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Section 1

INTRODUCTION



THE PLACE OF SOIL MICROBIOLOGY IN AGRICULTURE

According to the best estimates, it took from the beginning of time until about the
year 1830 A.D. for the human population in the world to reach the 1,000 million mark. It
took only 100 years more to multiply to 2,000 million. By the year 2,000, the prediction
is that there will be six and & gquarter thousand million inhabitants on the earth. These
people will have to be fed.

While research may hasten the advent of synthetic food manufacture or the use of new
methods such as algae culture, the production of food will be chiefly dependent on the
soil and the farmer who tills it. ©Soil, therefore, is a necessary and increasingly
valuable rescurce of mankind. We can no longer afford to waste its fertility, but must
apply all our knowledge to preserve its productivity. Soil, according to a simple
definition, is that part of the earth's surface which is changed by climate and
vegetation. It can aleo be defined as a bioc-organic—mineral complex of the locse
surface layer of the earth's crust. The mineral and organic part of secil are easily
seen and familiar to all, if for no other reason than that they are easily seen. The

bio-part of soil, except for some larger forms of life, is not visible to the naked eye
and thus is relatively unlmown.

Soil microbiology is the science that deals with the millions of wery small forms of
life found in the sBoil. Cme ordinary teaspoonful of fertile moist soil containa more
living micro-organizms than there are people in the world i.e. more than 2,000 milliom.
Another way of saying this is to state that one hectare/foot (one hectare to 'a depth of
30 om) contains between 2 and 10 metric tons of living micro-arganisms. This soil
population consists mainly of bacteria, actinomycetes, fungi, protozoa and algae.
Individually these creatures range in size from the barely wvisible, to forms that can
cnly be seen with the microscope. Soil microwrganiems are in a constant struggle for
existence, not as chance inhabitantis of the socil, but as a basic part of it. Without
micro-arganisms soil would be an inactive geological mass incapable of supporting plant
life, and without plant life, animal life would not be possible.

Soil microbes have some amazing characteristics not common to the higher forms of life.
First among these is their widespread nature. The majority of forms are found generally
all over the earth. In some places they may be inactive because of climatic conditions,
but with slight adjustments in temperature, moisture and organic matter content, even
the soils of the frozen tundra or the hottest desert quickly contain much microscopic
life. Another feature of 80il microbes is their diversity. They live and carry on
their life processes in temperatures ranging from Jjust above the freezing point to owver
60°C. They live in the moisture contained in the soil pores. Severe drying reduces
their numbers and activity, but does not completely eliminate them. Many forms have the
ability to enter a stage where they are not active during severe conditions. The
population may be rcduced, but when conditions become favorable the normal numbers are
quickly restored. Most forms, especially among the bacteria, have marvellous
adaptability; they can adjust themselves relatively quickly and permanently to new
conditions.

To understand the importance of soil micrm-arganisms one must realize that one of their
main activities in nature is breaking down complex organic matter into simple chemical
compounds., Life is divided roughly into plants and animals, and most soil microorganisms
occupy an interuwediate position between these two groups. Plante use esimple mineral
compounds plus carbon-dicxide from the air and energy from sunlight to manufacture
proteine, carbohydrates and fats. Animals use these complex compounde or other animals
for food materiale. With the exception of tbhat used for focd and destroyed otherwiee,
organic matter eventually is returned to the soil where it is decomposed by so0il micro-
organisms. Thus, there is an endless cycle of synthesis and destruction, but a dynanic
equilibrium is maintained with soil micro-aguniems continually breaking down the orgunic
matter built up by living eystems.



Another limportant role of certain esoil micro—arganisms is their ability to use (or
"fix") atmospheric nitrogen. The atmosphere above each acre of soil contains about 35,000
tons, or 70,000 pounds, of free nitrogen. Except for the nitrogen used in making
chemical fertilizers and the small amounte fixed by electrical storms, only certain
soil microorganiems and certain algae have the ability to use this potential reserve
end put it into & form available to planie. According to a survey made in the United
States of America in 1953, 2.1 million metric tons of nitrogen are fixed from the air
annually by legume bacteria.

5till another example of a vital part played by soil micro-arganisms is the return of
carbon-dioxide to the atmosphere. As noted before, chlorophyll-bearing plants using
energy from sunlight convert atmospheric carbon-dioxide, water and simple mineral
nutrients into complex carbobydrates, proteins and fats. The atmosphere contains
2,159 million kilograms of carbon-dioxide. The wegetation of the whole earth is
estimated to require an annual supply of 90,000 million kilograms of COp. Thus, if the COp of
the atmosphere were not replenished it would be exhausted in about 30 years. Soil mioro-
crganisme are one of the major agente of replacement. They decompose organio matter
into eimple mineral compounds, water and carbon-dioxide, releasing the COp to the
atmosphere where plants use it again. In general one hectare plow layer of soil of
average fertility liberates 15 tons of CO2 during the growing season in temperate zones.
Thie same volume is required by cultivated plants to produce 50 tons of green vegetable
matter. Soil micro-arganisme generating CO, moreover help to make mineral nutrients
avallable. Carbonic acid formed from water and CO, diesolves new supplies of soil
minerals.

Depending on local conditionse, soll micro-organisms are responsible for inoreases and
decreases in the availability of plant nutriente. Certainly when large anouwnts of mature
cereal strawe are returned to the soil, microarganisms use nitrogen and other nutrients
during the initial decomposition process, leaving little or none for plant use. This
is a temporary condition but if it happens at a orucial stage of orop growth, the plants
will be starved for nitrogen and yields will be reduced.

Soil micro—rganisms in the rhizosphere (the soil in intimate contact with plant roots)
appear to influence the plant in many ways that are not well understood. It is knowm
"that microbiological activity is greater in the rhizosphere than in the adjacent soil.
In ecme epecies of plantes this activity ie greater in the diseased plants than healthy
p].l-'ht!-

Soil mioroorganisms often have important effects on soil structure. They may produce
chemical substances which bind soil particles together affecting soil permeability,
water holding capacity and tilth as well as retarding wind and water ercsion. This
effect is oclosely related to the decomposition of organio matter in soils because the
nuzber of microorganisms in soil is directly dependent on the presence of organio
matter. Socils in a good physical condition generally are associated with large numbers
of miom-organisms.

The evolution of soil microbiology dates only from the mid-nineteenth century. To some
extent it has been the step-child of soil science. 3Because of the nature of the subject,
it ie little understood by the soil husbaendry-man. Attention to soil microblology has
8e0ldom been plannod in a national way; instead development has been the result of the
interest and work of a few dedicated scientiets. Most of our soil microbiclogical
knowledge has been developed in the temperate zones. Tropical areas have been badly
neglected. Many developing countries pay little attontion to the subject. However,
now that national planning is being applied to the soil resources of moot nations, soil
microblology should be included.

The tropical areas, in particular, require the development of soil microbiological
etudies and practices. In humid tropical areae many of the soil microbiclogical
processce are greatly accelerated. They go on continuously and are not halted by cold
winter pericde. Therefore, while the principles probably romain the same, the practices
developed in temperate zones cannot always be applied to the troples. The plant material



being returned to the soil differs for example. Moset importantly, building up of
organio matier is wery difficult in the troplos. Instead it is a question of the timing
of organic matter applications which needs to be determined.

Algae are capable of firing large amounts of nitrogen particularly under water—flooded
cropping such ae rice. Ways must be developed to harness this group of micro—arganiems
and take practical advantage of this waluable characteristic.

Hundreds of species of legumes flourish in the tropics but little is kmown of practical
ways to use the symbiotio nitrogen fixing bacteria with these plants. Concentrated and
prolonged research is required to determine the speciee of both legume and bacteria
that aot in symbicsis to fix the maximum amount of nitrogen annually.

These are some of the uses of soil microbiology and problems associated with them.
Every perscn concerned with agricultural orop production should insure that full use is
made of the benefits to be gained from proper management of soll micro—-arganiems. The
very basis of a fertile scil depends on these microscopic forme of life, and our faud
supplies are directly dependent on their activities.

The detection and isclation of soil micm-arganisma and the evaluation of their
phyeiological functions in relation to the soil economy constitute the major work of soil
miorobiclogists. To mssess the overall microbial activities in the soil, or to determine
the density of population of varicus miorobial groups involved in these activities, a
ounber of methods have been developed. Among these are:

1. The direct method - The examination of soil directly, under a microecope
by various techniques.

2. The dilution plate method = This is based on the assumption that each
living micm—arganism, when incubated on a suitable medium, will grow
into a colony wieible to the unaided eye.

3. The geasure of the by-products of microbial activity - Certain end products
of mierobial growth euch as carbon-dioxide, nitrate, or ammonia are
indicators of the extent and importance of micro-organisms in a soil system.

4. The measure of microbiological amctivity by the rate of disappearance
o dded to the soil - Use is made of oxygen uptake,

decompoeition of organic matter or the rate of destruction of some specifio
compound added to soil.

All methods have certain advantages and disadvantages. Those outlined in the
manual represent various experimental approaches to the more important aspects of the
subject matter of soil microbiology. The experimental approaches are simple, selected
and designed tc demcnsirate techniques and principles but not sdvanced research methods.
An agricultural scientist or a techniclian without formal training in the microbiclogy
of soils must be alert to the interesting and important facets of soil science exposed
in the methods. He must not be overly impressed with the fact that most of the methods
lack precision, and lack reproducibility. The eoil itself is exceedingly complex; the
dynamic and vastly complicated blological forms that colonize the soil are no less
complex, It is a small wonder that the methodology of soil microbioclogy is imperfect.
It is large wonder that organisms eo small can have so great an impact on all
properties of soil, including that of crop production.



The selection of soils for soil microbiology demonstrations should be approached
thoughtfully by the agricultural scientist who plans to apply the methods of this
manual. Soils that are of most interest to local problems will probably be most
instructive, even though their properties may not be the best to illustrate a particular
microbial group or process. When possible, local soils that differ in properties should
be included in the soil microbiclogy experiments. Information that is available on the
properties of the soils and their cropping histories contributes to the significance of
the experiments.

Composite samples from a soil plot, field, or special site, are more desirable than
a single sample. A olean trowel or shovel should be used to colleot each composite
sample. For most purposes the surface soil is sampled between O and 6 inches depth after
the uppermost centimeter or so is scraped away. Composite samples are combined in a
colleotion vessel.

The handling and storage of ecile for soil microbiology work involves one extremely
important precaution. Maintain the soil samples in a moist condition, and never allow
the soil to dry completely. If wet soil is collected allow it to dry at ambient
temperatures to a moist state so that it may be handled conveniently and will maintain
desirable physical features. Fresh soil samples may be sieved by passage through a
2-3 om mesh screen. Sieved soil samples are best stored in polyethylene plastic bags,
tightly closed to avoid drying. Such samples should not be refrigerated, but may be
stored at about field temperatures or slightly below. Soils high in fresh organic
residues should be used shortly after colleotion, and not stored.

RATORY FACILITIES FOR S0 CROBIO

Eince soil micrcbioclogy is important to agricultural production, it should be a
part of every soil research program with separate well-planned quarters if possible, and
with the basic equipment that is necessary for reliable accurate work. It should be
reasonably free from dust and other sources and contamination.

In planning a scil miercbioclegy laberatory, if resources are limited, it is good
economy to start with enmough space to permit later expansion and further acquisition of
equipment. Since a large amount of the equipment is also common to soil chemistry,
theaso two activities can adjoin each other and share certain facilities. 4 eoil
microbiology laboratory should have the following basic areas:

1. A soil preparation room where the moist soil samples are mixed, sieved,
and stored for future use or reference. This facility should be separate
from the main laboratory, but it should not become dusty.

2. A store room for storing chemicals, glassware and equipment.

3. A pain general laboratory work area, including microscope benches and
microscope storage facilities.

4« A sBeparate ventilated laboratory for striotly chemical determinations
equipped to handle corrosive fumes and solutionsa.

5. A relatively small airtight room for aseptic work with at least one
glass windowed working cabinet equipped with ultraviolet light.

6. Adequate steam, gas or electricity to operate an autoclave, and
eterilizing oven.

7. Refrigeration equipment for storage of cultures, media, and biological
sunplies.



There is no set floor plan for a soil microbiology laboratory but advice from an
experienced microbiologist would be helpful in the planning.

Cleanliness is very necessary to do high grade microbiological work, hence the
interior should be finished with materials that are smooth and easily cleanesd. The
floors should be free of cracks and hols. Spaces difficult to reach and clean should
be eliminated. The room chosen for aseptic work should be capable of being sealed off
with airtight windows and doors. Generally speaking, the strictly microbiclogiecal
working areas should be separated from the chemical work that is essential to many
microbiological determinationa.

Eventually, every soil microbiology laboratory should have greenhouse space. A
separate greenhouse is ideal but a section of an existing unit is satisfactory provided
it can be sealed off. Here again special precautions about cleanliness are essential,
especially if pure cultures are involved.



Section 2

THE SOIL POPULATION - ANIMALS AND ALGAE



METHOD 1
OCCURRENCE OF ARTHROPODS IN SOIL

The living portion of any soil includes small animals that spend all or part of
their existence in the soil. In some soils the numbers of such forms may be exceedingly
high and evidence of their presence is readily apparent. This is the case generally
in forest soils both temperate and tropie, in soils with rapidly decocmposing organic
matter, and in soils where arthropod mounds occur. The arthropods - springtails,
myriapods, collembola, termites, beetles, mites, ants, flies and many others - affect
the Boil environment in many ways. The organic matter they take in is partially
digested, mixed with the microflora of the gut, and expelled in greatly modified form.
Their action in feeding results in channels in the soil, mixing of the soil, formation
of aggregates, and physical transport of scil micro-arganisms.

One commonly used method for obtaining substantial numbers of small animals from
soil was described by Berlese in 1905. The method and apparatus, essentially as
desoribed by Berlese, are both simple and effective.

MATERIALE REQUIRED

Litter layer and forest soil with leaves, twigs, and partially decomposed
organic matter, freshly collected and not dried.

Wire screen, 6-8 mesh for funnel.

Ring stand and ring clamp.

Funnel, 15 cm diameter, 60 degree angle.

Lamp, 25-40 watt with reflector shade.

Ethanol, 70%.

Beaker, 50-100 ml.

EROCEDURE

1, Assemble the Berlese funnal
following Fig. 1

Light

Litter layer
Oon screen

Funnel

Collection
vessel

Ethanol




2. Flace the fresh forest litter on the screen within the funnel in a layer 3-4 cm
thick. Partially f£ill the beaker with 70% ethanol and place it beneath the stem of the
funnel to collect the epecimens. The stem of the funnel should not touch the aloohol.

3. Position the lamp above the litter layer and turn it on. Observe the heating
effect of the lamp carefully for several hours and adjust distance between the lamp and
litter as seems necessary. The lamp must not be so close that drying is so rapid as to
kill the animals or that the dried material might ignite; nor should the lamp be so far
above that the drying is inadequate to drive the specimens downward.

4. Operata the Berlese funnel for a period of 24-30 hours without disturbing the
80il. Examine the ocontents of the collecting vessel after this time, using a watch
glags or petri dish and a low power mieroscope. Sketch the specimens collected and
identify with the help of the key in the volume SOIL ZOOLOGY, D.K. Kevan, editor, 1955.

REFERENCES AND ADDITIONAL READING

Kevan, D.K. McE. (editor) 1955. SOIL ZOOLOGY. Academic Press, Inc., New York.
Kevan, D.K. McE. 1962. SOIL ANIMALS. Witherby, Ltd., London.
Kithnelt, W. 1961. SOIL BIOLOGY. Faber and Faber, London.

Murphy, P.W. (editor) 1962. PROGRESS IN SOIL ZOOLOGY. Butterworth, Inc., London.
Raw, F. 1961. The agricultural importance of the soil meso-fauna.

SOIL AND FERT;L%ZERS 241,
Van der Drift, V. 1963. The disappearance of litter in mull and mor in connection

with weather conditions and the activity of the macrofauna. In SOIL ORGANISHS
(Doeksen and Van der Drift, editors).North Holland Public Co., Amsterdam.

METHOD
NEMATODES IN SOIL

The round, non-segmented worms known as nematodes are found in scils wherever the
pore spaces are large enough, and wherever they find adequate moisture. The numbers
and varieties of nematodes are greatest in wel or moist soils of high organic content.
S0il forms are generally 0.5 to 2 mm in length, and concentrate in the vicinity of plant
roots. Many species are parasitic on plants so that considerable attention has been
directed to soil nematodes because of their economic importance. Free living forms are
common in the soil too, and these may feed on organic material or on soil bacteria and
fungi. The funnel method proposed by Baermann in 1917 is useful to extract nematodes
from soil to allow for their further examination (Oostenbrink, 1960).

MATERIALS REGUIRED

Soil samples, moist and freshly collected, sieved but not air dried
(organic or rhizosphere soil is best).

Wire screen sbout 1 mm mesh.

Hing clamps and stands.

Pinch clamps and rubber tubing.

Cheeseoloth.

Rubber bands or string.

Beakers, 50 ml.

Funnels, 15 em diameter, 60 degree angle.



ZFROCEDURE

l. BSet up an apparatus as illustrated in Fig. 2 below for each soil to be
testeds

Soil sample in
cheesecloth

Funnel

Screen support

Tubing

Pinch clamp

Collection vessel

Fig. 2

2+ Place 300=500 grame of soil in double thicknees of cheesecloth and tie it
elosed with string or mibber bands.

3. Position the bag of soil on a piece of screen about halfway down the taper of
the funnel, with the tied part of the bag on top. Close off the tubing attached to the
funnel stem by means of the pinch olamp. Add water to the funnel, lifting the soil as
necessary to allow the water to reach & level at which the soil ie fully saturated.

4. Hold the moisture level so that the soil remains saturated for a minimum of
24 hours. During this time some nematodes will emerge from the soil and will sink dowm
the funnel to the pinch clamp.

5 Collect worms trapped above the clamp by opening the pinch olamp fully, but
momentarily, sc as to obtain about 5-10 ml of the water in the collection beaker.
Examine the nematodes under low power magnification after transferring the contents of
the beaker to a watch glass or petri dish half.



RiFERFNCES AND ADDITIONAL READING

Xevan, D.K. MeE. (editor) 1955. BSOIL ZOOLCUY. Academic Press Inc., New York.
Kevan, D.K. YMcE. 1965. The scil fauna — iis nature and biology. In
QF S0 E T PATHOQUENS (Baker and Snyder, editors).

Univereity of California Fress, Berkeley, California.

Costenbrink, M. 1960. Estimating nematiocde populations by some sBelected methods.
In NEMATOLOQY, FUNDAMENTALS AND REC VANCES (Sasser and Jenkins, editors).
University of North Carolina Press, Chapel Hill, North Carolina.

Seinkoret, J.W. 1961. Plant-nematcde interrelationships. ANN. REV.

MICROBIAL. 15:177.

Soprunov, F.F. 1958. PREDA s HO AND THEIR ATION
CONTROL OF PATHOGENIC NEMATODES. Ashkhabad, Bussia. BEnglish translation
published 1966 for U.S5. Dapartment of Agriculture and Kational Science
Foundation by the Israel Program for Scientific Translations. Available
from V.3, Department of Commerce.

Thorse, . 1961. PRINCIPLES OF NEMATOLOGY. Molraw-Hill, Inc., New York.

IETHOD

INATION O OTOZ0A

Many members of the phylum Protczoa inhabit the ecil. Their abundance, nature,
and activity depend on the extent to which the soil environment provides an adeguate
moisture phase in the pore spaces, and an adeguate supply of food in the form of
organic matter and bacteria. A density of hundreds of thousands per gram of soil may
be observed under highly favorable conditions, but such conditions usually are short
lived, and a large proportion of the protozoa readily form inactive coystis as the soil
dries or as the food supply declines. Soil protozoa are grouped as flagellates,
ciliates, or pseudopods (amoebas) according to their means of locomotion. Other classas
of the Protozoa are not found in terrestrial environments.

TERIALS RFQUIHED

S0il samplas.

Futrient agar, semi-solid, 100 ml/flask in 250 ml flasks. Beef extract, 3 g;
peptone, 5 gj agar, 0.5 gj distilled water, 1,000 ml.

Mannitol-soil extract-asparagine semi-sclid agar in flaskse as abova.
Manniteol, 5 g; KgﬂPﬂ s 1.0 g; asparagine, 0.1 gy agar, 0.5 g; tap water,
500 mlj (moil ex rnc% 500 ml, add 1 liter of tapwater to 1 kilegram
fertile soil, autoclave 20 minutes, floiculate colleids with 0.5 g CaCOjy
and filter).

Sterile pipettes, 1.0 ml, three for each soil initially, several additional
plpettes, for examination of culture plates after incubation.

Methyl cellulcose, 10 percent molution.

Aquecus solution of neutral red dys, 1/10,000.

PROCEDURE

1., Melt the nutrient semi-solid agar and the mannitel-scil extraoct amsparagine
semi~-solid ager by placing the flaske in & boiling vat&r bath for about 10 minutes.
Allow the media to cool to & temperature of about 42°C and pour 4 plates of each medium
(total 8) for each soil. Pour about 15 mwl of medium into each petri plate.



2. Weigh out 10 grams of moist scil and place this into a 95 ml water blank. The
result is a lflﬂ dilution of the soil. Shake vigorously for 4-5 minutes, allow the
largest partieles to settle for a few seconds, withdraw 1.0 ml of the suspension and
add this to a 9 ml water blank (now a 1[100 dilution). Before discarding the pipette
withdraw 2 additional 1.0 ml aliquots to incculate the surface of a nutrient agar plate
and a mannitol-soil extract-asparagine plate. Label these plates to indicate the
medium, soil, and dilution (1/10).

3. Continue the dilution series by shaking the lflﬂﬂ dilution well. Transfer a
1.0 ml aliquot to a second 9 ml pipette water blank to yield a 1/1,000 dilution, and
then inoculate a plate of each medium with the same pipette and the 1f100 dilution.
Label.

4. Similarly prepare the 1/10,000 dilution and the 1/1,000 plates, and finally
plate the 1/10,000 tube as the terminal dilution.

5. Incubate the plates right eide up in a high bhumidity box or bell jar.

6. Examine the plates every day or two over a periocd of about a week. Look at
the surface of the plates with a microscope using the low power objective. When there
is evidence of some of the larger protozoa on the plates, withdraw portions of the
liquid films from the plates with a sterile pipette and place this material on a glass
microscope 6lide to permit closer examination at higher magnifications. FPlace the
liguid inside a emall ring of methyl cellulose positioned on the glass slide, and press
a cover slip againet the top of the ring. Protozoa ineide the ring will be slowed down
in their movement by the increased viscosity due to the methyl cellulose, and can then
be observed more easily through the cover slip. Addition of a drop of meutral red dye
to the liguid material in the methyl cellulcse may be helpful in the examination of
gome preparations. The dye penetrates the protczoa and provides some intracellular
Btaining.

7. Note the abundance of various kinds of soil protozoa as a function of soil,
medium, dilution, and time of incubation. Make sketches of some characteristic types.

REFERENCES AND ADDITIONAL READING

Jahn, T.L. and Jahn F.L. 1949. HOW TO ¥ROW THE PROTOZOA. Wm. C. Brown Co.,
Inbugque, Iowa.

Kitching, J.A. 1957. Some factors in the life of free living proteozoa. In
MICROBIAL ECOLOGY, (Williams and Spicer, editors) Cambridge University Press,
Cambridge.

Singh, B.H. 1955. Culturing soil protozoa and estimating their numbers in soil.
In SOIL ZOOLOGY (Kevan, editor). Academic Press, Inc., New York.

METHOD 4
EXAMINATION AND ESTIMATION OF SOIL ALGAE BY THE MOST FROBABLE NUMBER METHOD

Some algae are present in practically all surface soils, but it is difficult to
asgess their abundance and importance. The greatest number and the greatest variety of
8oil algae occur at the very surface of moist moils where the photosynthetic activities
of the algae are favored. Thus in certain tropical scils where light intensity is high
and where agricultural practice requires a high water table, as in rice paddy soils,
the algae are exceedingly important. The nuirients assembled in the algae by photo-
eynthesie eventually are released to higher plante when the algae die, and since some
algae can fix atmospheric nitrogen as well ae atmospheric carbon, their contribution is



of particular eignificance. These blue-green, nitrogen-fixing algae thus provide a
free supply of an otherwise expensive and easily limiting major fertilizer element. In
a few other special terrestrial environments algae may play an equally prominent role.
In highly eroded and wasted soils the algae may initiate the slow process of soil
repair by introducing orgenic matter by means of their photosynthetic processes. And
in semi-arid scils the algae crust may comprise the major scurce of plant nutrients.

Soil algae exist both in unicellular and in filamentous forms, and some species
appear capable of limited non-photosynthetic development in soil not penetrated by
light. These features and the lack of adequate attention to the atudy of soil algae
contribute to difficulties in estimating their numbers. Dilution techniques with the
goil dilutions cultured in selective liquid media are usually necessary. The
selectivity of the media is achieved by the omission of organic carbon so that only
photoeynthetic forms may develop during incubation in the light. Enumeration ie
achieved by arranging the culture media to conform to the experimental design of the
most "probable number" test.

MATERTALS REQUIRED

Fresh eoil samples of lmown or determined moisture content.

90 ml, 95 ml, and 99 ml eterile water blanks.

1.0 ml and 10,0 ml pipettes, sterile.

Medium a - modified Bristol's solution for enumeration of total algae.

30 tubes per soil, 10 ml in each tube: Haﬂﬁgﬁ 0.25 g3 Calls, 0.025 g
MgS0, . TgSD, 0.075 g3 KEHPG%, 0.075 g3 2P0y, 0.018 g; NaCll, 0.025 g3
FeCli, 0.005 gj distilled water, 1,000 ml.

Medium b - nitrogen free solution for enumeration of nitrogen-fixing algae;
30 tubes per soil, 10 ml in each tube: modified Bristcl's (above) but
omit NallD,.

Test tube racks.

Balance.

Microscope.

Microscope elides and cover glasses.

PROCEDURE
l. Prepare scil dilutions as follows:

Add 10 grams of fresh soil to a 95 ml water blank and shake this 1/10 dilution
thoroughly for five minutes. Transfer 1.0 ml of the 1/10 dilution to a 99 ml water
blank and label this as the 1/1,000 dilution. Transfer 10.0 ml of the shaken 1/1,000
dilution to & 90 ml water blank and label this as the 1/10,000 dilution. Make a final
dilution of 1/100,000 by transferring 10.0 ml of the shaken 1/10,000 dilution to a
90 ml water blank.

2. Set up "most probable number" test to estimate the abundance of (1) total
algae as cultivatable in the modified Bristol's solutions (medium a), and (2) nitrogen-
fixing algac as cultivatable in the nitrogen free solution (medium hs. The most
probable number test may be set up in various ways. The tabls of probability wvalues to
be used in this application is generally useful for estimations of other kinds of soil
micm-arganiems as well. It is based on tho use of 1.0 ml inoculation volumes of three
consecutive ten-fold dilutions, and on 10 replicate incculations.

3. Use the 1/10, 1/100, and 1/1,000 dilutions to estimate numbers of nitrogen-
fixing algae by transferring 1.0 ml samples from each dilution into each of 10 replicate
tubes of medium b. There will be a total of 30 culture tubes inoculated. Similarly use
the 1/1,000 and 1/10,000 and 1/100,000 dilutions to estimate the numbers of total algae
by transferring 1.0 ml samples from each dilution into each of 10 replicate tubes of
medium a. For certain soile unusually high in algae, or for those unusually low, it may



be necessary to use dilutions other than those specified above. Whenever the same
dilution is to be transferred to more than one culture medium, use the same pipette.

4. Inoubate all tubes in a greenhouse or exposed to light on a window ledge for
a period of about one month. Make periodic obserwvations during incubation to note the
development of green pigmented growth forms.

5. Final observations shall include both an estimate of numbers of algae per gram
of Boil, and & qualitative examination of the warious kinds of algae ocourring in the
culture tubes. Estimate numbere by means of the probability table for the most probable
nunber procedure. '

THE MOST PROBABLE NUMBER (9]

a) Count and record the number of tubes at each dilution that showed evidence
of algae growth.

b) Consult the probability table. Note that the column listed as "Code"is made
up of 3 numbers. These numbers represent the numbers of positive walues (in this case
the number of algas—positive tubes) at each of the three successive dilutions. If,
for example, the data record 10 algae-positive tubes at the 1/1,000 dilution, T at the
1/10,000 dilution, and 1 at the 1/100,000 dilution, the code is then 10-T-1.

¢) Find the code corresponding to the experimental results in the table, and lock
at the "X" value lieted opposite this code. The x wvalue represents the most probable
number of organisms added at the second dilution as caleculated according to probability
theory for that particular set of results. For the example in (b) a code of 10=7=1
gives an x value of 1l.16. According to this statistical table then, the most probable
number of algae present in the 1.0 ml of the 1/10,000 dilution used as the inoculum
was 1.16 or:

algae per gram of original moist soil = 10,000 x 1.16 = 11,600.

d) The final column in the table is headed "P". The wvalue listed in column P
reflects the statistical reliability of the set of data (code) obtained. P indicates
the number of times the same code might be expected for each 100 times the teat was
repeated on the same sample, assuming an infinite number of teste.

The x-value of 1.16 corresponds to a P value of 10.0l. This states that if this
experiment were repeated an infinite number of times on this same sample, the identical
result would appear 10.01 percent of the time.

6. Calculate the most probable number of algae for each soil and for each medium
based on dry weight of soil. Examine a number of tubes that gave good evidence of
algae development. Withdraw a few drops of pigmented solution, transfer to a glass
microscope slide, cover with & cover elip and examine under the mioroscope. Note
pigmentation, morphology, and relative abundance of various forms. Make sketches.
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Section 3

THE SOIL POPULATION - BACTERIA AND FUNGI



MEIHOD 5
ALITATIVE ATION OF SO CROFLORA BY THE BURIZD SL

Cne of the most interesting methods for the qualitative examination of so0il was
proposed in 1930 by Cholodny. The method is known as the "buried slide" or the "contact
slide" technigque. It coneists simply of allowing a clean microscope slide to incubate
in contact with soil. During inecubation ecil particles adhere to the slide surface and
niun?organiumn develop on the glass surface. The method can be applied to the examination
of s0il in the field or in the laboratory. When properly prepared for microscopie
examination contact slides will provide a wealth of interesting information, and will
dieclose some of the natural orientations and arrangements of the micro-arganisms, and
some of their interrelationships with each other and with soil particles. It is likely
that the introduction of the glass slide into the scil and the presence of a continuous
glass surface for microbial development may result in a somewhat distorted picture of
the microbial environment. While it is difficult to evaluate these limitations, it is
olear that the technigque has been extremely useful; a particularly helpful guide to the
effective use of the contact slide approach is to be found in the well illustrated
paper by Starkey (1938).

UIRED

Seil.

Containers, glass, 5-10 cm diameter x 8-10 high with loosely fitted covers.

Clean glass microscope slides.

Organic amendment for soil treatment (peptone or legume meals, or some
other high-nitrogen material).

Spatula or sharp knife to make slit in soil.

Beakers, 100-ml.

Fhenclioc rose bengal stain - rose bengal, 1.0 gj CaCls,, 0.3 g3 add both
to 100 ml of 5% aqueocus solution of phenol.

Microscope complete with oil immersion lens.

EROCEDURE

l. Weigh out 100 grams of soil for each container if seoil is to be studied in the
laboratory. To some of the containers add 1 percent organic amendment and mix well with
the soil. Moisten soil to approximately the moisture equivalent. If socil is to be
used in the field choose locations that will remain moist.

2. Make a narrow slit in the soil with a spatula, insert a clean glass slide

vertically with about 20-30 mm exposed above the soil. Label stains. Cover soil
loosely to prevent drying.

3. BRecover slides from soil at convenient intervals after about 1 week of
incubation.

4. As each slide is recovered take care to leave one side with attached soil
undisturbed. Remove the larger soil particles from the undisturbed face by gentle
flocding with water, and clean the other side. Allow the slide to air dry.

5« Place the slides across the top of a beaker of boiling water. Flood the
undisturbed face with phenolio rose bengal for 10 minutes. Be careful to add stain as
necesgary during this time so that the stain does not dry.

6. Wash the slide thoroughly to remove excess stain. After drying examine the

Blide with the high dry microscope objective in place. Examine further with the oil
immersion lens without use of a cover slip.



7. Compare the microscopic appearance of contact slides taken from treated and
untreated scils. Detect bacteria and microbial filaments on the basis of morphology
and staining. Micm-organisms should stain a deep pink or red color, mineral particles
will be unstained, and inert organic matter will appear mostly yellow, unstained, or
a light pink.

8. Observe the abundance of mierobial cells, characteristic formations, gqualitative

differences related to soil treatment or incubation time, and the relationships of
micw—arganisms to sach other and to soil particles.
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METHOD 6

ENUMERATION OF SCOIL BACTFRIA BY DIRECT MICROSCOPIC COUNT

A direct microscopic count of the bacteria in soils by & method similar to one
already in use for milk was first proposed by H.J. Conn in 1918. Little interest was
aroused until the method was adopted by Winogradsky arcund 1925, and it was his studies
that called attention to the useful aspects of the technigue.

The method involves placing a known volume of an infusion of soil in a dilute
colleidal fixative and spreading this in an even film over a msasured area on a glass
microscope slide. After an appropriate staining procedure (with erythrosin or rose
bengal) the preparation should ehow the bacteria colored a deep pink or red, the
mineral particles uncolored, and some of the inert organic matter light pink, but
mostly either yellow or unstained. MNicroorganisms are counted using an oil immersion
lens calibrated soc that the area of the microscopic field is known. Bacterial counts
of soil based on this and similar methods are usually very high as compared to data
derived from plate counts. This is because there are many more bacteria in soil than
will develop on dilution plates. But the direct count does not give a completely
reliable estimate either, even in the hands of an experienced technician. Living
bacteria cannot be distinguished from dead, many bacteria are hidden behind the
surfaces visible in the microscopic field, and it is often difficult to distinguish
bacteria from inert particles.

MATERIALS REQUIRKD

Soil taken from field sites or soil samples previously treated with about
0.5=1.0 percent organic amendment.
Pipettes calibrated to deliver 0.01 ml.



Microscope.

Microscope stage micrometer calibrated in 0.1 mm and 0.01 mm divieions.

Microscope slides, thoroughly cleaned (1 for each soil sample).

Fixative solution (sterilized, or freshly prepared non sterile) - 9.5 ml
of either 0.04 percent agar, or 0.015 percent gelatin.

Steam bath (beaker will do) with wire support to hold slides over the
gteam.

Acetic acid, 40 percent solution.

Phenolic rose bengal (Method 5).

PROCEDURE

1. Weigh out 1.0 gram of soil and place in a tube containing 9.5 ml
of fixative solution. Repeat for each scil to be examined.

2. Mark off 2 areas, 1 square centimeter each, on the same scrupulously
clean face at one end of a microscope slide.

3. Shake soil-fixative tubes well for 4-5 minutes, allow about 1 minute
for larger particles tc settle, then transfer 0.0l ml of the suspension to a
elide by means of a pipette.

4. BSpread 0.0l ml of soil dilution evenly over each 1 sg. cm area.
5. DIry the smears over a bath of boiling water.

6. Imnmerse the slides in 40% acetic acid for about 2 minutes. Wash off
excess acid and stain with phenolic rose bengal over a boiling water bath for
about 8 minutes. Add stain as necessary to avoid any drying on the slide.

7« Measure the diameter of the microscopic field for the oil immersion objective,
using a etage micrometer. Note the number of the microscope so calibrated so that you
may return to the same instrument if necessary. Place the micrometer elide on the
microscope stage and examine the emall area of the slide that has been calibrated in
0.1 mm and 0.0l mm graduationa. Then place the oil immersion lens in position and
measure the diameter of the field by counting the graduations wvisible across the field
when focused on the stage micrometer scale.

8. Calculate the area of each microscope field, and then determine how many
such fields there are in the 1 sq. om. area. Based on the 1/10 dilution of the soil
and the use of 0.0l ml volume of that dilution, a dilution factor of 1,000 results.

9. Count the number of bacteria appearing in each of 10 fields selected at random,
for each of the duplicate smears. Record the counts for each field, and determine the
average number of bacteria per field. Observe carefully the various types of micro-
organisme present, their distribution in the microscope field, and any effects of soil
treatment.

10. Calculate the number of bacteria per gram of soil for each scil sample
studied:

(a) Area of field =wr? - If diameter of field as measured under the
cil immersion objective is 0,163 mm, then field radius is 0.0815 mm,
and: area = 3.1416 (0.0815)2 = 0,0209 mm2,

(b) Fumber of fields in 1 eq. cm:

1l Bqg. em = 100 mmzj

100 = 4T84 fields in 1 sg. cm.
0.0209



(e) Wumber of bacteria per gram of soil:

Average count/field x fialdfumz x dilution factor = haaterinfgrﬂm of meiet
seil.
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METHCD

DIRECT COUNT OF SOIL MICRO-ORGANISMS BY THE HAFTMOCYTOMETER METHOD

The direct microscopic count of bacteria in soil, the technique of H.J. Conn, was
described in Method 6. The Conn technigue involves spreading a kmown volume of soil
dilution over a known area on a glass slide, staining, and counting the bacteria observed;
bowever soil diluticns are difficult to distribute evenly on the glass slide eo that
this and other technical difficulties limit the accuracy of the method.

Some of the difficulties of the Conn technique have been overcome in a procedure
desceribed by Jones and Mollison in 1948. A soil suspension ie made and distributed in
molten agar. Swmall drops are removed and allowed to solidify as thin films on a
haemocytometer slide of known depth. The agaer matric solidifies at onece and fizes soil
constituenis in place. The agar filme are transferred to a microecope slide, dried,
and stained, and the orgunisme in a number of fields are counted. Since the depth of
the agar film is determined by the known depth of the haemocytometer well, and since the
area of the microscopic field can be determined for a given microscope and for different
lens combinations, the volume of the agar film represented in the microscople fileld may
be calculated. If the dilution of the soil suspension is ¥mown, then the amount of soil
represented in that volume of agar film seen under the microscope may be calculated;
thus the bacterial count may be related quantitatively to the amount of soil.

MATERIALS REQUIRED

S0il sample, passed through a 2 mm sieve, fresh and only partially dried,
moisture content determined.

Balance.

Porcelain crucible, 15 ml.

Glass rod, 10 mm length.

Sterile flask, 100 ml.

Haemocytometer slide, 0.1 om depth preferred.

Cover glasses.

Pipettes, 5 ml.

Migroscope slides.

Aniline blue dye (5% acqueous phemol, 15 mlj 1% aqueous aniline blue W.S., 1 ml;
glacial acetic acid, 4 mly filter about 1 hour after preparation).



Alcohol, ethyl, 95%.
Sterile distilled water.
Agar solution, 1.5%; sterilized, filtered while hot, and held in a water

bath 42-45C degrees.
Microscope and stage micrometer to measure diameters of microscope fields.

EROCEDURE

1, Weigh out between 2.50 and 3.00 grams of soil and correct this weight to the
oven dry basis. Place the soil in a small crucible previously flamed and cooled. Add
5 ml of eterile water and mix thoroughly with a sterile glass rod.

2. Pour the suspension into a dry sterile 100 ml flask allowing the heavier sand
particles to remain in the crucible. Add a second 5 ml of sterile water, resuspend
the sediment remaining in the crucible then pour the suspended material into the same
flask.

3. Equilibrate the pooled suspeneion for a few minutes in a water bath at 42—45°G.,
then make up to 50 ml volume by adding the agar solution also tempered at 42—45“0.

4. BShake the soil-agar suspension vigorously for 2-3 minutes, allow to stand 5
seconds and then withdraw at once a few drops of suspension with a warm pipette.
Transfer the suspensiocn to the recessed well of a haemocytometer slide so as to
completely f£ill the well. Cover the well of the slide with a cover slip, pressing it
down gently to displace the excees and insure a uniform depth of agar suspension.

5. When the agar has solidified thoroughly after about a half hour, the slide is
immersed in cold sterile distilled water and the cover slip is removed. The agar film
formed on the haemocytometer platform is cut free with a scalpel and floated off by
gentle agitaticon. The film is transferred carefully to an ordinary microscope slide
and allowed to dry slowly at room temperature so as to avoid cracking and splitting of
the film.

6. The dried films are then immersed for 1 hour in the aniline blue stain, After
washing briefly and rapidly with water, the preparations are dried in the air, and then
examined under low, high dry, and oil immersion lens.

T« Count 20 random fields or each of 4 replicate slides, using oil immersion.

8. Calculate the number of bacteria per gram of dry soil:

Count per gram = nunmber per field x fislds per ml x ml of soil susnpension
weight of dry soil in suspension
wheres

(a) Number per field = average count based on 20 fields.

(b) Fields por milliliter = number field-volumes in each milliliter
of suspension, or the reciprocal of the wolume representaed by
1l microscope field.
Volume represented by 1 fiold = 1 (radius of field in cm]z
(depth of field in cm.).

(o) Millilitere of soil susponsion = volume to which soil ies diluted.
In this case 50 ml.

(d) Weight of soil = number of grams of dry soil placed in suspension.



Example:

If 2.5 grams dry soil are suspended in 50 ml agar, and countis are made
with oil immersion lens soc that the diameter of the field measures 0.16 om.,
and an average count of 12 bacteria per field results, then:

12 1 50
\ 3.14 {0,008)% {0.01)) = 440 millions/gran
2.5
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METHOD 8

BACTERIA AND ACTINOMYCETES AS ESTIMATED BY THE DILUTION PLATE METHOD

The dilution plate procedure has been used extensively as a means to estimate the
numbers of living micro-arganisms in scil. The method involves the introduction of a
known amount of soil into a known amount of sterile diluent, followed by dispersion to
break up olumps of bacteria. Subsequent gquantitative serial dilution of this original
dilution, together with shaking to attain dispersiocn at each dilution, evenfually
gives some concentraticn of micm-arganisma which is convenient to count. Counting is
accomplished by transferring a known amount of an appropriate dilution (usually 1 ml)
to the bottom of a eterile petri dish; molten and partially cocled agar culture medium
is then poured into the dish and is mixed thoroughly with the diluted scil inoculum.
After solidification the plate is incubated. ZEach colony that develops during
incubation ie conszidered to arise from a single cell present im the inoculum. By
counting the colonies and considering the dilutiocn factor, the number of micm-organisms
present in the original soil sample may be caloulated sasily. In practice, a range of
dilutions is plated in order to salect that dilution most suitable for couniing.

The dilution plate method is mosBt accurate when applied to a pure culture of a
bacterium known to be capable of growth on the plating medium used. It is least socurate
when applied to the problem of enumerating the diverse microflora of so complex a natural
environment as sopil. In so0il the population is both complex and diffieult to disperse;
the net result is that only a small fraction of the bacteria present in the soil will
appear aB colonies on the dilution plates. The selectivity of the method is inherent
becausa no one medium or no group of media will permit growth of all the soil forms.

With intentional emphasis on this selectivity, special selective media may be used with
dilution plating to encourage the development of certain physiclogical groups of scil
bacteria only. One such selective plating approach is used to estimate the numbers of
poil actinomycetes. Actinomycetes ocomprise a group of filamentous bacteria, and special
attention is directed to the actinomycetes because they are a large and important
sogment of the soil population.



DIAQRAM PLAN OF DILUTION PLATING PROCEDURE

S0IL
10 g
1/10
95 ml 7 —_— (Pipette 1)
water blank
1lml
99 ml > 1/1,000
water blank

e, (Pipotte 2)

10 ml (Pipette 3, eame pipette
for all operaticns
1/10,000
Gy — 1 ml
water blank
Plate
label 1/10T (5
replicates)
1l ml lml f
9ml 5 1/100,000
water blank (Pipette 4)
1l ml
NS Plate, label
—>1/1,000,000 1/100T
lml ¢ (Pipette 5)

Flate, label 1/M
(5 replicates

MATZRIALS REQUIRED

So0il samples with molsture content determined.
Balance, with sensitivity to + 0.05 mg.
Sterile water blanks; tap water measured into screw cap bottles or test
tube and autoclaved
9 ml = 1 for each soil sample
95 ml - 1 for each soil sample
90 ml = 1 for each soil sample
99 ml = 2 for each soil sample.

Sterile pipettes - 4 to deliver 1 ml, 1 to
Sterile petri dishes - 6 for each dilution
control).

deliver 10 ml for each soil sample.
plated (5 replicate + 1 uninoculated



Soil extract agar (for bacteria) in tubes, about 15 ml per tube, 1 tube for
2ach petri dish: Gluccase, 1.0 g; E2HPO4, 0.5 g; agar, 15 g; soil extract
«Method 3), 100 mly distilled or tap water, 900 ml.

Nutrient agar (for bacteria) in test tubes as for soil extract agar
(Method 3 but with 1.5 percent agar).

Caseinate agar (for actinomycetes) in {est tubes as for soil extract agar:
Sedium Caseinate, 0.2 gj KpHPOy, 0.5 g Hgﬁﬂ4 « TH20, 0.2 gy FeCly, 0.01 g3
agary 15 gy distilled water, 1,000 ml; pH adjusted to 6.5 - T7.0.

ROCEDURE

1. Weigh ocut 10 grams of scil and suspend thim in & 95 ml water blank to obtain
& dilution of 1:10 (10 grams of soil has a volume of about 5 ce). Shake suspansion
vigorously for 5 minutes.

2. Allow the coarse particles to settle (15 seconds) and withdraw 1 ml aseptically
with 8 sterile pipette and discharge it into a dilution bottle containing 99 ml of
aterile tap water. Thisa naagnd suspension will contain 0,001 grams of scil, comprising
a dilution of 1:1,000 or 107”7, Complete the dilution and plate incculation steps
according to the plan in the dilution plating diagram.

3. To each petri dish add about 15 ml of the appropriate agar medium, melted
previously in a bath of boiling water and coocled to 42-45°C. (At this temperaturs the
tube will feel uncomfortably warm when held against the cheek as a rough temperaturse
test, but it can be emsily tolerated and will not burn the ekin.) Quickly mix medium
and incculum by rotating the dishes with a broad swirling movement of the hand while
the plate is in contact with the table top, and while the medium is still liquid. Allow
the agar to solidify after mixing.

4. Pour a tube of medium into an unincculated plate as a check on the sterility
of the medium and the technigue. Provide one such control plate for each dilution
. plated,

2. Incubate the plates in the inverted position upeide down for T-=10 days at
25-30%C.

6. Examine the plates carefully after inoubation. Select plates with 30-300
well distributed colonies for counting. Do not include colonies of filamentous fungi
in the count, but do iheclude both surface and sub-surface colonies of bacterim that are
8o small as to be barely visible.

7. The numbers per gram of oven dry scil are calculated by multiplying the
average count per plate by the dilution factor. For example, if plates at the 1/100,000
dilution averaged 150 colonies per plate, and the moisture content of the soil was
12 percent:

Bacteria/g dry soil = averapge count x dilution
dry weight of 1 gram moist soil

= 150 x 107
1.00 - 0.12

= 17,045,454 or roughly 17 x 10

Record the number of colonies that appeared on all plates that were in the correct
range for counting. Compare the number of bacteria per gram of each soil as determined
with nutrient agar and with scil extiract agar. Compare numbers of bacteria per gram of
each soil with numbers of actinomycetes as estimated by plating with caseinats agar.

6



8. Note the range of size, shape, color, and appearance of bacteria as a function
of soil and of plating medium. Observe the difference between bacteria and actinomycetes
and  how selective the caseinate medium is in favoring actinomycetes almost
exclusively. What are the main features of actinomycetes colonies?
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METHOD 2

SOIL FUNGI BY DILUTION PLATING

Filamentous fungi of a great many different kinds are to be found as a normal part
of the soil microflora. The contribution of fungi to the total microbial activity is
probably substantial in most soils, and in certain special environments such as ocour
in many forest soils, fungi may dominate the microflora. Fungi are usually highly
oxidative in their metabolism, highly efficient in cell synthesis, and may immobilize
substantial quantities of the nitrogen awvailable in a soil environment.

Numbers of fungi counted by plating methods wary from & few thousand to around
1l million per gram of soil. The conventicnal plate dilution method favors the
development of fast growing, heavily sporulating forms and hence exaggerates the
importance of these forms at the expense of slower growing, nonsporulating fungi.
Direct examination of soil sugpests that most fungi produce relatively few spores in
the soil. BSome groups of fungi, such as the Basidiomycetes, are almost completely
overlocked by dilution plating procedures, due to the nutritional conditions imposed
by the media used. Additional difficulties are presented in the interpretation of the
counts of fungi obtained in dilution plates, since it is not possible to know if the
colonies represent the spores from one parent culture in the soil, or from many. Since
bacteria usually are more numercus than fungi, plates meant for the fungi would be
evergrown with bacteria unless special selective media are used. In the medium used in
this method the dye, rose bengal, and the antibiotic, streptomycin, inhibit bacteria
and provide a selective medium for the fungi. Other combinations of dyes and antibiotics
may alsoc be suitable.

MATERIALS REQUIRFED

Soil samples with moisture content determined.

Balance with sensitivity to + 0.05 mg.

Sterile water blanks: 95 ml, 9% ml, 9 wl, and 49 ml, one of each for
each soil plated.

Pipettes, 1 ml pipettes (5 for each soil plated).

Rose bengal - streptomycin agar medium: 100 ml/flask, 3 flasks per soil:
Gluccse, 10 gj peptone, 5 gy KHoPOy, 1 g3 MgSO4 . TH20, 0.5 g; agar, 15 g;
rose bengal, 0.033 gi tap water, 1,000 ml. Streptomycin added to melted medium
after it has cooled to 50°Q as filter-sterilized solution to give final
concentration of 30 micrograme per ml. Hold complete medium at 45°C.



Petri dishes, sterile.

Transparent pressure - sensitive tare.

Lactophencl=cotton blue mounting medium: Add pheneol, 20 g3 lactic acid, 20 gj
and glycerol, 40 g; to 20 ml water. Dissolve with mild heating and add

0.05 g cotton blue.

CEIURE

l. Make dilutions of socil according to the shaking and handling procedure outlined
in Method 8, Use the following diagram to guide the preparation of dilutions and the
inoeulation of plates for the estimation and study of soil fungi:

S0IL

10 g

[

i A

95 ml
water blank
1lml
99ml 3 1/1,000 lml . Plate (5 replicates)
water blank f 1/m
1l ml
1/10,000 1 ml
—_————— 7 —_——
Plate (5 replicates)
9 ml 1/10T
water blank
g 1 ml Plate
49 m1 — 5 1/50,000 2 (5 replicates)
water blank lfﬁﬂT

2. Take a flask of the rose bengal - streptomycin agar medium from the 45°C bath
(rose bengal medium was previously autoclaved in the flask and then cooled to 50 degrees,
at which point the sterile streptomycin was added and the complete medium was maintained
at 45°G}. Allow the medium to cool to about 42°C and then quickly pour about 15 ml into
each inoculated plate until the flask is emptied. Before continuing with a second flask,
oix the medium and inoculum in the plates that have becn poured before the agar solidifies.
After all plates (including unincculated controls) have been poured and have solidified
incubate at about 28°C for one week, Unused portions of apgar that sclidify before
pouring cannct be melted for later use unless more streptomycin is added to replace that
deetroyed as the medium ie heated to boiling.

3. After a week of incubation observe the plates and enumerate the colonies of
fungi present. Obeerve the diversity of forms that cccur and pay particular attention to
the efficiency of the medium in restricting colony size of fungi and stopping growth of
bacteria and actinomycetes.



4. Choose three well isclated colonies that differ in macroscopic appearance and
describe the gross features of each. Eramine each colony with the low power objective
of the microscope to view the aerial mycelium.

5. FPrepare pressure tape mounts on slides for detailed microscopic study. The
transparent tape is placed in contzct with the aerial mycelium which adheres wirtually
intect to the asdhesive on the tape, and the whole preparation is transferred to a glass
slide. Carry out the following procedure:

{(a) Deposit a small drop of mounting medium on the center of a clean slide.

(b) Cut a piece of the special tape about 1 inch long from the stock roll.
Avoid conteminating the adhesive surface with the fingers or dust, by
grasping the loose end of the tape with forceps as it is removed from the
roll. A dissecting needle will aid in freeing the tape from the forceps.

(e} The adhesive eside of the tape is applied to an ares of the fungous
colony where sporulation is in evidence, but near the advancing edge of
the colony so that reproductive structures are not fully mature. Take
care tc aveoid excessive pressure on the tape as this will result in too
dense & mass of fungal tissue.

(d) Remove the tape from contact with the colony and apply it adhesive side
down to the drop of mounting medium on the glass slide. BRub the tape
gently with a smooth flat instrument to get rid of air bubbles. If the
tape is sufficiently long and the drop of medium not too large, the ende
of the tape strip will be free of mounting fluid and will adhere to the
side.

6. Exemine the slide preparations with the microscope. FPrepare adequate sketches
to describe the appearance of each colony studied. Attempt to identify the fungi with
the aid of identification manuals.
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METHOD 10

EXAMINATION OF THE RHIZOSFHERE

Micro-arganisme are more numerouts and more active on the surfaces of roois and in
goil immediately adjacent to roots, than elsewhere in the scil. That portion of the
s0il environment wherein microbial develepment is influenced by the living root is known
as the rhizoaphere. The rhizosphere not only has a greater density of population as



compared to scil not affected by the plant root, but the composition of the population
differs as well. This selective environment imposed by the plant root is generzslly
considered to be the result of root excretions and sloughed off root tissues providing
energy and nutrients for the micro-trgenisms. The microorganisme that develop in the
rhizosphere must, in turn, have significant effects on the growth of the green plant,
but few specific mechanisms of interacticn have been studied.

MATERIALS REQUIRED

Seedlings with intact root system surrounded by soil.

Surface soil from same field but not containing roots.

Knife or large spatula.

Sterile wide mouth flesk conteining 95 ml sterile water and sterile glass beads.
Weighing dishes.

Sterile pipettes, 1.0 ml or 1.1 ml, and 10 ml.

Sterile petri plates.

Sterile water blanks.

Soil extract agar (Method 8).

Balance.

PROCEDURE

1. A block of soil encompassing the complete root system of a seedling is cut
out and placed in a clean container.

2. (Oently crush the block of soil to recover the root sysiem in such a way that
some soil still adheres to the roots even after gentle shaking. Weigh the flask with
glass beads to get a rough tare weight. Cut off the top of the plant at the crown and
deposit the roots into the sterile flask with water and glass beads. If the root
system is sparse and the amount of ecil attached to the roots seems substantially less
than about 10 grame as estimated by rourh weipghing, introduce additional root systems.®

3. Shake the flask containing the roots wvigorously until soil is washed from the
roots. Remove the plant roots and check the weight of the flask plus rhizosrhere soil
to insure that about 10 grams of soil is present. Ouspend the soil uniformly, and
quickly remove a 10 ml aliquot to & tared weighing dish which is then dried and weighed
to determine the amount of dry rhizosphere scil cbtained.

4. Withdraw 1 ml of rhizosphere soil suspension and transfer to 99 ml water blank.
Assume the suspension in the flask to be about 1/10, so that this dilution would result
in approximately 1/1,000 dilution. Prepare subsequent dilutions, following the
procedures of Method B so that the dilution of approximately 1/1,000,000 and 1/10,000,000
pay be plated. The exact amount of dry rhizosphere soil in each dilution can be
calculated when moisture content is determined. Pour 5 replicate plates at each of these
two dilutione, using soil extract agar.

5. HWeigh out 10 grams of control soil which deoes not contain plant roots and
determine the moisture content. Weigh out a second 10 gram portion of control soil, place
in a 95 ml water blank, shake well and from this prepare dilutions of 1f1¢G,DGG and
lfl,ODD,GGG. Flate the 1!1&&,&&0 and lfl,GDO,GGO dilutions with 5 replicate plates each,
using soil extract agar.

6. Incubate all plates for T-10 days and make colony counts. Record counts on each
plate. Determine average counts, and caleulate the total number of bacteria per gram of
dry rhizosphere soil and control nonrhizoaphere surface scoil. Compars rhizosphere and
nonrhizosphera plates as to diversity of bacteria, based on pigmentation and colony type.
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Section 4

ACTIVITIES OF SOIL MICRO-ORGANISMS



METHOD 11

CARBON DIOXIDE EVOLUTION AND PLANT RESIDUE DECOMPOSITION

The quantity and the rate of carbon dioxide ewolution from soil has prowved to be
one of the best methods for measuring the activity of the soil microflora as a whole.
The method has found its widest application in the study of organic matter decomposition
in soil. It is especially useful in comparative studies, in which the response of a
given soil to wvarious treatmentis is followed, or in which a given treatment is compared
for several soils.

Carbon dioxide is a principal product of the metabolism of all the life of the soil.
Heterotrophic micm-organisms grow on organic materials in the soil. A part of the carbon
that they assimilate from the organic matter is metabolized into their own microbial
tissue; a largen and relatively constant, proportion of the carbon assimilated is
necessarily oxidized during cell respiration, and released as carbon dioxide. All
factors that affect microbial development will, or course, influence carbon dioxide
evolution. Thus the amount and the rate of carbon dioxide ie not only the generalized
expression of the metabolio activities of the many different kinds of micro-organisms, but
the generalized expression of the interactions of soil environmental factors as well.

This method is planned to compare changes that may result in the release of carbon
dioxide from a soil, when the level of microbial activity is altered by the addition of
various plant residues to the soil. INMore elaborate techniques and equipment are available
for more accurate determinations of carbon dioxide evolution; such techniques use a CO2
free air stream which passes over the scil and into absorption vessels where any
respiratory CO, picked up from the soil is precipitated as the carbonate.

MATSZRIALS REQUIRED

Scil wetted to the moisture equivalent.

Legume meal ﬁlaguma plant material, dried and ground).

Cereal meal (cereal grain straw, dried and ground).

Ammonium phosphate, dibasie, powder.

Flasks; 500 ml wide mouth, Erlemmeyer or extraction.

Crucibles, or plastic beakers, to fit through neck of flask, and with
25 ml capacity.

Oxelic acid, ¥/6 and barium hydroxide N/6 solutions. Weigh out oxalic
acid so as to provide several liters of N/6 acid. Make up about a
0.28 solution of barium hydroxide and allow it to stand for several
days to allow dissolved carbon dioxide to precipitate as barium
carbonate. The normality of the sclution will change during this
time. Finally withdraw an aliquot and titrate it against N/6
coxalic acid with phenolphthalein as indicator. Calculate the amount
of GGE = free water that must be added to the barium hydroxide in
order to adjust the stock solution to N/6.

Phenolphthalein indicator.

Burettes.,

Balance,

PROCEDURE

1. Assemble 10 incubation flasks in accordance with Fig. 3.



Top of hole carefully sealed
with heavy stopcock grease

Rim sealed with stopcock
grease '

Wire support suspended through
rubber stopper

Absorption vessel suspended over
soil, partially filled with 25 ml N/6
barium hydroxide

Soil

Fig. 3

2, Weigh out 100 grams of soil moistened to the moisture equivalent and transfer

to a wide mouth, 500 ml flask. PFrepare a total of 8 flasks in this matter. Treat as
follows: .

2 flasks — no treatment (soil control)

2 flasks - add 0.5 grams legume meal/flask, mix well

2 flasks — add 0.5 grams cereal maalfflaak, mix well

2 flaske — add 0.5 grams cereal meal and 50 mg dibasic ammonium

phosphate/flask, mix well

Welgh and record the weights of soil plus flasks (unstoppered) as a check against
drying of the soil during subsequent incubation.

3. Arrange 2 empty flasks as a fifth set, to comprise an atmosphere control.

4. Flace 25 ml of Nfﬁ barium hydroxide in the plastic absorption beaker or
erucible, place the beaker in the wire collar suspended from the rubber stopper and
position it in the flask so that the absorption vessel is suspended just over the soil.
The stopper must be fitted tightly to the flask to avoid gas leakage. Insure a tight
seal by moistening the lower rim of the stopper before inserting, and then sealing all
around the lip of the flask with vaseline or stopcock grease.

5« Assemble all remaining flasks similarly and incubate the 8 soil units and the
2 empty contirol units together at 28-30°C.



The procedure desoribed in this method is a crude but relatively simple technigque
to study the diverse cellulolytic microflora found in scil. Ewen a crude estimate of
the abundance of cellulolytic micro-arganisms will underline their widespread occurrence
in soils. The method uses the most probable number technique, applied earlier (Method 4)
for the enumeration of soil algae. The most probable number method is modified only
slightly, but in an essential detail, for the estimation of cellulose decomposers. That
essential detail involwves the use of appropriate media selective for cellulolytic micro-
organiems. Celluloee in the form of filter paper strips will provide the necessary
selectivity as either the main source of carbon, or the only source of carbon.

ATFRTIALS REQUIRED

Organic scil cor forest soil.

Medium (&) - Cellulose ae sole carbon source — 50 tubes, 9 mlftuba:
K2EPO4, 1.0 g; NaNO3, 0.5 g3 MgSOy . THpO, 0.3 g5 KCL, 0.3 g3
FeS0Oy . TH20, 0.0l g; dietilled water, 1,000 ml.

Medium (b) - Cellulose as main carbon source, yeast extract supplement.
50 tubes, 9 ml/tube: Medium (a) plus 1.0 g yeast extract.

99 ml, 95 ml, 90 ml sterile water blanks.

10 ml pipettes, 1.0 ml pipettes, sterile.

100 sterile filter paper strips = 1.0 cm x 10 cm.

Sterile forceps.

PROCEDURE

l. Weigh out 10 grams of soil and suspend in a 95 ml sterile water blank to obtain
a 1f1ﬂ dilution. Plan a dilution procedure analagous to that diagrammed in Method 8, but
use only 90 ml and 99 ml water blanks and provide dilutions of lflﬂ,ﬂﬂﬂ, lflﬂﬂ,ﬂﬂﬂ,
1/1,000,000, and 1/10,000,000.

2. Inoculate 10 replicate tubes of medium (a) and 10 replicate tubes of medium (b)
each with 1.0 ml of the lflﬂ,ﬂﬂﬂ dilution. BEe sure to shake the dilution fregquently
during the inoculation process. Repeat for each of the remaining dilutions, sc that
finally 40 tubes of each medium will be inoculated. The remaining 10 tubes of each
medium are retained as uninocculated conirols.

3. Place one sterile filter paper etrip in each tube by means of a sterile forceps.
4 portion of the paper strip must extend above the liquid surface.

4. Incubate sll tubes at room temperature for 2 to 3 weeks. Without opening the
tubes, examine them frequently during incubatien to obeerve macroscopically the
development of discoloration on the paper strips.

5. After 14-21 days make final cobservations. Note carefully the number of paper
strips in each dilution series that are positive for growth. Look for evidence of
growth on the filter paper strips with the low power objective under the microscope or
with a hand lena, paying particular attention to that portion of the filter strip at the
ligquid-air interface. Determine the most probable number of cellulose decowposing
micro-arganisms per gram of soil, using the most probable number table of Method 8.
Compare the number of cellulolytic microorganisms as estimated in the medium in which
cellulose was the sole source of carboen (medium a) with that as estimated in the medium
in which the cellulose was supplemented with yeast extract (medium b). Account for the
differences noted.

6. Record the appearance of areas of deterioration on filter paper strips
representative of each medium. Make wet mounte in lactophenol cotton blue of fibers
taken from both control atrips and from zones of degradation on inoculated sirips, and
examine microscopically.
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METHOD 1

CELLULOSE DECOMPOSITION IN SOIL

Micro-organisms capable of decomposing cellulose in soil are both diverse and
widespread but soils differ nevertheless in cellulelytic activity. Cellulose
decomposition goes on most rapidly in soils that are well aerated, high in organic
matter and inorganic nitrogen, about neutral in pH. At the same optimal conditions of
meisture and temperature, acid soils, very heavy soils, or low organic matter soils still
decompose cellulose, but at & slower rate. Differences among soils as to the activities
of their cellulose decomposing microfloras may be demonstrated in soil burial tests.

In this test, cellulose in the form of cotton fabric is buried in a soil, and is
incubated under favorable meisture and temperature conditions. The atrip is recovered
from the soil, and the extent of degradation may be estimated by losas of weight or, if
appropriate equipment is available, by loss in tensile strength. The eocil burial test
is a convenient means of demonstrating that soils differ in cellulose decomposing
ability. If it is desirable to observe the microscopic appearance of the micmorganisms
that colonize cellulose, the method may be modified to include the burial of cellophane
strips (Tribe, 1957). The transparent cellophane strips may be examined microscopically

after recovery from soil, and some of the cellulolytic microorganiesme may be seen quite
eaeily.

MATFRIALS RECUIRED

Soils that differ in properties or that differ with respect to cropping history
or treatment; provide about a kilogram of sieved scil that has been collected
recently and has not dried. Rectangular pans approximately 5" wide by 4"
deep by 10" long, glase or plastic preferred. Other size pans may be
substituted easily.

Cellulose strips (cotton "duck", "canvas" or "sailcloth" weighing & to 10 ounces
per square yard), cut about 1" x 7". Provide 6 such strips for each soil to
be tested. Strips should be numbered separately, dried at TDQG for several
hours, and cocled in a desiccator.

Pan with distilled water to soak strips.

Pan with sodium nitrate, 100 mgfml, tc soak strips.

PROCEDURE

l. Select 6 cotton strips and weigh each on an analytical balance as soon as it
is taken from the desiccator. Hecord the number and weight of each atrip.

2. Place 3 of the sirips to scak in distilled water, and the remaining 3 to soak
in sodium nitrate sclution.

3. Weigh about a kilogram of moist scil and put approximately half of the soil
into the rectangular burial pan, so that a layer of soil at least 2 inches deep is
provided. Smooth the surface of the soil, compact it lightly, and place the distilled
water-scaked atrips on the soil surface. Cover the sirips with the remaining soil to a
depth of 1/2"-2", Add sufficient water to the surface of the soil to approximate the
moisture equivalent. Prepare a second burial pan in which the strips have been soaked
in sodium nitrate solution.



4. Hepeat the preceding steps for each soil sample provided. Incubate all soil
burial eystems for about 10 days in & high moisture chamber or in a high bumidity
incubator at 25-30°C, at 95-100 percent relative humidity.

S5+ At the end of the incubation period, remove the strips very carefully from the
s0il and wash each strip gently. Place the washed strips on a paper towel and dry in
the oven at T0°C for 24 hours. Weigh the dried strips and calculate loss in weight for
each strip during incubation. Carefully examine each strip for evidence of cellulocse
decomposition as indicated by pigmentation, holes in the fabric, or thin areas in the
fabric. Make sketches of typical areas of deterioration.
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SOLUBILIZATION OF PHOSPHATE BY S0IL MICRO-ORGANISMS

Large numbers of phoephate dissolving micro-arganisms are present in socil, especially
in the vicinity of plant roots. Many different kinde of soil micro-organisms bring more
phosphate into solution than is required for their own nutrition. This phosphate-
dissolving action, although widespread, is not specific. Inorganic phosphates are
dissolved by various by-producte of microbial growth, such as carbon dioxide, chelation
substances, and especially organic acids. Although micro-arganisms that appear capable
of placing the most phosphate in solution ocour in greatest abundance in the root zona,
it is not yet established that phosphate utilization by the plant is benefitted.
Competition from rhizosphere micro-organisms may prevent the plant root from assimilating
the phosphate solubilized in the root zone (Katznelson, 1965). Considerable attention
has been given to some large scale field experiments in which eoil wae inoculated with
a bacterium thought to be especially active in dissolving phosphate - Bacillus megaterium
var. phosphaticum. The variable results cbtained in these experiments was reviewed by
Mishustin and Naumova (1962).

This method merely illustrates that many of the microorganisms isolated from soil
are capable of placing inorganic phosphate into solution. Inorganic phosphate is
suspended in an agar medium. Micro-organisme that develop on this mediun and dissolve
the phosphates during growth, are indicated by a zone of clearing produced arcund the
colony. There is no assurance that the ability to dissolve rhosphate in such a culture
sysiem means that the same organism is equally active in dissolving rhesphate in the soil
or in the rhizosphere.

MATERIALS REQUIRED

Sections of fresh plant roots, or fresh, sioved mineral soil.

Phosphate precipitated medium (Gerretson, 1948): Carrot infusien, 1,000 ml
@team 1 kg finely chopped carrots in 1 liter of tap water in the autoolave
for 2 hours, filter); asparagine, 1 & glucose, 1.0 gy agar, 20 g. Sterilize.



Sterilize a 10% solution of KoHPO; (solution A) and sterilize separately a 10%
solution of CaCls (solution B). idd 0.5 ml solution A and 1.0 ml solution B
quickly and aseptically to the molten basal agar medium at 50°C. A
homogeneous precipitate of Gnﬂ?ﬂ4 forme. Use 15 ml portions immediately in
petri plates.

Sterile petri dishes.

Sterile pipettes, 1 ml.

Glucose — peptone - yeast extract slants. Oluccse, 1.0 g; yeast extract, 0.5 gj
peptone, 0.5 gj agar, 15 g3 tap water, 1,000 ml.

PROCEDURE

1. Pour plates of the phosphate-precipitated agar and allow plates to dry
overnight or for several hours to rid the agar surface of excess molsture.

2. Imbed small sections of freshly harvested rooctlets into the agar of several
plates, and distribute soil crumbs about the surface of several additional plates.

3., Incubate for 10-14 days at about 25°C and look for the development of colonies
charagterized by surrounding zones of clearing. -

4. Isolate and obtain pure ocultures of phosphate-dissolving micr-crganisms by
streaking out growth from colonies surrounded by clear zones.. Streak on plates of the
same phosphate-precipitated agar.

5. Examine the growth on streak plates and transfer pure cultures that exhibit
phosphate—-dissolving activity to slants of glucose - peptone — of each isclate.

REFERENCES AND ADDITIONAL READING

Cerretsen, F.C. 1948. The influence of micro—arganismes on the phosphate
intake by the plant. PLANT AND SOIL 1i51.

Xatzneleon, H. 1965. Nature and importance of the rhizosphere. In

OF SOIL-BORNE PLANT PATHOGENS (Baker and Snyder, editors).
Univ. of California Press, Berkeley.

Louw, H.A. and Webley, D.M. 1958. A plate method for estimating the
numbers of phosphate-dissolving and acid-producing bacteria in soil.
NATURE 182:1317.

Louw, H.A. and Webley, D.M. 1959. A study of bacteria dissolving certain
mineral phosnhate fertilizers and related compounds. J. APPL., BACT. 22:227.

Mishustin, E.N. and Naumova, A.N. 1962. Bacterial fertilizers, their
effectiveness and mechanism of action. MICROBIOLOGY (U.S.S.R.) 31:543.

METHOD 15
SULFATE REDUCING MICRO-ORGCANISMS IN SOIL

Microbial reduction of sulfate is brought about exclusively by the activities of
certain specific bacteria, referred to as the sulfate-reducing bacteria. These bacteria
are widespread in nature; they ococur in soil, in water, in sediments, and in sewage.

In soil the sulfate reducing bacteria are most active whore the water table is high and
anserobic conditions prevail as in paddy soils, bog soils, and heavy clay eoils. The
specificity of the sulfate reducing bacteria results from their use of sulfate as the
final, and generally indispensable, hydrogen acceptor, reducing the sulfate to sulfide.
Thus under anasrobic conditions in soil sulfate levels may fall and limit the awvailability
of sulfate to higher plants, especially at scil pH levels above 5.5. Hydrogen sulfide
formed by sulfate-reducers may react with iron to form ferrous sulfides to account for

the corrosiocn of iron pipes buried in wet soils. A pipe with walls one-half em thick may
be completely corroded and destroyed in seven or eight years.



The procedure outlined in this method is designed to demonstrate the occurrence of
sulfate reducing bacteria in socil, and to estimate their abundance. The technique is
adequate to reflect rough differences in numbers of sulfate reducers in different soils.
It is useful to demonstrate as well that these bacteria occur in normal arable soils,
that they are most active in waterlogged soils, and that sulfides accumulate during their
growth. For best results scils from arable fields should be compared with anaerobic
soils from boge or paddy fields. Other comparisons might invove differences dues to pH
and soil texture.

MATERTALS REQUIRED

Aercbic field soil and soil from waterlogged scil or bog.

Tubes, glass, 1 x 15 cm, sterile and plugged with cotton.

Medium for ‘'sulfate-reducers (Postgate 1963): KH2PO4, 0.5 g
HE&FI, 1.0 g; NapS04, 1.0 g; CaClp . 6HO0, 1.0 gj MgS0y . THQO, 2.0 gj
sodium lactate, 3.5 g; yeast extract, 1.0 g; ascorbic acid, 0.1 g;
thioglycolic mcid, 0.1 g; Faﬂﬂ¢ +» THz0, 0.5 g3 agar, 15 g; distilled
water, 1,000 ml. Adjust to pH 7.6 with NaOH. Place in 125 ml or 250 ml
Erlenmeyer flasks, stopper with cotton and autoeclave for 15 minutes at
121°C. (15 lbs pressure). Hold molten agar in water bath at 42-44°C
until used. '

Sterile water blanks, 95 ml, 99 ml, 9 ml.

Pipettes, 1 ml, sterile.

Agar, 1.5 percent.

FROCETURE

1. Prepare 1/10, 1/100, and 1/1,000 dilutions of each soil, and inoculate
1.0 ml of each dilution, in triplicate, into the sterile cotton-plugged, 1 x 15 cm tubes.

2. Add approximately 10 ml of the molten Postgate agar to each inoculated tube and
nix the inoculum thoroughly into the agar medium. Allow the inooculated agar medium to
Bolidify and then seal the top with a 1.5 om layer of agar to prevent access of air to
the igoculatad porticon. Replace the cotton stopper and incubate tubes for T-14 days at
25-28°C,

3. Identify the sulfate-reducing bacteria by the appearance of black coclenies
dispersed in the medium. The color is due to the release of hydrogen sulfide which
reacts with iron to form the black iron sulfide. Hydrogen sulfide results from the
reduction of sulfates by the epecific bacteria. Count the number of black colonies and
caloulate numbers of sulfate-reducing bacteria per gram of dry soil.
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METHOD 16

SULFUR OXIDATION TN SOIL

Oxidation of elemental sulfur by biological mechanisms takes place readily in most
soil environments. The element, sulfur, may be added to scile in agricultural practices
or it may be formed chemically through the ready oxidation of sulfides. Soils are
treated with elemental sulfur to relieve deficiencies of that element, or to increase
acidity as in the control of potato scab disease. Plant remains scmetimes introduce
elemental sulfur insofar as they may carry residues of some common fungieidal sulfur
sprays. Elemental sulfur and reduced forms of sulfur must be oxidized in the soil to
sulfate prior to use as a nutrient by plants.

Activation of elemental sulfur is generally attributed to certain autotrophic
bacteria of the genus Thiobacillus, notably T. thicoxidans. The fact that various
heterotrophic soil organisms may also oxidize elemental sulfur to sulfate is well
established, but the microbiology of the transformation has received little attention.
It is likely that heterotrophic forms account for most of the disappearance of sulfur
in soils not regularly treated with sulfur, so long as decomposable organic matter is
presant. :

The method outlines below required close attention to the analytical technigques
involved in the quantitative estimation of thé sulfate sulfur content of the soils
studied. Sulfur in a finely divided elemental form is added to the ecile and the
effects of additions of the specifiec sulfur oxidizing bacterium, Thiobacillus
thicoxidans, and readily decomposable organic matter are observed. If cultures of I.
thicoxidans are not available, effects of organic matter alone, or the effects of factors
such as temperature, moisture content, or crop history may be studied. In any case, the
index of sulfur oxidation is the appearance of sulfate, and successful use of the method
depends on mastery of sulfate analyses.

MATERTALS REQUIRED

Soils, to provide comparison of an acid soil with a nearly neutral soil.

Elemental eulfur, precipitated.

Legume meal.

Culture of Thiobacillue thicoxidans.

Erlenmeyer flasks, 300 ml, and 125 ml.

Balance.

pH meter.

Extracting solution — dissolve 39 g. of anhydrous ammonium acetate
in 1 liter of 0.25 N acetic secid. __

Sulfate standard solution (100 ppm S0, =-3) - dissolve 0.7703 g. of
MgSO, « THLO in 1 liter of extracting solution.

Activated charcoal (Norit 4).

Barium chloride crystals — ground to pase 20 mesh, but not 60 mesh screen.

Acacia stabilizer solution, 0.5% - dissolve gum arabic powder in
distilled water.

Filter paper, Whatman 42, volumetric flasks, 50 ml.

Filter funnels.

Pipettes, volumetric 5 ml and 10 ml.

Colorimeter, Klett—Summerson Photoelectric Colorimeter or equivalent.

FROCYIURE

1., Place 100 pram samples of soil into each of 4 Lrlenmeyer flasks and treat as
follows:



l. Unireated control nothing added

2. Add 0.5 g elemental 5

3. Add 0.5 g elemental S and 0.5 g legume meal

4. Add 0.5 g elemental 5 and 1.0 ml T. thicoxidans both cultures

Hix in all treatments and adjust to a favorable moisture content.

2. After T days and again after 14 days remove a 10 g sample for sulfate
determination, a 10 g sample for pH determination, a 10 g sample for moisture determination.

3. Determine moisture content by drying at 105°C for 24 hours, and determine pH
on the soil paste prepared by adding water to a 10 gram sample of soil.

4. Prepare a standard curve for sulfate determination: Dilute the standard
solution of Hgﬁﬂ4 containing 100 ppm S04  -S with extracting solution so as to contain
0, 2, 5, 10, 15, 20, 25, and 40 prm S04 "=8. Use 50 ml volumetric flasks for these
working eolutions. Pipette 10 ml of each working solution into a 50 ml Erlenmeyer flask
and add 1 ml of acacia gum solution. After mixing, add 0.5 g., BaCls crystals, allow to
stand 1 minute, then swirl until the BaCl, crystals are dissolved and make to volume.
Transfer to a colorimeter tube and read tﬁe turbidity at once on a Klett-Summerson
Colorimeter using the 420 (blue) filter. Plot colorimeter scale units againat sulfate-
sulfur concentration for standard curve.

5. Dxtract one 10 g sample of soil for sulfate determination: Add 0.2 grams of
charcoal and 25 ml of extracting solution to the 10 g of soil in a 125 ml Erlenmeyer
flask. Shake well over a 5 minute period. Allow to settle for 10-15 minutes and filter
the supernatant fluid through Whatman 42 paper. HReturn the filtrate through the filter
paper if turbidity is evident. To 10 ml of filtrate in a 50 ml volumetric flask add
1 ml of gum arabic stabilizer and 0.5 g barium chloride crystals. Allow to stand 1 minute,
then ewirl until BaCl, crystals are dissolved while adding water to make to 50 ml wvolume.
Transfer to a colorimeter tube and read the turbidity at once on the colorimeter using
the 420 millimicron range (blue) filter.

Refer values obtained to the standard curve. Filtrates too high in sulfate should
be diluted quantitatively with extracting solution to fall within the range of the
standard curve.

6. Organize all data. Record sulfate sulfur as milligrams per gram of dry soil.
Include data on pH, report all turbidity measurements, and plot the standard curve.
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METHOD 17
NITRIFICATION ENRICHMINT CULTURE

The activitiee of the autotrophic nitrifying bacteris in ecile may be demonstrated
by introducing & emall amount of eoil into an inorganic medium containing ammonium or
nitrite nitrogen. The ammonium ion serves as the specific nitrogen and energy source

for bacteria mainly of the genera Nitrosomonas and Nitroscoogcus. It is oxidized to
nitrite in the reaction:

NE '+ 1 1/2 0, 20" + H + N0, + 66 keal.
Energy released in this reaction is used to reduce scluble carbon dioxide,
carbonates, or bicarbonates, to cellular carbon. A few other epecific autotrophic
bacteria, notably members of the genus Nitrobacter, oxidize nitrite to nitrate:

N0, + 1/2 0p 9 NO;” + 17.5 keal.

The autrotropic nitrifying bacteria are generally considered to be the sole
biological agents responsible for the formation of nitrate in soils, sewage, and aguatic
environments. The importance attributed to these bacteria stems from the fact that
nitrate serves as the principal scurce of nitrogen for higher planta. Nitrifying
bacteria are notoriously difficult to isolate and thie has been a contributing factor to
& lack of precise information concerning their existence in soil.

Nitrification is not restricted to the autotrophic nitrifying bacteria however,
since certain heterophic micro-arganisms are known to form nitrate or nitrite (Schmidt 195¢
The most active of the heterotrophic nitrifiers is the scil fungus Aspergillus flavus,
but it ie not known if this or any other heterotroph actually participates in nitrificatic
in soil environments. Nitrification is illustrated in this method merely by the
inoculation of soil into an inorganic solution. The method is satisfactory as a
demonstration that scil containe organiems that will oxidize ammonium or nitrite. The
method further serves as an enrichment procedure if the nitrifying bacteria are to be
studied in more detail. Rates of nitrification in such solution cultures however, are a
poor index of the nitrifying capacity of the eoil itself.

MATERIALS REQUIRED

Soils., moist and recently collected.

Basal nitrification medium: KHpPO4, 0.5 g3 KpHPO4, 1.5 g3 MgS04 . TH20, 0.5 g
CaClz, 0.25 gy Faz(ﬁﬂ4} s 0.01 g« Distilled water, 1,000 ml. Distribute
50 ml quantities into 250 ml Erlenmeyer flasks, plug with cotton, autoclave
10 minutes at 121°C.

Ammonium sulfate solution - § mg/ml, sterile.

Sodium nitrite solution - 2.5 mgfml, sterile.

Pipettes, sterile, 1 ml.

Aomonium nitrogen test reagent (see Appendix).

Nitrite test reagent Euee Appendix).

Nitrate test reagent (see Appendix).

Spot plates.

PROCEDUEE

1. Obtain 4 flasks of bazsal mediuvm for each soil to be included. Complete the
basal medium as follows:

(A) Add 1 ml of ammonium sulfate solution aseptically to each of
2 flasks conteining 50 ml of basal medium. This medium will
test for the presence of ammonium oxidizing micro-arganiems.



(B) Add 1 ml of sodium nitrite solution aseptically to each of
2 flasks containing 50 ml of basel medium. This medium is
used to test for nitrite oxidizing forms.

2. Incculate 1 flask of medium A and 1 flask of medium B with about 0.2 g of
fresh, moiat soil. HRetain the other flasks as uninoculated ccntirols.

3. Incubate at room temperature. 7Twice weekly over a periocd of 3-4 weeks, withdraw
samples for gualitative spot tests for ammomium, mitrite, and nitirate. Indicate the
intensity of each test on a scale ranging from + (weak) to ++++ {strong). Prepare a
complete record of the progress of nitrification as reflected in the qualitative spot
test data.

4. If all ammonium nitrogen disappears from the incculated flasks of medium A,
transfer 1 ml to & new flask of medium A and observe the rate of ammonium disappearanca
a seoond time with this enriched inecculum. Do the same if all nitrite in medium B is
cxridized. Ammonium will be oxidized fto nitrite, but the nitrite will neot accumulate in
medium A singe it will in turn be oxidized to nitrate, but low concentrationse of nitrite
should be detected until all the ammonium is gone. In medium B the nitrite will be
converted to nitrate and this medium reflects the activity of nitrite oxidizers only.
Fote carefully that the qualitative test for nitrate is wvalid only after all nitrite has
disappeared.
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URTHOD 18

AJMMONIFICATION AND NITRIFICATION IN SOILS

Under normal soil conditions with the supply of readily available energy to miecro-
organisms very limited, there 1s only a low level of amwmonia formation. The ammonium
nitrogen forms slowly but steadily as the organic nitrogen complexes of the soil organie
pmatter and the nitrogenous constituents of dead microbial tissue are decomposed. This
proocess, referred to as ammonification, goes on in poor sBoile and in good soils under a
wide range of conditions and is participated in by s wide wariety of soil micrmerganisms.
When fresh residues are added to soil ammonia is evelved in much larger amounts than in
unamended scil. Evolution of ammonia may take place very early in the decomposition of
those residues high in nitrogen, or somewhat later in the cmse of low nitrogen residues,

The ammonia released in soils by microbial activity is retained by the colloidal
surfaces of soil particlea. Under rather poor soil conditions tha ammonia formed will
constitute the end preoduct of mitrogen mineralization. Under the scoil conditions
associated with good fertility however, ammonia will be oxidized almost as rapidly as it
is formed, due to the activity of nitrifying organisms (Metnod 17). Ammonia is oxidized
to nitrite and the niirite is further oxidized to nitrate. The greater reaction rate of
the oxidation of nitrite to nitrate prevents the aceumulstion of the nitrite ion in seoil.



Follow the course of ammonification and nitrification reactions in different soile
in the laboratory. The method provides for the qualitative examination of the changes
in ammonium and nitrate concentrations with time in normal scils, and in soils amended
with a residue high in nitrogen.

MATERIALS REQUIRED

Soils.

Legume meal.

Flaske to hold 50 grams of soil each.

Sodium chloride, 1N.

Buchner funnels.

Whatman 42 filter paper.

Suction flasks marked at 250 ml wvolume level.

Small teat tubes.

Nesslers reagent (ammonium test reagent, Appendix).
Diphenylamine reagent (nitrate test reagent, Appendix).

PROCEDURE

1. Weigh out and distribute & raplicataﬁED gram portions of each soil into
flasks. Treat as follows:

a 3 flasks — untreated soil
b) 3 flasks - add 0.5 grams of legume meal, mix well.

2. Bring all soils to favorable moisture level by the addition of tap water.
Cover the containers and record the weight of each sc that any moisture losses during
incubation can be restored as necessary. Incubate at 25-3ﬂ°ﬂ.

3. After 4 days incubation analyze 1 untreated soil and 1 amended (legume meal)
so0il, gualitatively for amnmonium nitrogen and for nitrate. Since the ammonium is held
in the soil on the colleidal complex, an exchange extraction procedure is required to
relezse the ammonium. Frepare the extract and test for both apmonium nitrogen and
nitrate in the extract as follows.

4. Pour 100 ml of 1N sclution chloride into the flask containing scoil. Stopper
and shake intermittently for 30 minutes. Set up a Buchner filter fitted with s moist,
retentive filter paper circle, and connected to a suction flask for collecting the
filtrate. Hark the side of the suction flask to indicate & wvolume of 250 ml. Wash the
goil onto the filter and collect filtrate while leaching the soll with additional
sodium chleride. Continue the leaching under gentle suction until 250 ml of extract
are collected.

5. Test the undiluted extract for ammonium by adding 0.5 ml of Nesslers reagent
to 5 ml of extract in a small test tube. If orange color is intense or if a precipitate
forms, dilute the extract quantitatively with distilled water (1l:2, 1:4, etc.) until a
light oranpe color is obtained. Be sure and record the dilution observed and the color.
Similarly test for nitrate by adding 0.5 ml of diphenylamine reagent to 5 ml of extract.
Again dilute as neceasary to obtain a light blue color.

6. Repeat the analyees after 7 days with a second set of soil samples and again
after 14 days with the final set. Test at exactly the same dilutions ae used in the 4
day analyses. Tabulate data for the variocus incubation periocds.
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METHOD 19
DENITRIFICATION IN SOIL

Nitrate is subject to ready reduction by many micro-organisms in solle and culture
media. Most of the reducticna of nitrate merely result in the circulation of nitrogen
atoms in reduced forms in the soil. Some reductive changes may be of considerable
importance however, in that they tend to deplete the supply of available nitrogen.

It is essential to distinguish among the types of nitrate reductions that may occur.
Nitrates are reduced in the course of nitrogen assimilations by a great many mioro-
organisms and higher plants. The nitrate ion serves in nitrogen assimilation as a
source of nitrogen in the synthesis of cell material, and intermediate compounds are not
detectable. Nitrates are reduced also in reactions generally referred to as nitrate
reductions. In these transformations the nitrate acte as the principal hydrogen
acceptor in the absence of molecular oxygenj nitrate is most commonly reduced to nitrite
but also ie reduced to ammonia by some bacteria. Many anaerobiec and facultative bacteria
use nitrate in this manner as a hydrogen acceptor. In the third type of reaction
nitrate aleso serves as the acceptor of hydrogen derived from the oxidation of wvarious
organic compounds (hydrogen donors); however, the nitrate is reduced to nitrogen gas or
to gaseous oxides of nitrogen. OSuch reductions are referred to as denitrification, and
are carried out by a few facultative anaerobic bacteria. 5Since gaseous nitrogen is
readily lost, denitrification reactions may constitute a seriocus less of available
nitrogen under some conditions. Denitrification reactions are favored by circumstances
that include the presence of nitrate together with anaerobic conditions, alkaline
reaction (pH 7.0-8.-2), and readily available energy supply (bydrogen donator).

The method described here merely shows the disappearance of nitrate from soil as
influenced by anaerobic conditions [waterlngging] and presence of decomposable organic
matter (gluﬂosa]. All data are based on nitrate determinations. Much more elaborate
analyses would be required to prove that the nitrate disappeared because of
denitrification. However, as this experiment is set up, any marked losses of nitrate
that are observed are almost certainly due to denitrification. This is because ammonium
nitrogen is added together with nitrate, and the groator part of the niirogen locked up
in cell synthesis will be ammonium nitrogen. MNarked losses of added nitrate then, will
not be due to nitrogen assimilations, but will be directly related to denitrification.

MATERIALS REQUIRED

Soil of known low moisture content, pH 7-8.

Erlenmeyer flasks, 250 ml, large mouth, or drinking glass {tumblers.
Balance.



Erlenmeyer flasks, 1 liter, and 50 ml.

Copper sulfate extractant, 0.02N, 500 ml for each soil sample to be
extracted.

Calcium sulfate, powder, to flocculate soil colloids during extraction.

Filter funnel and Whatman 42 filter paper.

Volumetric pipette; or graduated cylinder, 50 ml.

Kjeldahl flask, 1 liter, and condenser to fit.

Magnesium oxide, powder.

Distilled water, ammonia free.

Boric acid - indicater = Dissolve 20 g of pure H3BO3 in about TOO ml of hot water,
cool, transfer to a 1 liter wvolumetric flask containing 200 ml of ethanol and
20 ml of mixed indicator prepared by dissolwving 0.330 g of bromocresol green
and 0.165 g of methyl red in 500 ml of ethanol. After mixing the contents of
the flask, add approximately 0.05N NaOH cautiously until a color change from
pink to pale green is just detectable when 1 ml of the sclution is treated
with 1 ml of water, then dilute the scluticn to volume with water and mix it
thoroughly (Bremner, 1965).

Nesslers reagent for colorimetric ammonia test (Appendix).

Tevarda alloy.

Standard sulfuric acid, 0,005N.

Microburette, 10 ml.

PROCETITRE

l. ¥Weigh 100 gram portions of soil and place in 250 ml Erlenmeyer flasks or in
glass tumblers (drinking glasses). Prepare 4 replicates. Treat as follows:

ng 2 sets: soil plus 0.25 g NH,NO,
b) 2 sets: soil plue 0.5 g glucosé plus 0.25 g NH4NO3

2. Mix soil and amendmentis thoroughly before wetting the soil. Add water to )
soil of set a, and 1 soil of set b to approximately one half the water holding capacity.
These will represent aercbic eoil systems. Add water to the 2 remaining soils to 100
percent water holding capacity (saturated). These high moisture soils will represent
anaerocbic (waterlogged) conditions. Weigh each soil and container tc establish weight
at start of incubation.

3+ Incubate all soils at EE—BUOG for a pericd of 14 days. DIuring incubation check
the weight of each soil frequently and add water as indicated to restore moisture losses.

4. Analyze for nitrate nitrogen after 14 days. The procedure involves (a)
extraction of nitrate, (b) distillation and discard of any ammonia present in the extract,
(¢} reduction of nitrite and nitrate still rresent in the extract, with Devarda alloy,
and (d) dietillation and determination of the ammonia formed from the reduction of nitrite
and nitrate. GSince the amount of nitrite present will probably be negligible, the amount
of asmmonium nitrogen finally measured, will represent almost solely, nitrate extracted
from the soil. ’

Proceed as follows: Transfer all soil from the incubation container to a 1 liter
flask or bottle by washing with a portion of 500 ml of 0.02N copper sulfate. When all
soil 1s transferred add the remainder of the 500 ml of copper sulfate and about 0.5 g
of calecium sulfate. Stopper well and shake vipoerously for 10 minutes, and decant the
supernatant through a relatively fine filter paper (Whatman 42 or equivalent), collecting
about 100 ml of clear filtrate. If first portion of filtrate is cloudy, return it to
the filter. Place a 50 ml aliquot of the filtrate into a Kjeldahl flask (1 liter), add
100 ml of ammonia-free distilled water, and 0.5 grams of mapgnesium oxide. Attach the
Kjeldahl flask to a condenser tube and heat to mild boiling, testing the condensate as
it distills over for ammonium, using Neeslers reapgent.



When the Nesslers test is very faint on the dietillate as it comes off, stop the
heating and discard any distillate collected. Allow the Kjeldahl flask to cool. Add
5 ml of borie acid indicator solution to a 50 ml Erlenmeyer flask marked so as to
indicate & volume of 30 ml. Place the flask under the condenser so that the end of the
condenser delivery tube is just below the surface of the boric acid. Add additional
amponia-free distilled water if necessary, to the Kjeldahl flask. Place 0,3 g of
Devarda alloy into the extract, connect the condenser quickly and heat to gentle boiling.
Collect the dietillate until the 30 ml mark is reached on the receiving flask, then
withdraw the receiving flask and stop the heating. Determine the ammonium nitrogen in
the distillate by titration with 0.005N H,S04, from a microburette. The end point ie
reached with a color change from green to a permanent, faint pink.

Caloulate the amount of ammonium present in the distillate (nitrate plus nitrite
present in the 50 ml aliquot of copper sulfate extract). One ml of 0.005N HyS0, is
equivalent of T0 micrograms of ammonium ¥ or, in thie case, assume T0 microgramse of
nitrate nitrogen.

5. Collect data on all soils and record results of nitrate nitrogen analyses.
Tabulate data and interpret.

REFERFNCES AND ADDITIONAL READING

Allison, F.E. 1955, The enigma of scil nitrogen balance sheets.
ADV. AGRON. T:213. ;
Bremner, J.M. and Shaw, K. 1958. Denitrification in soil I and II.
J. AGRIC, SCI. 51:22"4°i ’ ‘
Bremner, J.M. 1965, Inorganic forms of nitrogen. In METHODS OF SOIL AVALYSIS Part 2
(c.A. Black, editor) Amer. Soc. Agron. Inc., Madison, Wisconsin.
Kluyver, A.J. and Verhoeven, W. 1954. GStudies on true dissimilatory nitrate
reduction II. The mechanism of denitrification. ANTON. v. LEEUWENH. 20:241.
MeCarity, J.W. 1961. Denitrification studies on some South Australian
soils. PLANT AND 30 14:1.
Nommik, H. 1956. Investigations on denitrification in seil. ACTA. AGRIC. SCAND. 6:195.
Woldendorp, J.W. 1962. The quantitative influence of the rhizosphere on
denitrification. PLANT AND SOIL. 17:267.

METHCD 20
ORCANIC RESIDUES AND SOIL AGCREGATION

Arrangement of individual soil particles into stable crumbs or granules is a
feature of the most productive agricultural soils; soil microbes contribute to the
formation of this stable crumb structure. The relative contribution of soil micro=
organisms to the formation of soil structure cannot be evaluated, for the process is not
well understocd. Physical-chemical reactions, plani development, and the activities of
the microfauna and macrofauna also contribute to the evolution of stable structural
aggregates in soil.

The impact of soil microorganisms appears to be important during the early stages
of structure formation with the cementation of newly formed aggregates into crumbs
(Jack, 1963). Cementation and glueing substances include "humic" by-products of
microbial action on s0il organic matter, and polysaccharide and other capsular substances
assoclated with bacterial developmentj temporary binding effects result from fungal
hyphae extension (McCalla, 1945; Martin, et al. 1955; Iimura and Egawa, 1956). Addition
of decomposable organic matter to soil results in a marked inoresse in water stable
aggg;gataa, at least during the period of virorous microbial activity (Iimura and Egawa,
1956).



Effecte of intensive microbial activity on the water stability of soil extracts
are examined in this method. Soil is incubated both with and without an added source
of energy. The marked increase in microbial activity in response to available organic
matter will influence the water stability of aggregates present in soil. In some soils
the aggregates may become more water stable due to slimes and gums formed during intense
microbial activity; in other soils the aggregates may already be highly water stable,
and intense microbial activity may either have no effect or may even reduce the water
stability to some extent. The method should be applied to several soils to note wvarious
effects, but the method should not be considered as a technique to measure soil structure.
It is meant only to demonstrate effects of microbial activity on scil aggregates.

MATERIALS REQUIRED

Soil samples.

Sucroee.

Legume meal.

Ammonium chloride, powder or crystalline.
Moist chamber for incubation.

Sieve assembly: screen mmbers 5(5 mm), and 3(3 mm).
Analytical balance.

100 ml beakers, dry and tared.

l1-liter flasks.

l-liter graduated oylinder.

Volumetriec pipette, 50 ml or 25 ml.
Machine shakes if available.

EROCETURE
l. Prepare 500 gram samples of soil as follows:

a) Untreated
b) Treat with 0.5 percent sucrose and 0.1 percent ammonium chloride
¢) Treat with 0.5 percent ground legume meal

Add water to about 60% moisture holding capacity and incubate in a moist chamber for
2 weeks.

2. BSeparate an aggregate fraction. After incubation spread the scils on paper and
allow teo air dry. Transfer the dry scoil to a sieve assembly composed of a top sieve
with 5 mm Bcreen, second sieve with 3 mm screen, and unscreened bottom pan. Sieve the
soil and collect the portion that passes through screen 5(5 mm), and is retained on
screen 3. This is the 3-5 mm aggregate fraction. Weigh out 10 g of 3-5 mm aggregates
from each treatment.

3+ Test the water stability of the 3-5 mm aggregates. Add 10 grams of aggregates
to 500 ml of water in a 1 liter flask or bottle. Stopper tightly and shake wigorously.
If by hand, shake intermittently for 25 minutes. If by reciprocal shaking machine,
shake for 10 minutes. Transfer the shaken suspension to a 1 liter graduated cylinder
and add water to the 1 liter mark. Up-end the ¢ylinder 3-4 times to suspend soil, place
at rest and after exactly 3 minutes of setiling, withdraw a 50 ml aliquot ueing a 50 ml
volumetric pipette (or 2 samples with a 25 ml pipette) inserted into the suspension
column to a depth of 10 cm. Discharge the 50 ml aliguot into a previously dried and
tared beaker. Repeat to obtain a total of 3 replicate aliguots from each cylinder but
be sure to resuspend the soil by up-ending prior to each sampling. Ity for 24 hours at
105°C and determine weight of soil.

4. HRecord data and compare soil treatments. Note that the method measures water
»tability indirectly. If the aggregates are fully water stable during the shaking
precedure, they will not break or slake but will settle out completely during the 3



minute settling period. If the aggregates are not fully water steble there will be some
disruption and slaking with the release of smaller aggregates, and particles of sand,
8ilt, and c¢lay. Some of the silt and clay particles will remain in suspension and will
be collected in the aliquot after 3 minutes. The weight of suspended material will
provide an index of the stability of the soil aggregates when shaken in water, as in
this experiment.
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Section 5

NITROGEN FIXATION IN SOILS



METHOD 21
ISOLATION OF RHIZOBIUM ROOT NOTULE BACTERIA

The most important system by which molecular nitrogen is fixed biologically results
from a symbiotic asscociation between a soil bacterium and a legume plant. Practical
agriculture since ancient times has made use of the benefits of this symbiotie
association. Members of the genus of soil bacteria, Rhizobium, infect legume seedlings
through root hairs and stimulate the formation of tumor-like nodules on the roots. The
nodules, comprised of both plant and microbial tissue, are capable of using atmospheric
nitrogen. Nitrogen fixed by the symbiotioc structure is stored by the legume in the form
of protein and other constituents of the protoplasm. The rhizobia are aerobie, non-
sporulating rods that develop well in carbohydrate media, but are unable to use free
nitrogen when cultured independently of the plant host. Within the nodule the bacteria
assume various growth forms and usually appear in microecopiec examination of crushed
nodule material as highly vacuclated, pleomorphic cells.

The objective of this method is to provide a procedure for the isclation of Rhizobium
species from nodules found on the roots of legume plante. It is important to know if
legumes grown from uninoculated seed under conditions of local agriculture do become
nodulated. If nodules are not present the effect of seed inoculation with appropriate
strains of Rhizobium should be studisd in the field or in the greenhouse according to
Method 23. If nodules are present on plants grown from uninoculated seed, it is
necessary to determine the effectiveness of these nodules formed by "wild" strains of
Rhizobium in the local soils. The first step in this procedure is the isclation of the
"wild" Rhizobium straine (this Method).

Isolations may lead to recovery of several strains of Rhizobium of warying
effectiveness, even from the same plant, and even the inadvertent presence of non-
nodulating bacteria that resemble Rhizobjum. Thus it is necessary to test all isoclates
that look like Rhizobium, first for ability to incite nodule formation, and then to test
further those that can nodulate, for their effectiveness in fixing atmospheric nitrogen.

Ieolation is accomplished by the procedure listed in this Method. Testing of a
relatively large number of such isolates simply to tell whether each will, or will not,
nodulate the legume of interest follows in the next procedure (Method 22). Finally in
Method 23, the techniques for comparing the effectiveness of the more promising isclates
is outlined.

MATERTALS REQUIRED

Root systems of nodule-bearing legume plants, freshly collected.

Sterile water.

Sterile Petiri dishes.

Ethanol, 70 percent.

Sterile forceps.

Scalpel or razor blade.

Inoculating loop.

Mannitol-yeast extract-congo red agar: Mannitel, 10 g; yeast extract, 0.1 gj
K HPO,, 1.0 gy Mg304 . THZ0, 0.2 g; NaCl, 0.1 g; Congo red dye, 2.5 ml of
a 1% golutiun; agar, 15 g3 tap water, 1,000 ml.

PROCEDURE

l. Wash the soil from the roots and nodules of the legume plant chosen for study.
Note the appearance, distribution, and abundance of nodules.



2. Carefully cut, do not tear, a nodule from the root so that a small portiomn of
the root remains attached. If possible, select a plump firm nodule preferably pinkish
in color. Wash under running water to insure the remowal of all soil particles.

3. Put the nodule intoc a petri dish containing 0.1 percent HgCl, and leave it
impersed for 5 minutes.

4. Transfer the nodule to a sterile petri dish containing sterile water. Use
sterile forceps 1o make the transfer. Wash the nodule in the sterile water.

5. Transfer the nodule to another petri dish containing 70 percent ethancl for 3
pminutes. Remove to another petri dish of sterile water and rinse thoroughly, then
tranefer to a second plate of sterile water for final rinsing.

6. Add 1.0 ml of sterile water to each of six sterile petri dishes. Remove the
nodule from the rinse water to petri dish No. 1 and erush it with flamed forceps. MNix
the nodule tissue with the water.

7. Transfer two loopfule of the suspension in the Fo. 1 petri dish to petri dish
No. 2 and mix it with the sterile water previously added. Repeat this loop dilution
progressively for plates Nos. 3, 4, 5, and 6.

8. 4dd 15 ml 8f pannitol-yeast extract—congo red agar (melted in a boiling water
bath and held at 42°C for pouring) to plates Nos. 2 to 6 inclusive. Mix the agar and
dilutiona thoroughly by swirling, and incubate at 28°C for T days.

9. At the end of one week representative colonies of Rhizobium should have
developed and isclations can be made for further use or storage. Select the mucoid, or
flat, watery colonies that are most abundant in the loop dilution plates. Choose an
isolated colony among the dominant, Rhizobium = like colonies derived from a single
nodule, and transfer aseptically to several slants of the same medium. Label, incubate,
and store for further testing.
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ETHOD 22
REL ARY TESTING OF RHIZOBIUM ISOLATES FOR ABILITY TO NODULATE

Bacteria often are isclated from the nodules of legume plants, in order to obtain
straine of Rhizobium that are suitable for seed inoculation. The isolation procedure
may lead to a relatively large number of isclates derived from different nodules on the




same plant species, or from the same plant species in different locations, or from
different species of legume. It is important to know whickh isclates of Rhizobium form
the most efficient nodules on a given legume, but it is first necessary to screen the
isolates for ability to form nodules at all. It may not be assumed that all isclates
obtained by following the procedure of Method 21 will form effective nodules; some may
not form any nodules, and some may form nodules that fixr little or no nitrogen gas.

It is the purpose of this method to provide procedures to test a large number of
isclates in a preliminary fashion. These isolates that are contaminants, those
Bhizobium isclates that fail to nodulate, and those Ehisobium isclates that form typically
ineffective appearing nodules, are detected and discarded. The technique of surface
sterilization of legume seeds (step 3) must be mastered before this Method is started.

MATERIALS REQUIRED

Test tubes: approximately 2.5 oem x 15 om for emall seed legumes;
approximately 4 x 20 cm for large seed legumes.

Vermiculite.

Nitrogen-free nutrient solution, sterile. (Bryant's modification of
Crone's salt solution - Allen, 195%) Stock salt mixture:s Potassium
chloride, 100 g; calecium sulfate, 2.5 gy magnesium sulfate, 2.5 gj
tricalecium phosphate, 2.5 g3 ferric phosphate, 2.5 g§ mix all salts
and grind to a fine powder. Add 1.5 gram of this stock salt mixture
?er %,?ﬂﬂ ml water and autoclave for 40 minutes at 15 pounds pressure

121%C).

Legume seeds of appropriate species, based on isolates 1o be tested.

H505, 30 percent. Fresh solution, refrigerate when stored.

Petri dishes and sterile water.

Sterile blotting paper in Petri dishes.

Sterility test media (see step 3).

Suspensions of bacterial isolates to be tested. OCrow isolates on
mannitol-yeast extract agar (Medium 21 with Congo red solution
omitted) on large test tube slants or on bottle slants until good
growth is obvious on the surface. Wash with 5-10 ml of sterile
nutrient solution (above) to cbtain a dense suspension of each isclate.

Sterile forceps.

Sterile pipettes, 10 ml.

FROCEDURE

1. Fill test tubes half way to the top with air dry vermiculite. Use the same
weight of wermiculite in each tube. Flug with cotton and autoclave for 20 minutes at
15 pounds pressure (121°C).

2. Moisten the sterilized vermiculite by adding aseptically an appropriate volume
of sterile nitrogen-free nutrient solution. The vermiculite should be thoroughly
moietened, but must not be waterlogged. Determine the amount of soclution by trial and
error, to arrive at & volume suitable for routine use.

3. Surface sterilize the legume seed to eliminate any rhizobia that may be present.
Imneree seed in fresh 30 percent hydrogen peroxide for 20 to 30 minutes. Hinse several
times with sterile distilled water. Spread the seeds on sterile blotting paper in
Petri dishes. Large seeds should be inoculated and planted promptly after surface
eterilization. A check on the effectiveness of the surface sterilization should be a
prart of each experiment. Therefore, if small seed legumes are studied, transfer 10-20
surface sterilized seeds aseptically to the surface of a Petri plate containing
mannitol-yeast extract agar EHethod 21 with congo red solution omitted) and incubate for
2-3 days. For large secded legumes, set up about 10-12 test {iubes containing sterile
mannitol-yesast extract broth (Method 21 with congo red solution and agar omitted);




introduce one surface sterilized seed aseptically into each tube of broth and incubate.
If contamination is obvious in most test seeds (colonies around seeds on the agar, or
turbidity in the tubes) the entire experiment must be repeated and material already set
up in the following steps must be discarded.

4. Inoculate the appropriate surface sterilized test seeds with & test strain of
Bhizobium. Be sure that the isoclate of Rhizobium to be tested is matched to an
appropriate legume seed. It is essential, therefore, to incculate a given isolate into
seeds of either the same species of legume from which the isclate was obtained originally,
or on seeds of legumes in that same inooculation group. Place 5 surface eterilized seeds
in a eterile Petri dish and add a dense suspension of the isclate to be tested, in
sufficient wvolume to eubmerge the seeds when the plate is tilted. Allow seeds to socak
in the inoculum for 10 minutes.

5. Tranefer incculated seeds to the vermiculite growth tubes. TUse & sterile
forceps and drop 1 seed per tube onto the surface of the sterile moiestened vermiculite.
Heplace cotton stopper.

6, Cover seceds with sterile moistened vermiculite. It is convenient to prepare
extra tubes of sterile moistened vermiculite (steps 1 and 2) and to use these to add
enough vermiculite to cover the seed completely to a depth of 1 oms Simply pour
sufficient vermioculite from the extra tubes into the tubes with eseds.

T+ With cotton stoppers in place incubate all tubes exposed to adequate light,
and at temperature between 60-80°C. Temperatures must not exceed 80°C. Retain the
cotton plug until the plant grows up to the base of the plug and starts to push againet
it. Then discard plug and leave the growth tube open. Incubate the growth tubes for
a total of 4-6 weeks. Check the moisture level after 2 weeks and add sterile water
(not nutrient solution) if necessary. If 2 additional vaterings are required, make the
second one with sterile nutrient solution. Under most conditions it will not be
necessary to add any additional moisture during the entire growth periocd.

8. After 4-6 weeks growth, recover as many of the 5 original replicates as had
germinated and developed into growing plants. Record the number of plants harvested in
each series, and examine each for the presence of nodules. Note carefully those
nodules that are pink colored and located near the larger roots. Such nodules are
presumed to be effective nodules. Record also the presence and distribution of smaller,
whitish colored nodules frequently found on fine lateral roots. Such nodules are
presumed to be ineffective nodules. The legume-RhizZobium associations that consistently
Field the most abundant effective nodules are of greatest interest, and these should be
tested further to evaluate the effectiveness of the asscciation more guantitatively in
Method 23.
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METHOD 2

TESTING RHIZOBIUM ISOLATES FOR NITROGEN-FIXING ABTLITIES

Different strains of Rhizobium vary considerably with respect to the efficiency
with which the nodules that they form are able to use atmospheric nitrogen. The
nitrogen-fixing ability of any given isolate of Rhizobium can be determined only by
plant tests in a properly constructed greenhouse or plant-growth chamber. This Method
describes procedures for a more detailed evaluation of the efficiencies of those
isolates that appeared most interesting in the preliminary tests.

Isolates are tested for efficiency by growing the inoculated legume in sterilized
sand treated with nitrogen-free plant nutrient sclution. Under these conditions plant
growth is dependent on the nitrogen fixed by the symbiotic relationship. The more
efficient the strain of Rhizobium, the better the appearance of the plants, and the
higher the plants im total nitrogen and in dry matter produced. Tests designed to
etudy efficiency should provide good growing conditions for the legume host in clean,
dust-free surroundings. Strict attention to sanitation must be observed throughout,
to insure that the growth response of the host is soclely a function of the applied
Rhizobium, and is not due to contaminating bacteria.

MATERTALS RFQUIRED

Self irrigating assembly for growing lnal,:_n;u:mzm.1""'IIr (See Fig. 4 and step L)
Provide 1 uninoculated unit and 5 replicates for each Ehizobium isclate.

Clean washed sand, coarse, about B80% total weight retained on a 50 mesh
screen, and about 20% of this should be larger than 30 mesh.

Layer of gravel

s gy I—< Round, bottomless, screw cap bottle filled
. e with coarse sand

Screw cap, perforated

Glass jar containing nutrient solution

Modified Leonard type self-irrigating assembly for growing legumes
(courtesy Dr. L.W.Erdman, formerly Research Microbiologist, Soil
and Water Conservation Division, United States Department of
Agriculture, Beltsville, Maryland U.S.A.)

Fig. 4

l/ A simpler culture method employs erockery pots filled with moist sand. The pots
are wrapped in paper and stcam sterilized for one hour on tahree successive days.
The lerume seed is planted aseptically in the sand, the incculant is added and the
plant nutrient sclution ies added as needed.



Bryant - Crone nitrogen-free nutrient solution (Method 22).
Sterile forceps.

Sterile Petri dishes.

Eydrogen peroxide, 30 percent.

Seeds of the legume under test.

Rhizobium isolate, 50 ml heavy suspension (Method 22).

PROCETDURE

1. The unit is made up of a bottomless (approximately one liter), round, screw
cap bottle filled to within 7-8 em of the top with dry washed eand and inverted into a
jar of elightly larger diameter. The top of the bottle should extend to about 2 cm
from the bottom of the jar to insure continuous nutrient supply. The larger jar serves
as a reservoir for the nitrogen-free nutrient solution and as a support for the inverted
bottle used for growing the test seedling. Avecid sand that is too fine, as it may
become waterlogged. Check pH of sand-nutrient solution system and adjust pH of the
nutrient solution so that the final pH of the rooting system is about 6.5. The bottom
of the bottle is removed first by making a circular scratch with a file just above the
bottom of the bottle. The bottle is then placed in a revolving holder and a fine
acetylene flame is played on the revolving bottle along the scratched line. The bottom
will drop off in about 30 seconds. The cut edge can be esmoothed with emery paper.

2. The self-irrigating assembly is filled with sand and the open top is covered
with heavy wrapping paper or aluminum_foil. Next, sterilize the apparatus in the
autoclave at 15 1lbs pressure (1 kgfumz} for two hours. The units are then placed on
greenhouse benches about eight inches apart. If possible, a separate isolated section
of the greenhouse should be used which is kept scrupulously clean and free from dust
and air currents.

3. Immerse the legume seeds in 30% hydrogen-peroxide for 30 minutes to free the
seed coate of bacteria. Then rinse the seeds several times in petri dishes contzining
sterile water. Aseptic conditions must be carefully observed.

4. Transfer the seeds (15 for small seeded legumes, 5 for the larger species) to
the culture assembly, distributing them evenly over the surface of the sterile sand.

5. Incculate each jar with 10 ml of a heavy suspension of the incculant being
tested, using five replicates for each inoculant (Method 22).

6. Cover the seéds lightly with sterile sand followed by a thin layer of fine
gravel. Replace the paper cover until germination takes place. In the greenhouse, it
is important that chance contamination, particularly of Rhizobium bacteria, is eliminated.
This involves a strict control of insects and dust, as well as isclation from ordinary
greenhouse operations. One or two uninoculated controls must be included in each test.

7. Permit the plants to grow 45 days keeping careful notes of the progress of
growth and the degree of green color which dewvelops. In particular, signs of nitrogen
deficiency should be noted. Add additional nutrient solutions as necessary.

B, At the end of the growth period, it is often possible to locate the best strains
of rhizobia by appearance, but this should be verified by removing the plants, cut at
the sand surface level, and determining the total plant dry matter for each pot. The
tests can be further verified by:

(a) determining the total nitrogen content of the plant
materialj

(b) removing the root systems carefully from each pot, and
determining ite mass and the number of nodules which
developed.
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METHOD

NITROGEN FIXATION BY NON-SYMBIOTIC SOIL MICRO-ORCANISMS

The moet widely studied of the free living, or non-symbiotic, bioclogical agents of
nitrogen fixation is undoubtedly the Oram negative soil bacterium, Azotobacter. These
bacteria fix substantial amounts of atmospheric nitrogen into cell protein when grown in
pure oculture under conditions of good aeration, adequate energy supply, pE above 6, and
absence of combined nitrogen. Since conditions for nitrogen fixation appear to be quite
specific, the practieal importance of Azgotobacter in adding nitrogen to field scils has
been questioned. Large scale inoculations of soil with Azotobacter have been carried
out, but the practicality of such inoculation has not been established. The review by
Jensen (1954) should be coneulted for warious aspacts of the biology of this interesting
genus.

Nitrogen fixation by Azotobacter in aerobic circumstances, gnd by Clostridium in
anaercbic, has been known since about 1900. In recent years Hgl isotope technigues
have shown that 5 or 6 other genera of soil bacteria fix atmospheric nitrogen (Virtanen
and Miettinen, 1963). The list of soil bacteria which fix at least some nitrogen may
become quite large. The method described below is meant to demonstrate the presence of
free living nitrogen fixing micrﬁkmganiams in soil. A portion of each soil ie first
enriched in nitrogen fixers by incubating with a readily available energy compound added
to the soil. The enriched soil is used to inoculate a culture medium containing no
added nitrogen, and ie compared to an incculum of non-enriched soil. After growth the
total amount of nitrogen added to the nitrogen-free medium will be measured by Kjeldahl
analysis. The test conditions, especially those of the soil enrichment, will favor
development of Azctcbacter epecies.

MATERTALS RECUIRED

Soil samples, recently collected and not air dried.

Corn starch, powdered.

Nitrogen-free basal salts solution: -K2HPO4, 1.0 g3 MgS04 .TH20, 0.5 g3
CaC03, 2.0 g; PeCly . 6H20, 0.1 g; NaghoOy . 2H20, 0.010 g5 distilled
water, 1,000 ml. Place 50 ml portions into 500 ml Erlenmeyer flasks,
stopper with cotton plugs and autoclave for 15 minutes at 121°C
(15 lbe pressurs).

Sucrose, 20 percent solution, sterile.

Fipeties, 5 ml, sterile.

FROCEDURE

l. Add about 4 percent corn starch to & portion of each soil to be studied. Nix
well, adjust to about 60 percent water holding capacity and incubate uncovered in a
moist admosphere for 5-7 daye. Prepare & second portion of each soil, without added
corn starch, moieten and incubate similarly.




2. Incculate each of 4 flasks of nitrogen—free, basal salts solution with 0.2 £
(weighed out) of eoil as follows:

a) 2 flasks - inoculate with enriched (corn starch treated) soil
b) 2 flasks - inoculate with normal (incubated, no corn starch) soil.

Complete 1 flask of (a) and 1 flask of (b) by adding 5 ml of 20% sterile sucrose
solution. The 2 remaining flasks are to be incubated without sucrose in the medium.
There are two reasons for omitting the sucrose energy source: first, the two soil-minus-
sucrose systems serve as controls, to indicate the small amount of nitrogen present in
the basal medium and in the soil inoculum; secondly controls are analyzed much more

conveniently if carbohydrate is absent, since foaming and frothing can be avoided during
Kjeldahl digestion.

3. Incubate flasks at 28-30°C. Note that the use of 50 ml of solution in a

relatively large (500 ml) flask provides a shallow layer with large surface area to
maintain aerobic conditions during incubation.

4. At the end of T-10 days incubation determine total nitrogen by the procedure
"Total nitrogen of culture suspensions by Macro-Kjeldahl" (see Appendix).
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METHOD 25
THE NITROGEN-FIXING GENERA, AZOTOBACTER AND BETJERINCKIA IN SOIL

The genus Azotobacter comprises a group of free-living, non-symbiotic, nitrogen
fixing bacteria native to soil. Azotobacter, principally the erecies A. chroococcum,
occurs commonly but not uniformly, in socils of near neutral pH all over the world.
Isolation and counting techniques are based on the use of media made selective by the
omission of nitrogen in a combined form. Since these bacteria do not regquire organie
substances other than some suitable source of carbon, the medium can be gquite simple.

It must, however, be well buffered, well supplied with phosphate and potassium salts,
and must provide trace amounts of molybdenum.



Most of the bacteria in the azotobacter family fix nitregen at pH 6-8, but an acid
tolerant form was reported by Starkey and De in 1939. This bacterium is now known as
Beijerinckia indicum, and the genus is thought to cceour mainly in tropical soils,
especially in acid lateritic soils (Becking 1961). The genus Azotobacter apparently
occurs more commonly than the genus Beijerinckia in soils of temperate regions, and the
reverse seems to be the case in tropical soils. However most soils probably contain
both genera. Isolation and enumeration of these two nitrogen-fixing genera of the
azotobacter family may be accomplished with nitrogen-free media with pH adjusted to
favor either Azotcbacter or Beijerinckia.

Meiklejohn (1965) has suggested a procedure “which avoids the use of both acid and
alkaline media to count and isolate Azotobagter and Beijerinckia. A single medium, that
of Brown, Burlingham, and Jackson (19625, with sucrose as the carbon source, is used to
count both genera. The method outlined in this experiment is based on Meiklejohn's
sugzestion.

MATERIALS REGUIRED

Soils, freshly collected and maintained at field moisture, sieved if
necessary.

Petri plates, sterile. 6 for each eoil.

Dilution bottles, 90 ml and 20 ml.

Pipettes sterile, 1 ml and S ml.

Nitrogen-free sucrose agar. (a) sucrose, 5.0 g; MgSO, . TH30, 0.2 g;
FeS04 « TH20, 0.4 g; NaMoOg, 0.005 g; CaClz(anhy.), 0.15 gj agar, 15.0 g;
distilled water, 1,000 ml. Autoclave together at 15 1lb pressure for
15 minutes.
(b) Autoclave separately a solution of KgHPO4 containing 100 ng/ml
and add 10 ml of this to part (a) when both have cooled to about 50°C.
Hold the completed medium at a temperature of 42—45°C until plates
are to be poured.

Inoculating wires.

Microscope.

Microscope slides.

India ink, dense suspension in distilled water. Concentrate the diluted
ink by heating to evaporate excess water if necessary.

PROCETURE

l. FPour & pletes of the nitrogen-free sucrose agar for each scil teo be studied,
allow plates to harden well and dry overnight in a low moisture incubator at 30-35°C.

2. Use freshly collected soil and prepare a 1/10 dilution by shaking 10 g of soil
in 90 ml of sterile water vigorously for 10 minutes. Tranefer 5 ml of the 1/10 dilution
to 20 ml of sterile water to obtain a 1/50 dilution.

3, Make triplicate 1 ml inoculations from the lflﬂ and 1f5@ dilutiona onto the dry
surface of the sucrose agar plates. Tilt each plate so as to distribute the inoculum
evenly over the surface, place in a plastic bag or wrap in foil to aveid further drying
and incubate at 30°C.

4. After 3 days incubation count the flat, soft, milky, mucecid colonies that develop.
These are Azotobacter colonies. Use an inoculation wire and isoclate from several
different appearing colonies of Azotobacter by eireaking out each selection on a fresh
plate of nitrogen-free sucrose agar. Hard and tough bacteria-like colonies are probably
Streptomyces and should be ignored since they do not fix nitrogen. Do not discard the
soil dilution plates and, after making Azotobacter ieolations, mark the location of all
colonies present at 3 days, and continue incubation.



5. After 14 days count the Beijerinckia colonies that have developed. These will
be white, raised colonies, sometimes wrinkled, with a tough elastic consistency. Streak
several different colonies of Beijerinckia cut on fresh plates to obtain isclates.

6. Compare the numbers of the two genera found in each soil. Transfer from isolated
golonies on the streak plates onto slants of nitrogen—-free sucrose agar in attempts to
get pure cultures.

7. Make microscopic examinations of either streak plate isclates or of material
taken from isolated colonies on the soil dilution plates. A wet mount, negative stain
procedure is convenient for microscopic examination. To make such a preparation place
several loopfuls of a dense suspension of india ink in water on a mioroscope slide, and
add a small amount of the bacterial growth. Mix, cover with a coverslip, and examine
with high dry and oil immersion objectives. The background will appear dark, due to
carbon particles in suspension. Individual cells of bacteria will be seen surrounded
by a clear light zone. Capsule materials around the bacteria are so dense that the
colloidal ink particles are held away from the cell. Describe the appearance of the
cell types seen. Did the cultures examined microscopically appear to be pure culture?

8. 1If desired, isclates of Beijerinckia or of Azotcbacter could be incculated into
the nitrogen-free, eucrose solution medium and tested quantitatively for nitrogen-
fixing ability (Method 24).
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Section 6

APPENDIX



NITROGEN SPOT TEST REAGENTS

NESSLER'S REAGENT FOR AMNMONTUN

Dissolve 34.9 g potassium iodide (KI) and 45.5 g of mercuric chloride (HgClz) in a
minimum of ammonia-free water (Solution A).

Dissolve 112 g of potassium hydroxide (KOH) in 120 ml of ammonia-free water (Solution B).
Add solution A to solution B and dilute to 1,000 ml with ammonia-free water.
Store in a tightly stoppered brown glass bottle in a dark place.

To test for ammonia, add 2 drops of Nessler's reagent to 3 drops of the solution to be
tested in a spot plate.

An orange-brown color indicates the presence of ammonia.

GRIESS REACGENTS FOR NITRITE AND NITRATE

Dissolve 5 g of sulfanilic acid in 500 ml of 30 percent (by volume) acetic acid. Heat
gently. (Solutiom 4).

Add 1.5 g of alpha-naphthylamine to 350 ml of water and boil for two minutes. After
filtering, add 150 ml of glacial acetic acid (Solution B).

Free zinc dust from traces of nitrites and nitrates by boiling for one hour in C.1 N
aaatioﬁacid. Filter the duet under vacuum, wash with distilled water and dry thoroughly
at 105°C. '

To test for nitrite, place 0.5 ml of the solution to be tested in a spot plate and add
three drops each of solutions A4 and B. A red color indicates the presence of nitrite.

Witrate in the absence of nitrite ie detected by reducing the nitrate to nitrite with
gine dust. Place 0.5 ml of the solution in a spot plate, add 3 drops each of

golutions A and B, No color should develop. Next add 1-5 mg of the prepared zinc dust.
The development of a red color is evidence of the presence of nitrate. The color may
fade as the test is not as sensitive as for nitrites.

To detect nitrate in the presence of nitrite the latter is first destroyed. 4dd 3 ml
of solution A and 5 ml of the solution under test to a glass test tube, and boil gently
over a flame for 3 minutes. Withdraw one ml of this solution and place it on a spot
plate. Add 3 drops each of solutions A and B. It no color develops, the destructicnm
of nitrite ie complete. Then test for nitrate as described above.

DIPHENYLAMINE REAGENT FOR NITRATE

Lissolve 50 mg of diphenylamine in 25 ml of conc. sulfuric acid (HySO,). Store away
from light in glass stoppered droprping bottles. Prepare a fresh aalu%iun avery 2 wecks.

In a spot plate add 3 drope of the soclution under test to 5 drops of the reagent. A
blue color indicatee the presence of nitrate.

Caution

The reagent is corrosive and is not suitable for solutione containing nitrites.



SOIL MOISTURE DETERMINATION

The numbers of micm—-organisms are usually expressed on the basis of oven-dry soil.
This applies also to other determinations which are associated with microbiclogical
activities. The usual procedure is to dry the soil at 105°C until the weight becomes

constant. This requires at least five hours, but ordinarily the sample is left in the
oven overnight.

MATERIALS IR

Tared glass or aluminum containers provided with a cover.
A desicecator.

PROCEDURE

Weigh 5 to 10 g of the sieved thoroughly mixed sample into duplicate previously

weighed and dried containers (weighing to one hundredth of a gram gives sufficient
ACCUTACY) .

Place in a 105°C oven until constant weight is attained. This usually requires
at least five hours, but preferably overnight.

Remove the containers from the oven, and immediately transfer to a desiccator.

When cool, weigh and calculate the moisture content according to the following
formula:

Meoisture percent = 4 = B x 100
B-C
Where A = weight of the dry container and scil before drying
B = weight of the container and soil after drying
C = weight of the empty container

DETERMINATION OF MOISTURE-HOLDING CAPACITY OF SOILS

Moisture control is wvery important to the microbiclogical studies of seils. Too
much moisture leads to anaerobic conditions and a reduction of the numbers of aercbic
microorganiems in the socil. On the other hand, if a soil becomes too dry, the numbers
of microorganisms and the bioclogical process are depressed. Thus, in microbiological
experimental work it is necesgary to standardize the moisture of the soil under study
and hold it at a point relevant to the subject being studied. To do this, a reference
point is necessary and the one usually chosen is the Moisture-Holding Capacity or
Field Capacity of the soil. This point is determined experimentally and for ordinary
aercbie studies the moisture content is adjusted somewhere between 50 to 70 percent of
the moisture-holding capacity. The variation is necessary to take into consideration
the different textures and organic matter contents of soils.

MATERIALS REQUIRFD

A perforated bottomed crucible (Gooch) or other similar container.

Filter paper.

A tight vessel to provide a water saturated aimosphere, e.g. a large
desiccator where the drying apent is replaced with water.



PROCEDURE

Line the bottom of a Gooch crucible (or similar contaziner) with filter paper cut
to fit the perforated bottom snugly, and record the weight. MNoisten the filter paper
and then record the weight of the crucible and moistened filter paper.

Fill the crucible to within 1-1/2 cm of the top with soil.

Weigh the cups containing scil and moistened filter paper. Wet from the bottom
by immersion in water to about half the height of the crucible. Allow to stand until
the moisture content of the so0il bhas reached equilibrium throughout.

The samples of different soils or the samples of different horizons of the same
eoil may require different lengths of time for complete saturation. Usually overnight
or 24 hours will be sufficient to saturate soll completely with water. Ocoasionally
heavy clay or organic soils require 3 days for saturation.

Transfer the crucible to a water-saturated atmosphere (for 24 hours) taking care
to remove the excess water adhering to the outside of the container.

To obtain a water-saturated atmosphere, simply pour some distilled water into a
container with a glass plate cover large enough to accommodate the crucible of wet soil.
The orucible should not be in contact with water and should be supported abowve the
water on a glass dish or glass rode. A large desiccator can be converted for thie
purpose by removing the desiccant and replacing it with water.

Record weight of crucible containing saturated soil and filter paper.

Dry in the oven at 105°C to constant weight. This may require 24 hours. Record
welght of dry crucible containing soil and filter paper.

Caloulate the Moisture-Holding Capacity (M.H.C.) expressed in percent as follows:

M.H.C.(%) = Weight of saturated soil - Weight of oven dry soil . 1g
Weight of oven dry soil

DETERMINATION OF TOTAL NITROGEN IN SOIL

Because of the complexity and wvariety of organioc nitrogen forms present in the soil,
the determination of the total nitrogen content of soil is not simple. The original,
Kjeldahl method hes been modified many times. At the present time, many laboratories
use a micro-Kjeldahl method for the total nitrogen determination.

The following procedure is a semi-micro adaptation of the Ranker method for total
nitrogen, using the Kemmerser-Hallett distillation unit. This method includes nitrate,
inasmuch as the salicylic acid retesins the nitrate until it ies reduced by the sodium
thiosulfate. The method ie inclueive for amino, amide, ammonia, nitrate and other N
compounds if all precautions are followed. Moisture should be avoided because in its
presence the salicylic acid is not quantitatively nitrated.

MATZRIALS REQUIRED

Digestion unit. Thie is not mandatory but is preferable as these units
include ventilation systems for removal of fumes.

Distillation unit.

Borie acid dispensing unit.

Titration unit, 10 ol micro-burette preferably with reserveir.



30 ml Kjeldahl flasks.

Salicylic acid-sulfuric acid mixture: Dissolve one g salicylic acid in each
30 ml conc. HpS504. Make up two liters and store in special acid bottle
equipped with dispensing burette. This burette is protected with drying
tubes containing drierite so that the conc. H5S04 will not take up water.

Sodium thiosulfate crystals. (Be sure to use coarse crystals several millimeters
in size; with finely ground thiosulfate the reduction process is so rapid and
viclent as to cause excessive foaming and extrusion of the contents through
the neck of the flask.)

Forty percent NaOH solution. (Make this solution with container in the sink so
that if the container breaks due to the intense heat, the NaOH can be flushed
down the drain.)

Two percent boric acid solution. (This need not be accurately weighed,)

Approximately 0.05 ¥ H 4;{Btandardiza accurately).

Phenolphthalein indicator (0.5 g phenolphthalein in 100 ml 50 percent ethanol).
Brom-cresol green methyl red indicator. Prepare a 0.l percent brom-cresol green

aqueous solution adding 2 ml of 0.1 N NaOH per 0.1 g of indicator. Also _
prepare a 0.1 percent methyl red sclution in 95 percent ethanol adding 3 ml
of 0.1 N NaOH per 0.1 g of methyl red indicator. Mix 75 ml of the brom—
cresol green sclution, 25 ml of the methyl red solution, and 100 ml of
95 percent ethanol.

PROCEDURE
A) Digestion:

Weigh acourately 200 to 250 mg of oven-dry finely ground (to pass 40 mesh screen)
soil material in a tared weighing pan (aluminum dish). Transfer with camel hair brush
to a cigarette paper. Fold carefully and place in Kjeldahl flask.

Add 4 ml of the salicylic-sulfuric acid reagent, stopper tightly, and let stand
for at least an hour - or overnight.

Add about 0.5 g of sodium thicsulfate and heat on di§aution rack with very low
flame for five minutes (dense white fumes should come off’'.
f .

Rotate flask occcasionally during the heating. Allow to cool and add about 0.8 g
of the sodium sulfate-copper sulfate-selenium mixture.

Digest with a low flame at firet, increasing the flame as danger of frothing
decreases. Digest for about 15 minutes after the solution "clears". Be sure that all
material washes down from the neck of the flask. Total digestion should take about
40 minutes.

Allow to cool and add about 15 ml of water just before solution solidifies.

Stopper the flasks if they are to stand. Distillation may be started at once or
the flasks may stand for as long as a day or two if stoppered. Make sure that there
are no fumes from NH4OH in the hood during the time Kjeldahls are being run or the acid
will absorb the ammonia and erronecusly high values will be obtained.

B) Distillation:

Make sure steam—generating flask is originally about two-thirds full of water.
Do not let water level go much below one gquarter.

Heat steam—generating flask to boiling with drain tube open. Introduce digested
sample from Kjeldahl flask into middle flask, i.e. between generator and condenser.
Rinse Kjeldahl falsk with several washings of water, adding these to flask.



4dd 20 ml of 40 percent NaOH, several drops of phenolphthalein, and thoroughly
rinse-in base and indicator with water.

Close stopcock, place 50 ml beaker containing 10 ml 2 percent boric acid and five
drops of brom-crescl green-methyl red indicator under condenser outlet with tip beneath
surface of sclution. Close drain tube from steam—generating flask.

Distill until 50 ml beaker is about two-thirds full. Prevent strong drafts which

might cool steam—generator and cause boric acid solution to be sucked over into middle
flask.

At end of distillation pericd, lower the contents of the beaker below tip of
condenser for a minute or two, rinsee off tip of condenser with water and remove beaker
and contents.

Hemove flame from steam—generating flask and contents of middle flask will siphon
into top compartment of steam-generator. Empty by opening drain tube. Apparatus is
now ready for next sample.
€C) |Titration:

The boric acid solution with the indicator will have changed to & clear green with
the first drop of distillate. Titrate with the 0.05 N H,50,. The end point is a light
pink. Just before reading the end point, the indicator is neutral or grey in color.

D) Blank:

A blank should be run with each lot of samples. Add cigarette paper to a Kjeldahl
flask and proceed as with a sample. Titration for the blank should be about 0.1 ml or
less of acid.

Calculation:

Subtract "blank" titration from all other titrations. Then one ml of 0.05 N HzS504

equals 0.7 mg of nitrogen. Report as % N to two decimal places.
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TOTAL NITROGEN OF CULTURE SUSPENSICONS BY MACRO-KJELDAHL

Tranesfer 50 ml of culture suspension to an 800 ml, Kjeldahl flask. Add approximately
5 grams (1 tsp.) of a mixture of 10 parts anhydrous sodium sulfate and 1 part copper
sulfate and then add 25 ml of concentrated sulfuric acid. Place a few glase beade in the
flask and mix ingredients by swirling the flask.

Place the digestion mixture over low heat on the digestion apparatus. Watch closely
those samples high in eugar during the carbonization of the sample in the early stage of
digestion soc as to avoid loss of the sample through frothing. When the danger of frothing
is past, digest with higher temperature and continue the heating until the solution is
clear green in appearance (about 2 hours).

While the digestion flask is cooling, set up the receiving flaske on the distilling
apparatus. Use a 500 ml Erlenmeyer flask as the receiving vessel, and approximately
40 ml of saturated borie acid indicator solution (Method 19). With the receiving flasks
in place, the tube from the condenser must extend below the surface of the boeric acid
solution.



When the digest has ccoled, add 200 ml of distilled water, and cocl a second time.
CAUTION HERE! When the diluted digestion mixture is thoroughly cool, add carefully
100 ml of 40% NaOH solution down the side of the flask. Layer the NaOH on the bottom
of the flask and do not agitate flask. If contents of flask are mirxed at this point
the reaction is wviclent and dangerous. Add additional beads, boiling chips or powdered
Zn to reduce bumping. Attach the flask to the distilling apparatus without agitation.

With the flask in place on the diatillation rack, mix the layers in the flask by
gentle rotation at firet, followed by increasingly greater agitation until contents are
thoroughly mired so as to avoid explosion on subsequent heating. Start the burner
immediately with low heat and commence heating the mixture as scon as agitation is
complete.

Collect approximately 150 ml of distillate in the boriec acid. Iuring the
distillation the NHy is wolatilized in the alkaline digestion flask and passes through
the condenser into %ha receiving solution.

When distillation is complete first withdraw the receiving flask and then turn off
the burner.

Titrate with N/14 sulfuric acid to a change from green to a permanent, faint pink
endpoint. NHy-N in the sample is calculated:

mgm NHy-N = (ml of N/14 acid) (acid factor), where

acid factor of N = (normality of etandard acid) (equivalent weight of N)



