Devmark 1 1.3 1.7 T 0.7 1.0 Trag - - - 1 0.3 0.1
Pinland 1 3.6 1.8 1 1.4 1.1 W and C, America (aw)t . B e 1 o.R 0.6 Tarael 1 1.2 0.} 1 0.5 0.1
Prance 1 1.6 1.4 1 1.5 1.1 Armasting 1 0.9 008 P 0 0.7 Japan 1 0.6 0.4 1 0.7 0.8
East ﬂorrlny 1 0.4 2.0 108 LS| e _ B _ i Vo B Jordan 10y - 1 0.8 1.2
Ped. Rep. Oermany 1 1.1 1.8 L I ) T 1 VoS 14 Xorea, Rep. 1 0.3 0.1 1 0.6 0.2
Oreece 1 0.8 0.2 1 0.8 0.1 Chile f 1.9 0.3 ’ 1.8 0.4 Lebanon 1 0.5 0.8 1 0.7 0.2
Mungary 1 83 o7 V0.6 0.3 pssambia 1 2.2 1.8 1 1.0 0.8 Pakisten = 5 = 161 00
Treland 1 5.4 2.2 1 .2 2.6 Equador 1 L5 0.5 1 Vo oiE Syria 1 0.} 0.1 1 0.4 0.1
Ttaly 1 19 0.2 10 o, v ok ot T Turkey 1 0.7 0.3 1 Lo 0.0
Lorshbourg 1 1.6 1.1 1 .1 1.2 Uruguay 1 .8 0.5 1 2.1 0.5 Asia !‘“Eﬁ!) i 0.5 0.2 1 0. 0.
Retherlanda 1 o8 1o V04 0y mela 1 0.4 0.6 1 0.3 0.4 Algeria 1 %0 1.8 1 L2 0.9
Norway 1 14 1.4 1 0.8 0.9 Kenya 11,8 0.3 1 1.0 0.1
Poland 1 1o 1.8 1 0.8 1.1]8. America (aw) 1 1.0 0.4 1 1.0 0.6 Nali _ _ _ 15 s
Partugal L L e H0e2 Woreceo 155 2.5 1 k108
Romanin 1 0.6 0.7 1 0.8 0.1] Australia 1 0.9 0.5 1 1.3 1o Nosanbiips 1 0.3 0.1 1 0.2 0.4
Spain 1 1.9 0.5 1 0.9 0.3 | New Zealand 1 107.4 5.7 1 56.9 15.4 South Africa 9.2 0.6 1 1.7 0.7
Sweden 1 1.6 0.9 1 0.8 0.7 Sudan - . _ 1 0.0 0.2
Swi teeriand 1.9 1.8 1 2.0 2.7 | Oceania (av) 1 2A.R 0.9 1 1A 201 Tanganyika 1 0.3 0.8 ' 0.3 0.6
Wiy ki apdom v A%E Lo L Tunisia 133 T 1 2.3 0.5
Topontavie 1 L4 05 1ol 108 UAR 1 0.2 0.0 1 02 o0
Burone (averars) 1 1.3 1.3 1 0.9 0.9 Znmbia 1 0.4 0.1 1 0.5 0.5
nqse 1 1,= 1.5 1 0.7 0.8 | World (aw) 1 1.4 1.0 1 0.8 0.7 Afriea (averam) 1 1.4 0.3 1 0.6 0.3




Table 120. Changee in forme of nitrogencus and phosphate fertilizera produced.

Forma of Fertilizers Percentagm of world total
1952/53  1959/60  1966/67

Nitrogenous fertilizers:
Ammenium sulphate 32 26 17
Ammonium nitrate 22 28 27
Sodium nitrate 5 2 -
Caleium nitrate 6 4 2
Calcium cyanamide 6 3 2
Urea - - 13
(ther forms solid i 18 17
Solutiona 13 18 21

Fhosphate fertilizers:
Single superphosphate &4 51 42
Concentrated sunernhosphate 9 14 16
Basic slag 13 16 B
Other products (*) 13 19 34

(*) Ineludes "other phosphate fertilizers", "ecomplex fertiliszers™ and "organics".

Ammonium sulphate, which in early fifties was the moet used nitrogenous fertiliszer comprising one
third of the total of nitrogenous fertilizers, makes only one sixth of the total in 1966/67. This
trend can be considered Tavourable, for it is a dilute fertiliger increasing the acidity of soile more
than most other nitrogenous fertilizera. Ammonium nitrate has maintained its position, but urea, which
i® much more concentrated than ammonium nitrate, has emerged as an important fertiliszer with an eighth
of the total production. The production of liguid fertilizera, mainly anhydrous and agqueocus ammonia,
has increased to one fifth of the total W-fertilizer production, even though the use of these materials
is limited to a few countries.

Changes to more concentrated fertilizers can be noted alaso in the diminished importance of single
guparphosphate and basic slag and in the increased production of concentrated superchosphate and "bther
products". The latter were not specified but are believed to consist mainly of ammonium phosphates,
which are concentrated and versatile ingredients of compound fertilizera.

Most of the world's potassium fertilizers are supplied as potassium chloride (607 KEG} and change
from this form is not likely for the sake of concentration (Cocke 1969).

The development toward more concentrated fertilizers is highly desirable especially from the peoint

of view of developing countries, where the costs of fertilizer transportation are often unduly high
because of difficult transport situation.

In the future, fertilizers with new dimensions, including trace elements, are needed to match the
new developments in agriculture that have already raised potential yields greatly (Coocke 1969). Fur-
ther advances are inevitable as better varieties are obtained, as more pests, diseases and weeds are
controlled, and new methods of cultivation are developed.
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