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EXERCISE 1 - SOIL SAMPLING 

Backaround
 

Soil is an 
unique medium which contains a diverse
 

community of organisms, representing many morphological and
 

physiological types. 
 In attempting to characterize these
 

organisms, one must be coanizant of 
both numbers and
 

activities. Some or anisms exisL at relatively low levels
 

numerically but 
can exert profound influences on some soil
 

biological processes.
 

Organisms in .oils are never 
static in numbers or activ

ity. Therefore the enumeration of some microbial population
 

or activity r2oresents only one point in 
time for that parti

cular population which is in dynamic equilibrium with its
 

physical, chemical, and biolcic 
al env4ronrTent. Variation 

of microbial numbers and activizi.es can occur with depth and 

soil type. Soil structure, texture, and moisture levels can
 

drastically affect aeration within the soil environment from
 

one characterized as aerobic to 
one of anaerobic proc-rties,
 

thus influencing the distribution of rniysiological types.
 

At least as 
imoortan: as soil physical properties on
 

microbial diversity are other factors, such as the season of
 

the year. Soil fertility also plays a role in governing
 

microbial development. Differences 
in numbers and diversity
 

of actinomycetes, especially have bee noted 
to depend on
 

soil acidity.
 

Finally, the diversitv of organisms is deoendent the
on 


type of plant and the oroximity of the organism to the plant 

http:activizi.es
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root 	itself. Numbers and activities of organisms vary with
 

the distance from the 
root, with greatest numbers and activi

ties in the soil most intimately associated with the 
root
 

surface. 
The effect of the root on soil organisms decreases
 

proportionally as 
the distance from the root increases.
 

Within this highly complex environment, studying soil
 

organisms will be difficult. Close attention to soil
 

sampling and handling procedures is critical to insure that
 

the soil samples obtained are suitable for the objectives of
 

the study. Before sampling, one must have a set of clearly
 

defined study objectives. Without such a framework, data
 

will 	be collected which are difficult to 
interpret and will
 

not be as useful as they might be.
 

A. 	 FIELD TRIP
 

If possible, the course should start with 
a field trip.
 

The sites to be visited should be carefully selected in
 

advance of the trip so 
that each stop has a specific purpose
 

and that the students have ample opportunity to collect the
 

materials that will be used for rest of
the the laboratory,
 

to take the appropriate notes describing each sample, to 
dis

cuss 
problem situations, and to que'stion the instructor(s)
 

about the site being visited. This latter aspect is of
 

utmost imoortance for at least two reasons; it helps foster
 

an atmosohere of free and ocen discussion that will be 
essen

tial to the laboratories that follow, and it serves 
-o de

fine the scooe and direction of' the course an create
 



interest in the practical value of what may appear 
to be an
 

academic aoproach to day-to-day acricul:ura! problems.
 

Permission of the farmer or owner 
should be obtained
 

before observing or sampling fields. 
 This also provides an
 

opportunity to obtain field histories, planting dates,
 

fertilizer and irrigation schedules, etc.
 

Objectives:
 

1. To gather soil, 
nodule and plant samples from
 

defined environments 
that will provide experimental material
 

for the laboratory exer-ises to follow.
 

2. "o observe, define, and discuss in the 
field, the
 

kinds of problems that are associated with symbiotic
 

nitrogen- fixat ion. 

Procedures:
 

To the extent possible, taking travel time and accessi

bility into account, a wide variety of sites should be
 

chosen. The purpose is to 
nave the trainees see as many
 

different legume-growina situations as possible. Soil types
 

and textures, different farmin; systems, croplands vs. pas

tures, and varying specis of, legumes all offer excellent
 

opportunities for observation. What is actually chosen will
 

vary from course to course. The occurrence of wild legumes 

should not be overlooked. 

Many times, problems can be identified and diagnosed in the 

iel'J. This increases the "practicality" of the course and 

makes -he transi-ion from field situat ion to laboratory 

session to aoplI1Catj.on at t.e trainee' 3 ome bothstat.ion 

http:aoplI1Catj.on
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easier and more meaningful. For example, the identification
 

of deficiency symptoms and discussion of how such a
 

condition might affect symbiosis is a valuable
 

field-teaching device.
 

If time permits, this same trip 
can be used to visit
 

the previously-seeded demonstration plots. 
 At this time,
 

what has been done in anticipation of future observation can
 

be explained.
 

Materials Needed:
 

Auger or sampling tube
 

Shovels
 

Knife
 

Scissors
 

Trowels
 

Insulated ice-chest or cooler
 

Plastic bucket
 

Cloth, paper, or plastic sample bags, as appropriate
 

Wide-mouth bottles for samples
 

Plastic garbage cans, or equivalent, for collecting
 

sufficient volume of 
soil for later use
 

Marking pens for glass, plastic and paper
 

Notebooks for each student; this book will stay with the
 

student through the course. 
 It should, therefore, be of
 

sturdy construction and easy use. Looseleaf notebooks are
 

less desirable then spiral bindings; these open flat, yet
 

pages are not easily lost.
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A wide variety of perennial and annual legumes should
 

be observed and sampled. Root samples, with intact nodules,
 

should be taken. 
 The site should be carefully identified
 

and characterized with regard to 
field history, soi- types,
 

topography, status of the crop samples (vigor, color, pest
 

problems, etc.), or anything else that may 
seem pertinent or
 

interesting to 
the student. He should be encouraged to make
 

his own observations, and to make them as 
complete as
 

possible; too many notes 
are much more valuable than too
 

few.
 

Different farm enterprises should be included. These
 

might range from very intensive, such as a vegetable garden,
 

to a grazing operation. Similarly, soils should be sampled
 

from fields that are intensively cultivated, as 
well as
 

those that 
may have been under grass or not tilled for many
 

years. Finally, soils of 
as widely differing textures 
as
 

possible should be sampled.
 

It is not necessary ::hat each participant sample
 

everything. It 
is desirable that each observe everything.
 

If, for example, sampling is done by teams, depending on the
 

number of samples to be taken, and if each team will ulti

mately report on 
the results obtained with its samples, the
 

observations of the other teams may well 
be valuable to the
 

discussion. 
 Samples should be adequately protected from sun
 

and heat. The, will be used for microbiological studies and 

should not be Permitted to lose moisture or become over

heated. 
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EXERCISE 2 -
 SOIL PROPERTIES
 

Backaround:
 

Soil is made up of substances in three states--solid,
 

liquid, and gas. The 
solid portion of soil is both
 

inorganic (rock fragments) and organic (plant and animal
 

materials, both living and dead).
 

Rocks are the source of 
the inorganic substances in
 

soil. These substances are 
normally rock fragments and
 

minerals. The fragments remnants
are 
 of larger rocks and
 

are usually quite coarse. The minerals may be large as
as 


the smallest rock fragment too
or small to be seen with an
 

ordinary microscope. These minerals 
can be coarse grained
 

but are predominately fine grained. 
 (Organic components of
 

soil will be examined in the Biological section).
 

Most soils found in nazure 
contain a mixture of sand,
 

silt, and clay in different proportions.
 

Soil particles vary in size. Some are as large as
 

rocks while others are 
smaller than sand particles.
 

Particles of silt and clay are 
so 
small that they smooth and
 

cannot be 
seen with the naked eve Most soil particles
 

support plant life.
 

In the followina series of activities students will
 

examine how rock fragments are 
formed, the various particles
 

that comprise soil, and 
how the compaction of soil affects
 

plant growth.
 



A. Soil Texture
 

Background
 

Soil texture is concerned with the size of mineral
 

particles. Specifically, it refers 
to the relative
 

proportion of the various size groups in 
a given soil. No
 

less important is soil structure, which is the arrangement
 

of soil particles into groups or aggregates. Together,
 

these properties help determine, not only the
 

nutrient-supplying ability of 
soil solids, but also the
 

supply of water and air, so important to plant life.
 

Soil scientists classify soil particles as 
(1) sand,
 

(2) silt, and (3) clay. Starting with the finest, clay
 

particles are smaller than 0.002 mm 
(2 microns) in diameter.
 

This would be too small to be seen with an ordinary light
 

microscope. These clay particles, sometimes referred to 
as
 

"micelles<" are flat and offer maximum contact with the
 

soil water because of their large surface area. Clay mix

tures have a high absorptive capacity. The bound water will
 

be strongly associated with the surface.*of the clay as
 

absorbed moisture.
 

Silt particles are from 0.002 to 0.02 mm (2 to 20
 

microns) in diameter. 
 They make a smaller contribution of
 

nutrients to the plant due to 
a smaller surface area. Sand
 

is 
largely quartz grains but may contain some particles of
 

feldspar, offering a low level of 
nutrients for the plant.
 

They range from 0.02 to 2.0 nm (20 to 
2000 microns) in
 

diameter. (Particles larger than 
2.0 mm are commonly called 

"gravel" or "stones"). 



Objective
 

To determine the percentage of sand, silt, and clay
 

(the mineral particles) in soil samples and to classify the
 

samole by textural composition.
 

Materials Needed
 

Two 1000-ml graduated cylinders
 

2 rubber stoooers
 

12 grams sodium oxalate
 

50-gram soil sample
 

1 blender (or mixer)
 

1 hydrometer
 

Procedure
 

1. Secure a soil sample of 50 grams. Allow this
 

sample to air dry overnight by spreading out thinly over a
 

newspaper, etc.
 

2. Fill a 1000-ml graduated cylinder with water.
 

3. Pour some of the water (not critical, perhaps 500

600 ml) from the graduated cylinder into the blender.
 

4. Add 12 grams of sodium oxalate and the 50-gram soil
 

sample to the blender or cylinder. Blend at high speed for
 

approximately 1 minute or shake by inverting stoppered
 

cylinder.
 

5. Pour contents from the blender into 
a second
 

graduated 1000 ml cylinder.
 

6. Rinse blender with remaining clear water in the
 

first cylinder, and pour into the second cylinder.
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7. Agitate the soil suspension by inverting rapidly
 

for approximately 30 seconds. Then let 
the cylinder and
 

contents stand 
so the sand will settle to the bottom.
 

8. Place hydrometer in soil suspension and after 
40
 

seconds read hydrometer. (Allow the cylinder to stand
 

undisturbed so additional contents 
will settle). Carefully
 

remove hydrometer from the soil suspension.
 

9. After 1 hour, repeat step 8 to determine the amount
 

of clay in suspension.
 

10. To obtain the amount of sand in your sample,
 

multiply the 40-second hydrometer reading by 2. The value
 

is the % sand in the soil samole. Likewise, multiply the
 

1-hour reading by 2 to obtain the % clay in 
the sample.
 

11. Calculate % silt as follows:
 

100 - [% sand + % clay] = % silt.
 

Interoretation of Data
 

After you have determined the relative percentages of
 

mineral particles in your soil sample, you can classify your
 

soil by referring to the textural classification chart of
 

USDA.
 

To use this chart, follow the line parallel to the zero
 

line of each soil particle. For example, suppor-t you found
 

20% clay in your sample and 40% sand. Therefore, your
 

sample would contain 40% silt. Go up the left side of the
 

triangle to the line which represents 23% clay. Follow this
 

line to the right until it intersects the diagonal line
 

(which runs from uooer left :o lcwer rig..; which represents 



100 

90 0 

TEXTURAL CLASSIFIC.ATION 

Per Cent Clay Per Cent Silt0

5
(< 2 microns) 


SA\ S LTY 

30 00 

40SIT C _ 90 

SSILT 

Per Cent Sand 

Follow line parallel to zero of each. If on line read higher clay. 



40% sand. Note: the diaqonal which run ". n '-..r -ight 

to lower left, representing 4" silt, i:!t* tis same 

point. Therefore, you would classify thir -oi as loam. 

another example, suppote -
vc 	 had " :i hat your 

sam,.1e cor:a±ned 35% clav, 10 sand, and sit.5 Find the 

point on the chart by using the 	 iirictinn:, Lx: qiven in the 

o revziou ano e. -. ote1.- that this -§.7 :he to.ln silty
 

clay loaC category.
 

,. .axture (k!-ernative Procedure)
 

Mt :-f a Is Needed 

Pint jars with lids 

Wate r 

5 x 8 index cards 

Crayons 

Hand lens 

Tape 

Soil samoles 

Procedure 

1. 	Fill each jar one-fourth full of 
the 	soil samole.
 

2. 	Add water until the jar is three-four-li- :ull and then 

cover. 

3. 	 Shake jars very thoroughly for 2 minut.s. 

4. 	 Let the mixture stand for 15-20 mlinutes. 

5. 	 Observe and record the order in which the sediments
 

settle in the jar. (Settling of each sedi...nt may be 

timed and plotted on a bar graph if desi-.2,' 

6. 	 Examine each layer with finoertios and hand Iens. 

7. 	 Set some jars aside and obs-,-e over a 2-3 ]ay 	 oeriod. 
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Observations
 

1. 	Note the size of the particles that settle to the bottom
 

first.
 

2. 	How does the layer that settles above the first layer
 

compare to the first layer?
 

3. 	 Do all the soil par-.icles settle out of thi susoension? 

As the various particles, a stones, san16, silt, clay 

and 	 oraanic Ta-ials seoaral: and sea-n.d. the relative 

amounts of each should be comoared. -io4hikness of 

each layer may be measured with a rul . At the end of 

the observation oeriod the groucs sho.ld .cmnare the 

results they obtained for the different soils. Further,
 

any relat ionships with these result t.; obuservations 

made in the field should be discussed. examole: 

4. 	 Is there a relationship between wetness, as seen in the 

field, and texture?
 

5. 	Are there differences between soils from areas that are 

tilled frequently and those that are frcm grasslands or 

have not been tilled? 

6. 	 Do any of the observed differences relate to what the 

students think of as "good" soil?
 

B. 	What Determines the Rate at 
Which Water -MovesThrouah 

Soil 

Objective 

To observe the rate at which water flows throun the 

spaces consisting of larce or small aar--ic'.-S m.d to compare 

the spaces between lare and small 



To determine and compare the water retention capacity
 

cf soil found in different sampling areas.
 

Materials Needed:
 

Cheesecloth
 

Rubber bands
 

Water
 

Food colorina
 

Small glass beads or fine-textured soil
 

Large beads (at least 1/2" in diam.) or coarse-textured soil
 

Straight-sided glass cylinders
 

or
 

Lamp chimneys or plastic tubing
 

2 pans or bowls
 

2 jars
 

Procedure
 

1. 	Cover one end of the cylinders (or tubing) with cheese

cloth and fasten with a rubber band.
 

2. 	Put equal amounts of water 
in each jar and color with a
 

few drops of food coloring.
 

3. 	Fill cylinder with small beads and the other with large
 

beads or use two different soils.
 

A 
.. 	 Hold the cylinders over two pans at the same height.
 
5. 
Pour the colored water into the cylinders, through the
 

beads or soil.
 

6. 	Pour the water 
in the pans back into their jars.
 

Questions/Discussion:
 

1. 	Through which cylinder does wazer move fastest?
 

2. 	Why do you think the water 
passed through the cylinder
 

at different rates of speed?
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3. 	Compare the amount of water returned to each container;
 

are they different? Why or why not?
 

C. Capillarv Action of Water in Soil:
 

Background
 

Soil texture refers to the amount of sand, silt, and
 

clay in a soil sample. It has been found that water will
 

move upward in soil by a process called capillary action
 

(wicking). In this exercise we wish to demonstrate that the
 

rate of movement of water in soils by capillary action will
 

vary according to the amount of sand, silt, and clay in the
 

sample. 

Objectives:
 

1. 	Tc test the rate at which caoillary action will cause 

water to move upward in soils of different textures. 

2. 	To test the rate at wh:ch capillary action will cause
 

water to move upward in soils of different structure.
 

3. 	To show, qualitatively, the amount of water which can be
 

absorbed by soils of different texture or structure.
 

Materials Needed:
 

Three types of dry soil. For texture study--sand, silt,
 

clay. For structure study--tilled soil, fence-line or
 

meadow, packed soil from a field roadway.
 

Three tubes open on both ends with a minimum diameter of 1.5
 

cm. Drying tubes from a chemistry lab work nicely.
 

Three 	250-ral gas bottles with mouths large enough for the
 

tubes in no. 2 to enter freely. Cuos of any kind will
 

work.
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Bottles for collecting soil samples.
 

Piece of window screen 10 cm x 10 cm.
 

Piece of cloth such as from an old sheet.
 

Rubber bands.
 

Timing device.
 

Meter stick.
 

Stand to support open-end tubes.
 

250-mi graduated cylinder (or similar size).
 

Procedure:
 

1. 	Collect and dry scil samples.
 

2. 	Set up a stand to support the open-end tubes.
 

3. 	Use a grease pencil to mark open-end tubes from bottom
 

upward at 1-ci: intervals to 12 cm.
 

4. 	Place the cloth over the end of 
the tubes which will be
 

to the bottom and secure with a rubber band.
 

5. 	Fill open-end tubes with various soils to a depth of
 

about 14 cm.
 

6. 	Place open tubes in the stand.
 

7. 	Put 200 ml of water, or a standardized amount, into each
 

gas bottle, or cup of some kind.
 

8. 	Lower the three tubes of soil into the water of separate
 

bottles to the second cm mark on the open-end tube.
 

9. 	Record time required for water to rise as a result of
 

capillary action to each of the ten I-cm marks above the
 

water level on the tube.
 

10. 	 Make a grapo using height in cm on the vertical axis and
 

time on the horizontal axis to show the relationshio of
 

capillarity to soil texture of the three samoles.
 



__ _ _ _ _ _ _ _ _ _ 
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11. Observe the amount of water taken up by each of the soil
 

types by observing the level of the water remaining in
 

each of the bottles. This can be measured since you
 

started with 200 ml each.
 

Data table
 

Soil 

1

(heightype I Time water reaches each height 

1cm 1 
1 

_ 
_ 2cm 


2 cm _ _ _ _ _ _ _ _ 

3 cm 	
_ _ 

5 cm _
 

6 cm
 

7 cm ]
 
8 cm _
 

9 cm __ _ _ _ _ _ _ _ _ _ _ _ 

10 cmT__ 	 _ _ _ _ _ _I_ 

Interpretation: You will find that the water will rise
 

rapidly in the sand and overall about the same speed in the
 

silt and clay. The speed with which capillarity occurs will
 

be an indication of the amount of sand in the soil samples.
 

More rapid capillary action indicates more sand.
 

Questions/Discussion:
 

1. 	What is capillarity?
 

2. 	What -ffect does soil structure and texture have on
 

capillarit y? 

3. 	If you had two gardens, one in which the soil was mostly
 

sand and the other mainly clay soil, which one would you
 

have to water more often? Why?
 



D. Soil Texture and Aggregation:
 

Objective: To demonstrate the aggregating effect of
 

microbial activity on soil.
 

Materials Needed:
 

Three water glasses
 

Hardware screening with 3 mm openings, cut to fit inside the
 

water glasses as shown ir the diagram.
 

Soil samples (from sites such as an alfalfa field, corn
 

field, and intensively cropped field).
 

Proce3dure:
 

1. 	Fill glasses with water to within 2 cm of Lhe top. This
 

water level should be about 3-5 cm above the lowest part
 

of screen material. (See diagram).
 

---Hardware screening 

Water . ... clo 
level 1 clod 

Water I 

2. 	Place a 2 cm diameter dry clod from each kind of soil on
 

the three separate dry screens which have been bent to
 

fit into glasses properly.
 

3. 	Place screens containing clods gently into water. (Be
 

sure the alfalfa sod clod is not favored, place it in
 

the water first.)
 

4. 	Follow with second-year corn sanple and finally the
 

intensively cropped sanple. Do not shake glasses to
 

speed up disintegration.
 

5. 	Observe the results.
 



Interoretation: The orde of disintegration, in order of
 

rapidity, should be the intensively cropped sample, second

.ear corn and na the sod saarie. Also not: that the 

Soil a::reoates nr granules from sod stay together and 

resist the comrlee dispersion which accompanied the other 

two sampes.
 

The sod sample is being held together by a mass of tiny 

roo-ts togeter with gums and resins which result from 

organic mat:er dcomoosition by microorganisms. These gums 

and resins are increased in the soil by growing meadow crops 

or by additions of croo residues which cause increased micro

biological activiy. 

Soils with water-stable aggregates or granules brought 

about by the above processes are said to have good struc

ture. This conditicn allows water to enter the soil more 

rapidiy, thus heLi:'ng to resist erosion. Air and water rela

tionshios are also imoroved in the root zone. These factors 

usual>z mean higher yields. 

Questions/Discussion: 

1. Which soil samoic. breaks up the quickest? Why? 

2. What phvsical properties would cause some soils to hold
 

together longer? 

3. How would these properties affect potential water runoff
 

losses and erosion damage? 

E. Water-holdina caoacitv 

Backaround 

Particle size is imnortant wnen determining the amount 

of water soil will told ancd now easi y ,that wat -r wi' move 



through the soil. Water can enter 
the soil no faste than
 

the waier benear the surface can move downward throuch the 

spaces between oarti f the spaces soilso es. between 

oar.cl es are .erscaLl, lke those in cla,, the water will 

move slow>v. Tne larser arains of sand will allow water to 

pass throuqh much more quickly. Therefore, it takes a great 

deal of water a:, -:me to soak a clav soil, !out sandy soils 

are saturated a- rei:a'ely litale moisture. 

Soil1-water_ r-e<ationships are imocrtantr determinants of
 

plant and microbial distribution. Plants cropsor cannot
 

live lone in coarse, sand' soils low in clay because the
 

spaces between the soil particles are so large.
 

Obectiv 

To measure and compare the water-holding capacity of 

difeen SO LL 

Materials MAeed 

2 cans o ecu,- size (juice cans) 

Filter paner 

Rubber bands 

Scale balance 

Wat er
 

Rulers or flat sticks
 

Trav
 

Soil samples
 

Procdure
 

Obtain two soil samples; one from a field that has been 

cultivated for man, years and lacks orqan-c ma-ter (it 



should be hard and cloddy) and one from a field or pas

ture where grasses or legumes have been grown (this 

should be crurnblev and free from clods). 

2. 	 Remove the unopened end of the cans.
 

3. 	 Secure a piece of filter paper over one end of the can
 

with a rubber banc.
 

4. 	 Weiqht an' record -he weight of each can. 

5. 	Fill one can about half full with one of the soil
 

samoles. Do likewise with the other soil sample. (Be
 

sure soil samoies are dry before starting this step).
 

6. 	Weigh the cans again and record the weights.
 

7. 	Fill the tray half full with water. Place the cans in
 

the 	 water and let stand overnight. 

8. 	 Remove cans from the water and drain for about one-half
 

hour 'by placin,:- rulfr! or sticks across the tray and
 

standin _ripping cans on the rulers.
 

9. 	 Before we'giinc cans again, make predictions about the 

new weight of the cans. 

10. 	 Weigh cans and record their weights. (Be sure to remove
 

all excess moisture on cans before weighing).
 

11. 	 Determine the cercent of moisture-holding capacity by
 

using the following formula:
 

Weight of Jc, soil_= Weioht of can and soil - Weight of can 
Gain in weiaht due Weicht of can, soil Weight of can 

to Immersion and wa'er and soil 

% Moisrure-boldin- Gain in weight due to immersion x 100 
cauac .tv Weight of dried soil 



F. Soil Comoaction
 

Objective
 

To determine soil comoaction i~n various areas and to
 

determine its effects on plants and animals.
 

Materials Needed
 

2 thumb tacks
 

1 wide rubber band 

1 2mntv thL-ead spool (wooded) 

9-in-h lencth of dowel (must slide easily inside the spool)
 

1. 	 Sharoen one end of the dowel in 
a pencil sharpener.
 

With a tuier, measure 2 cm from the point and mark a 

dark line with a oencil. 

2. 	 Measurin g
from the unsharoened end of the dowel, mark 

off 12 lines, each , cm acart. Number the lines start

ing with 1 nearest the insharpened end. 

3. 	 Fasten toe wide rubber band to the top of the spool 

with a tack on e-ch side (see diaoram) 

thzrb taL. 

r 

ia C, I 



4. Slip the dowel into the spool and pull down on 
the spool
 
forcing the point of the dowel into the soil up to the 

dark line. When the oointed end 
is in this far, read
 

the number at the too edge of the spool. This is the 

soil comoaction for that location (see diagram 2).
 

sci- c=raction rnmber 

Diacrar. 2 

-ii soi is here 

taisoil _o--

5. Select two sites 
3' x 3' (or 1 square meter) where stu

dents congregate (path, foot of sliding board, etc.) 
and
 

two other sites where student traffic is light or 
non

existent 
(shrub bed, middle of field, etc.).
 

6. Find and record the soil compaction for each site.
 

Interoretation
 

The comoaction or hardness of 
soil is determined by how
 

closely its particles are pressed together. For example,
 

the soil under a balance bar 
is less compacted than the soil
 

on either side of the 
bar. Water soaks slowly into compact

ed soil and this affects the plan-s that grow in the soil.
 



In one experiment:, scientists found that pine trees
 

growing in comopacte soi *'grew only half as much as trees ot 

the sam 1 , natur-il soil. Compacted soil is 

slowi': Lcco d .he roots o plants and by animals such 

as a..-iwcrms. But the scientists estimated that it would 

-ake about 40 .,ears for the compacted soil to become loose 

enoucn -or the pine trees to grow at. their usual rate. 

G. Flocculation and Dispersion of Soil Clays.
 

As you :now, most soil clays are negatively charged. 

This charge Ls neuralized in varying degrees by the absorb

ed cations. Floccules form most rapidly and are most stable 

where utra ration of the soil colloid by the absorbed 

- n - 7: T"". 'r.- of :eut a "z -io. 1_ 

related to -on size, valence, and concentration.
 

0b ec: ive
 

To determine the relationship between ion size and
 

valence and flocculation and disoersion o' soil clavs.
 

Materials
 

1. Soil susoension 'I g soil/10 ml water) 

2. 1 N solutions of AlCi3 , CaCl 2, NaCl, KCl, and
 

. Test tube racks_ub-es/test 


4. Watch ..ih sweep second hand or read out for seconds
 

P rccedur

1 Add the or-..oared I" clay suspension to each of th'e six 

s ub:s. ?i the _,ubes ;o tha- eac- on e :on-ans 

th- s;ame amodin" . 



2. 	 Add 10 drops of 1 N AlCI 3 to no.
test tube 1.
 

Repeat this procedure using 10 droos of 
 2 N KCI, 

NaCI 2 and NH4C in test tubes 2, 3, 4 and 5 

respectively. Tube 6 containing the original clay 

susoension will be used 
as a check.
 

3. 	 Shake each susoension. Hold each tube up to the light
 

in order to see when the flocculation starts. Record
 

the 	time that flocculation starts 
in each tube.
 

Observations
 

1. 	 Wait 15 minutes. In that time, any floccules that form
 

will sediment in the tube. 
 Observe the appearance and
 

size of the sedimented floccules. 
 Are they loose and
 

flufffy; or 
small and tiahtly grouped? Fill in the
 

table:
 

How soon did flocculation start?!
(I min., 2 min., etc.) 	 Floccule size
Small, Med., Large
 

INH_
 

Na+
 

Ca+ 

f Check No floccules, remains dispersed 

2. 	 Rank the cations in order (fastest to slowest) 
in which
 

they caused flocculation to occur
 



3. Did any cation no: cause flocculation
 

Which on,?
 

H. !on Exchance In Soils
 

The chare on soil clay and organic matter can also be
 

demonstrared by adding dyes containing colored cations or
 

anions to soil and observing the color of the solution after 

it asses throuah the soil. The charge on the soil clay or 

soil organic nater must be opposite in sign to that of the 

adsorbed dye ion if a clear solution results. The colored
 

in Gentian violet is oositivelv charged, whereas the eosin
 

red contains neaativelv charged ions (Fig. 1).
 

-- CA7" 0N 

H,-C I! BrNaC ~ , . 

H3C CH 

HC H3 (b) 

Fig. 1. Gentian violet (a)and eosin red (b). These dyes, 
one
 
cationic, the other anionic, are used to demonstrate ion exchange.
 

Objective
 

To deermine the charge characteristics of soil.
 

Materials
 

1. Funnels/unne-L rack
 

2. Solutions of grenian violet and eosin red
 

3. Filter Pa;rer 
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4. 	Soil
 

5. Scoop
 

Procedure
 

1. 	Place two funnels in the rack, fit them with filter
 

pacer, and insert test tubes under each funnel.
 

2. 	Place two or three teaspoons of one of the soils in a 

filtr fun-nel; place a similar amount of the other soil 

in the second funnel. Make a depression in the soil, 

and add Gentian violet dye in small portions so that the 

dye goes throuch the soil and not down the side of the 

filter. Add eosin red to the other samole in a similar 

fashion.
 

Observations
 

1. 	What is the color of the solution that leaches through
 

the soil from the Gentian violet, from the eosin red
 

preparations?
 

I. Soil Aciditv
 

Background
 

The proper soil reaction or soil pH factor is extremely
 

important to olants because it directly affects the avail

ability of the planz food nutrients which the plants need
 

for 	efficient growth. Soils that are too acid or too alka

line will not :avor the solution of compounds and restrict 

the oresence of ions of essential plant nutrients, as many 

or these elements do not dissolve easi.L in these extreme 

soil conditions. Because o: tns, most oIan-3 orefr a so,, 

react':on that is neu-ral or near the n.utral 0oin-. Sols 



in the pH range of 6.0 to 8.0 are generally satisfactory 

except for certain 3cid-loving plants that grow best in 

soils that have oH 7'-,s in the ranae of oH 4.0 to 5.0. 

The oH value of a soil samole indicates the 'chemical
 

climate' of the soil (Fig. 1).
 

Oblective
 

To e:ermine the pH of the collected soil samples.
 

Materials
 

Beakars
 

pH 	-.0 buffer
 

pH 	oaoer
 

Glass stirrina rods
 

Procedure
 

1. 	Add about 10 grams of soil to a 50-ml beaker; add 10 ml
 

of distilled water; stir thoroughly.
 

2. 	Let stand for at least 30 minutes, stirring 2 or 3
 

times.
 

3. 	Read with a pH meter using a glass electrode, adjusted
 

originally to oH reacLna of 7.0 with the pH 7.0 buffer.
 

The instructor will demonstrate the proper use of the pH
 

meter and electrode.
 

4. 	Tear off piece of pH paper and dip into soil suspension.
 

Comoare reaction color with standard supplied with
 

paper.
 

Interoretation
 

The chemical characteristics of a soil are deoendent,
 

in part, uoon the nature of the rock from which the soil
 



formed. The weathering of granite and many sandstones 

oroduces acid soils. The weathering of limestone commonly 

resul-s in alka: i:e soils. In the humid regions, however, 

oar- of th' rain wa:er that falls on the land moves through 

the soil and carries away the most soluble constituents. 

Thus, in :ime - scil formed from limestone can become acid 

after the n.en removed.be.e'as 
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The direct effect of pH on both soil microorganisms and 

on the availability of several essential elements is shown 

in the diaQr-a.n below. t is accarent that several .nu ri.n 

elements im. .ant to good legume growth have limited avail

ability at pH levels very common in the tropics. 

pH 

4 5689 
..::...n..: :..: . == == ====== === . = ..n~ ::: : : : :::. .... :::. = === == .......== .........


,= .. ..... . .. _ 

Ca and Mg 

K 

................. i~l k 7 ...
..
 

-:'Fe, Mn. Zn. Cu. Co 

............ MO
. .. . . : < ! i!i!] : ~l ::.. .i i : 

Reat or ships existing inmineral soils between pH on the one hand and 
the activity of microorganti.ns and the Availability of plant nutri-nts on the other. 
The wide portions of the bands indicate the zones of grritecst microbial activity and the 
most readv av-ailabhty ,f nutn.nts. Considering the correlations as a whole. a pH 
range of approximately 6 to 7 uecns to promote the most reidy avalaility of piant 
nutments. In short, i soil p-! is smntably adjusted for phosphors. other pLant nutnen,. 
if pect in adcouate amounts. wW be satsfactoniv av-Aiaoc in most cases. 

http:microorganti.ns


J. Major Soil Nutrients
 

Backaround
 

?lants absorb manY elements from the soil but not all
 

are required for growtii. The elements required by plants in
 

order to complete vegetative and reproductive cycles are
 

called essentaIl elements. There are about 17 essential 

elements, but not all ar? required in equal Ofamounts. 


those required for growth, nitrogen, phosphorus, potassium,
 

calcium, magnesium mind sulfur are used in relatively large
 

quar, ities. Some )f the nutrients, even though required in 

small amounts are very important for normal plant develop

ment. For instance, for the >eguminous plants these
 

nutrients are aner-i'l- thouqght to be iron, cobalt and 

molybdenum.
 

Nitrogen, phosnahorus -nd :;- Iur are imoortant in the 

elaboration of amino acids an(_ :rroteins. For ihe leguminous 

plants nitrocen may ne obtaino. throuch the rhizobia that 

-cause and innabi: .-t no uss :-:-,nd on the roots. Nitrogen 

gas from the soil i _t-nzos::ne.-nzvatcaI. converted '

the rhi obin to ammcnii -, used !v ". Plant The other 

nutrients required --or rrwth .mrst be supplied from the soil 

or applied as fertlirrera. 

Phosonorus . _aso £mncrtn:.' :n ener:F transfer orco

_ian:cesses in The and if available in small quantities 

will oreventi -he conversion or i1gnr energy into protoplasm. 

Some or: the other nutrients-,-,rt imoorzant as ccfactors for 

-:h many enzymatic reactions -n t ncc'.:r w,'-n:n - at and 



without an adequate supply normal growth will 
not take
 

place.
 

b oct ive :
 

To ::errnifri.. - eect of different 
soi11 nut-ients on
 

the growth. rf eauminous plants and observe deficiency
 

syrpt,-oMs o var-ious nutrients.
 

Maerla Is
 

1. jeed of appropriate leguminous plants (peanuts wor-: 

well
 

2. 24 - 4 liter containers.
 

3. Nutrient solution stocks 
as indicated in table on 
n <t
 

page.
 

4. Alcohol fr disinfecting seed. 

5. Air pressur- pumo.
 

6. Tubin - iexibie. 

7. Tubing - class.
 

3. 	Large bcr vr.Inae needles.
 

-
9. F l e a ,.
 

Procedure 

. .....t ?lant growing containers on bench in classhoust.
 

2. Ach lexible tubina to 10 cm pieces of glass :tubi. 

Place clas tubing i'-ront'-ner and connect other 
 cnd
 

.	 , 
 dl-.
::I: -e 	 -", lo Insert :eed :-.,
 

tublto ,C'",Ct to r pressure port on a-. oum. 
3. Add nurrien-t soLt l'ons t ontaio~arm as indicat-ed
 

.... ta --. ,re 
 L cat, ,or eat, 

tr-at:n rt. Ma-:o to 4 "i-_r:: wtt list .7ec. 



Volumes of Stoc,: Solutions to be Used 

for Various Nutrient Solution Treatments When 

row ing Quminous Plan:: 

Stock Sol;-ion Compiete P K Ca 1-h S Fe
 

-------------- niiters Der tourliters-----------


I M Ca(IC< 16 '":6 0 16 16 16 

i .gSO .H.0 8 3 3 3 8 0 0 8 

. M NJhH PC, 4 0 0 4 4 4 4 4 

1 ',1KN O 24 0 24 0 24 24 24 24 

1 MCaC'. 0 8 0 0 0 0 0 0 

1IM KC1 0 12 0 0 0 0 0 0 

1 MNaHP04 0 a 0 0 0 0 0 0 

1 M NaNG 3 0 0 0 24 32 0 0 0 

1 M_ la2SO4 0 0 0 0 0 8 0 0 

1 M MgCl 0 0 0 0 0 0 8 0 

1 ",_1NH4 CI 0 0 4 0 0 0 0 G 

1000 PPM Fe as 
_EDD0HA 4 4 4 4 4 4 4 0 



4. 	 Soak seeds in alcohol for 10 minutes and then rinse wit., 

5 changes of sterile water. 

5. 	Germinate see,] n f4er paper moistened witn cormr

nutr-en7- sol-tion. :eeo in humid chamber in the iark. 

6. 	 When radicals are 7 to 12 cm long select uniformly
 

develoned seed and susoend in 24 nutrient solution con

taine-s .
 

7. 	Start pump for aerating nutrient solutions.
 

8. 	 Change nutrient solutions after 7 days and again 7 da'-ys 

later. Subsequently change nutrient solutions every 3 

days until the end of the experiment (from 35 to 42 days 

depending on plant growth). 

Observations
 

1. 	 Note the comparative growth rate of the plants of
 

dif ferent :reatments.
 

2. 	Note time -for yellowing to begin, necrotic spots to 

develoo on leaves and petiLcles. 

3. 	 Note other abnormalities of growth as compared to tho 

"1 como>et:' tre.:rnent. 

4. 	 Where- on the piants wer.- the various deficiency sm~t, m 

exoress-d 'top, nian e, or lower eav.)? 

5. 	 On wn: olan-s did e lower leaves : ,of 

-6. 	 in vour ouservations ,r f = ed orowt, olan7.s have you 

noted siillar oiant svm:oms? Bas- d or, what *you ave 

now seen, what .c you Think the nutrient die'iciencies 
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EXERCISE 3 - BACTERIA AND RHIZOBIA
 

A. 	Introduction
 

Nowadays we readily accept the notion that a man, or a cow, can be
 

the prey of creatures cmrnller than yn,, r>An sre with the naked eye. 

After 	all, who has not heard of bacteria? But there was a time, and not 

so lorq ago, when people were not ready to accept the existence of 

these 	minute organisms. Ifyou had lived at that time and were told
 

that...
 

;.:.,.;,.i,O bacteria placed side by side can fit on the head 
. pin; and, there are about a trillion bacteria (1,000,000, 
C)00) in a quart of sour milk; and, a cow weighs about 100 

ul u imes more than a single bacterium 

would you have believed this was so? 

You could not be blamed even now if you did not believe thase 

statern-nts. They do force us to stretch our imagination. However, a 

significant part of science is exercising the imagination, but in a
 

critical_ , so that the truth of any statement can be tested. Ifyou
 

don't 	know whether or not you want to accept the statements above as
 

true, you will be better able to judge for yourself after doing the
 

work in this Block.
 

Why Study Microbes?
 

Why study microbes when it seems so much easier to work with
 

larger creatures? First, microbes have great importance to man and to
 

other living organisms.
 

There ishardly any aspect of our lives, including our food, shelter,
 

or health, that is not directly or indirectly affected by the growth of
 

microbes. We can name the production of cheese, beverages, antibiotics,
 

industrial chemicals, and fuels as examples. On the other hand,
 

microbes cause diseases that afflict us all. Microbes rot buildings and
 

food. So, whether these small organisms help man or hinder him, they
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cannot be ignored and must be understood. Mcre directly, in 1886, two
 

German _cientists discovc:-ed a symbiotic relationship existed between
 

i..izob.a ,dteri2 legme plants within the nodules of the legumeand 


rout sisnnis. Phe rhizouia i, czseria were isolated, and in 1890 the 

advantaqe of adding pure bacteria Lo the seed prior to plarting was
 

demonst ra Qd. 

litrogen-fiing bacteria (rhizobia) are in'roduced into the soil 

eitnei Arectly or by applying them to the soei. When the seed yermi

nate, ch. bacteria invade Au&coat hairs or :,u suedling and begin to 

multiply. Nodu es (lump;s) rui on tha roo;s, 'which house the bacteria.
 

The symbiotic relationship occurs, as the plant provides food and a
 

supply system ior the bacterla---and the bacteria convert nitrogen (N2)
 

to aniiDo i 1nita- en ( HI3) for their host. lliia bioch emical conversion 

proce, Upths 6: uunae,, 1 a atmospheric nitru,- n available to the 

legume planz in a useable state. 

The legume isable to translocate the usaable nitrogen through its 

vasQ.lar system to its fruit and leafy tissue. The plant supplies the 

rhizobia with photosynthate, a food source the bacteria use as an energy 

source. 

Rh i_uhium is the genus or type of bacteria that will enter into a 

symbiotic relationship with legume plants. Wit in the genus there are 

different species. From these species scientists are able to identify 

thousands of strains of rhimoina bacteria, each possessing some unique 

characteristics from other strains. 

The major nonleguminous food crops of the ,orld do not enter into a 

svmoiotic relationship with any genus of bacteria. Their major source 

of nitrogen comes from commercially produced syntnetic fertilizers. 
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Current research projects throughout the world are looking at the
 

unique relationship of rhizobia 
to legunmes with the objective to someday 

be able to transfer these characteristics to nonleguminous plants. 

Most .- the methods used to study microorganisms were first 

developej for the study of bacteria, the smallest free-living micro

organ is. s l though th~e mcthods may seem ,:omp'icated at first, actually 

they arf: ind easy to learn. The techniques can be mastered with 

a litK _:ractice, especially if the following points are kept in mind. 

TYPes of instrumrnts. The inoculating loop, the needle, and the 

pipette are the most conmon instruments--they are the hallmarks of the 

microbiologist. These simple tools are designed to handle organisms of
 

minute size. Actually, individual microbes are seldom studied separately. 

Instead, the,, are usually handled in Iarq;e numbers. From our point of 

view, however, the amount of microbial Igrowth may be very small. It may 

be barel,, vi s'>, so we need these special instruments. Before these
 

instrumei:t. are used 
to transfer microbes, they are sterilized; the wire 

loop ,ndl eedle in the flame, the pipette in the autoclave. 
2. Micrcbiai cultures. In nature, many kinds of microorganisms are 

found growinq together. But when we grow ("culture") microbes in the 

laboracor- we usually wart 
to separate the different kinds and grow each
 

kind ("species") as a pure culture. To make a pure culture we must
 

sterilice the culture media and containers. We must, moreover, keep the
 

culture media free of foreign microbes by providing barriers to their
 

introduction. The use of cotton to strain out microbes has been practiced 

since 1855 when a pharmacist used a cotton plug to keep molds out of his
 

drug preparations. 
 Making media, preparing culture containers with cotton
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plugs, sterilizing glassware and media are necessary preparations for 

growing microorganisms. 

3. Asetic techniques. When we transfer microorganisms from one 

piece of equipImert to another, we do so in an environment in which there 

are unwantel microbes. If they are introduced, we call them contaminants. 

We cannot see them iith our eyes so we must "see" them with our minds. 

We must vi,,;:e how unwanted microbes can get into cultures. Then we 

handl:. 1 cultures in such a way as to prevent the entrance of the 

c.i1taminants. This requires- (1) disinfecting working surfaces with 

chemical solutions; (2) heating openings of culture containers when the 

cotton plug is removed; (3) sterilizing loops and needles before trans

ferring microbes; (4) removing covers from petri dishes just far enough 

and only long enough to introduce the culture medium and the microbes. 

4. Preventive measures. Finally, when we handle microbes we must 

be careful nmz to distribute them carelessly about the working area. 

This is especially important when microbes that cause disease are 

studied in hospital and research laboratories. Even though you will not 

be handling disease age-its, you should learn to handle cultures as if 

they were. Develop a steady hand for the careful transfer of microbial 

growth. Don't leave a trail of microbes behind! Sterilize the 

inoculating loop and needle before putting it down. Put all cultures 

and other materials containing living microbes in containers to be 

sterilized. Use disinfectant solutions to clean work areas. All these 

practices are designed for everyone's welfare. 

The basic microbiological techniques will be demonstrated. A film
 

on techniques will be shown. You will practice these techniques until
 

you too become skilled at working with the microorganisms. 
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B. 	Basic Techniques
 

How to Observe Bacteria 

Preparation of W,et Mounts: A technique basic to many procedures 

in preparing bacteria for microscopic obsarvation.
 

1. 	Place a drop of water in the center of a slide.
 

2. 	Flame a transfer needle and wait until it cools.
 

3. 	 Remove i small amount of bacteria from a culture and mix it 

wich the water. 

4. 	Flame the needle again.
 

5. Apply the cover slip and observe.
 

Preparation of a Smear: Another basic technique that you must
 

perform with precision, as illustrated in Figure I-8.
 

1. 	Carefully clean a slide by washing it with soap and water, 

drying, and gently heating one side in the flame of a Bunsen 

burner. These precautions are necessary to remove any fatty 

materials from the slide. Ifyour slide isclean, a drop of 

water will spread evenly over the slide instead of forming
 

discrete drops.
 

2. Handle the slide by grasping the edges and placing it on the
 

desk, flamed side up. 

3. 	Flame the transfer loop and use it to place a drop of water in
 

the 	center of the slide. Flame the loop again, and set it down.
 

4. Flame the needle. Remove the cotton plug from the mouth of a
 

culture tube by grasping it in the right hand and removing and
 

holding the plug inyour right hand.
 

5. Flame the neck of the tube and remove a minute amount of the
 

material from the culture. The amount of inoculum needed is 

very small.
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6. 	Flame the neck of the tube again, replace the cotton plug, and
 

set the culture in the test-tube rack.
 

7. 	 Spread the material on the needle in the drop of water over an 

area about one-inch square. 

8. 	 Sterilize the needle by flaming it and set it down. Always make 

it a rule to flame the needle or looo before and after use. 

9. 	Dry r,he film on tne slide by holding it high over a low gas 

flame. Do nt steam the liquid. 

10. 	Fix the film by passing the slide five or six times through the 

upper portion of the Bunsen flame. With the completion of this 

final step the smear is ready to observe. 

Variation: Ifyou want to make a smear of a bacterium in liiquid
 

culture, proceed as described above except that the bacteria ! suspension
 

isapplied directly to the slide instead of using a drop of water.
 

Caution: Smear side down 
Slide shnuld not got 
too hot to touch 

FMGURE 1-8 

A Simple Stain: Most routine stained preparations of bacteria are 

prepared by the use of a dye like methylene blue, gentian violet, or 

carbol fuchsin. To stain in this way, the dye is poured onto a slide 

which has been smeared as described previously. The time of exposure 

depends on the stain used, and sometimes on the bacterium. After the 

dye iswashed off the slide, the smear is dried. The most frequent 

mi~ztAi c h~vinn tho nrr,;,nrticz f-nn --rnwripri nn thp cm&3;r 
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1. 	Cover a smear with methylene blue stain.
 

2. 	Allow the stain to remain for 5 minutes.
 

3. 	Wash in tap water, drain, blot, and air-dry, or dry high over
 

a Bunsen flame.
 

For practice, to make sure you understand the staining technique
 

before beginning your experiments, prepare a test slide as follows:
 

4. 	Cover with a cover slip and examine under your microscope.
 

5. 	If a permanent slide is desired, a cover slip may be mounted
 

in a drop of balsam.
 

Washing 

-Addition of dye L i 

FIGuRE 1-9 

The Gram Stain: A separate category is retained for this stain, 

for it is probably the single most important bacterial stain. A Danish 

physician named Gram worked out its details when he noted that certain 

bacteria, after being stained with gentian violet, become decolorized 
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when washed in an iodine solution followed by ethyl alcohol. These
 

bacteria are referr-] to as being Gram-negative, while those that retain
 

the stain under these conditions are called Gram-positive. The Gram
 

stain is significant because many other characteristics appear to be
 

correlated with this reaction, including types of flagellation, response
 

to 	certain poisons, etc.
 

1. 	Prepare a smear.
 

2. 	Cover the smear with Hucker's ammonium oxalate crystal violet
 

stain and allow to remain for 1 minute.
 

3. 	Drain the excess stain and gently wash the slide in tap water.
 

4. 	Flood with Gram's iodine solution and leave for 1 minute.
 

5. 	Rinse with 95% ethyl alcohol until no more dye flows away from
 

the smear (about 30 sec to I minute).
 

6. 	Wash in tap water.
 

7. 	Counterstain with safranine for 10 to 30 seconds.
 

8. 	Wash in tap water, drain off the excess water, blot, and allow
 

to air-dry.
 

Spore-Stain: Certain bacteria produce resistant cells, called
 

spores, which are characterized by their heavy wall and by their lack of
 

affinity for stains. As in the case of acid-fast organisms, special
 

techniques are required in order to stain these cells.
 

1. 	Prepare a smear in the usual way except that the slide should
 

be passed through a flame 20 times.
 

2. 	Immediately flood the warm slide with 6% aqueous malachite
 

green and stain for 10 minutes.
 

3. 	Rinse with tap water for 10 seconds.
 

4. 	Counterstain ,!ith 0.25 aqueous safranine for 10 seconds.
 

5. 	Rinse with tap water, blot, and air-dry.
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C. Air-Borne Microbes
 

Microorganism- are all around us even though we are not conscious of
 

their presence. They are spread far and wide from those places where
 

they grow (habitats) to all parts of our environment. Often they go
 

along for a free ride with anything that moves. So the questions of
 

where microoryanisms are found and how they are spread are appropriate
 

ones to ask.
 

Materials
 

1. Eight or 10 tubes with 15 ml of sterile nutrient agar ineach
 

2. Eight or 10 sterile petri dishes
 

3. Water bath
 

Procedure 

Preliminary Preparation: Prepare the medium and sterilize the petri 

dishes before the day of the experiment. 

Preparatton of the Air-Exposure Plates: Melt the agar in a boiling 

water bath and cool to 50 C. 

Pour the nutrient agar into the set of petri dishes and let it 

solidify. 

Before the students assemble for classes in the morning the teacher 

or an appointed student will remove the cover from one agar plate, 

leaving the cover off for 10 minutes. Replace the cover. Label the dish. 

During each class period throughout a day a student will expose 

1 plate to the air of the classroom for 10 minutes. 

After classes are over and while theroom is being cleaned the
 

teacher or a student will expose another plate. All plates should be
 

exposed at the same location in the room.
 

The next morning before classes begin, the last plate will be
 

exposed. 
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All the plates are labeled, inverted, and incubai~ed for 3 or 4 days. 

Observations
 

The assigned students will count the numters of bacteria'. and mold
 

colonies on the plates and will arrange the plates as a demonstration 

for all the classes to observe.
 

The colony counts or each pldte are reported to the classes and 

recorded on the chart. 

Make a bar graph of the data. 



Time 


Before Classes
 

Fi!s,t Period
 

SecoIId Period 

Third Period
 

Fourth Period
 

Fifth Period'
 

Sixth Period
 

Seventh Period
 

Eighth Period
 

After Classroom
 
Ccatn-up
 

Next Day
 
Before Classes
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CHART FOR AIR-BORNE MICROBES 

Nlmbers of CoLonies 

Bac t eri a Mold s Total 



D. 	Microscopic Appearance of Bacteria
 

In 1676 Anton van Leeuwenhoek, a Dutch lens grinder, mixed pepper

corns (unground pepper) with water and looked at a drop of this "infusion"
 

with his simple microscope. In the infusion he saw bacteria for the
 

first time.
 

Now we use high-powered oil immersion microscopes to observe
 

bacteria. With such instruments we see bacteria magnified almost 1,000
 

times. We look at living bacteria in wet mounts, or more often we stain
 

them to see them more easily. 

In this exercise the staining technique will be used to reveal a
 

few characteristics of bacteria in a peppercorn infusion.
 

Materials
 

1. 	Air-exposed agar petri plates from previous exercise.
 

2. 	Microscope slide and cover slips.
 

3. 	Crystal-violet stain (see section on stains in Appendix). 

4. 	Paper towel.
 

5. 	Compound microscope with oil immersion objective.
 

6. 	Immersion oil.
 

Procedure
 

A. Technique for Staining Bacteria: There are three main parts to
 

this technique, each with several steps as follows:
 

Preparing the bacterial film on the microscope slide: 

1. 	Using a very clean slide, free of oily or greasy material,
 

heat gently by passing it above the blue cone of a burner three
 

times.
 

2. 	When the slide is cool, place a loop of the peppercorn infusion
 

on the slide and spread itover an area the size of a nickel.
 

3. 	Let the film dry in the air.
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Fixing the bacterial film onto the slide:
 

1. Quickly pass the slide three or four times through the flame to
 

fix or stick the bacteria onto the slide.
 

2. Let the slide cool to room tempe-ature.
 

Staining the bacterial film:
 

1. 	Dip the slide film into a glass of clean water.
 

2. 	While the film iswet cover it with several (3 or 4 usually)
 

drops 	 of crystal violet. 

3. Leave the dye on the film for 15 to 20 seconds before pouring
 

off the excess.
 

4. 	Gently was 
 the 	slide in a tumbler of clean water. 
 Repeat.
 

5. 	Drain the water from a corner of the slide.
 

6. 	Remove the remaining water with a piece of paper toweling by 

blotting. CAUTION: NOT THEDO RUB FILM. 

7. 	When the film isdry, it is ready to be examined microscopically.
 

B. 	ObsErving the Bacterial Film with the Compound Microscope: Use 

the low-Power objective to focus on the stained bacteria. What do you see?
 

Now swing the high-power objective into place. 
 If necessary, re

focus with the fine adjustment. What do you see?
 

C. 	Technique for Observing Bacteria with the Oil-Immersion
 

Objective: 	 Swing the high-power objective out of place.
 

Put one drop of immersion oil 
d'rectly onto the stained bacterial
 

film.
 

Swing the oil-immersion objective into place at the bottom of the
 

tube. The tip of the objective will go into 
the drop of oil. The oil
 

makes a cont4nuous medium between the slide and the lens system of the
 

objective.
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You are now ready to focus the microscope on the stained bacteria.
 

CAUTION: Focusing should be done with very great care to prevent
 

breaking slides and damaging the objective. Use only the fine adjustment
 

and turn it slowly to bring the colored film into clear focus. 
 Usually 

you turn the fine adjustment toward you. This moves the tube of the 

microscope upward. 

Observations
 

Observe the different kinds of bacteria, their shapes, and their
 

arrangements.
 

Draw representative bacteria, in their characteristic groups, which
 

you have observed on 
the stained slide. Make your drawings on the chart
 

provided.
 

Even though you are seeing the bacteria greatly magnified, still
 

they appear very small. 
 Make an enlarged drawing of each bacterial type
 

to show its shape and proportions.
 

Determine the approximate dimensions of the different kinds of
 

bacteria. Record in microns on the chart.
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CHART FOR OBSERVATIONS
 

Representative
 
Bacteria
 

Approximate Dimensions
 
Kinds of Bacteria (in microns)
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E. How To Get Pure Cultures of Bacteria 

The need for pure cultures of bacteria was especially evident to
 

Robert Koch when he studied infectious diseases. The problem was to
 

determine which bacterium, of the many associated with the diseased
 

animal or plant and its environment, was the causative agent of a given
 

disease. To do this would require the separation of the different kinds
 

of microorganisms present. 

Since microbes are so minute and so closely intermingled in their
 

natural habitats, the separation of different kinds cannot be done as
 

easily as one can separate dandelions frnm grass ina lawni. Yet it is
 

possible to make these separations to obtain pure cultures--cultures
 

containing only one kind of microorganism.
 

How are microorganisms separated? You will use techniques which
 

Koch and his coworkers developed and which are still used today to
 

isolate pure cultures of all types of microbes.
 

Purpose 

Pure cultures of microorganisms will be prepared by using two 

methods: the "streak plate" method and the "pour plate" method. 

Materials (per team)
 

1. 40 ml nutrient agar or beef bouillon.
 

2. Water bath (double boiler)
 

3. One transfer loop.
 

4. One 1-liter flask. 

5. 8 test tubes.
 

6. 3 petri plates.
 

7. 1 graduated cylinder.
 

8. 10-ml pipettes. 

9. Soil suspension (I g garden soil in 5 ml water).
 

10. Mixed sussens'on of Rhizobium-Serratia marceseus.
 



Procedure
 

First Day
 

A. Preparation of Culture Medium (per team): Select 5 clean test 

tubes of approximately equal diameter. Mark the 15 ml level on all 5 as 

follows: Place 15 ml o, water in 1 tube and mark the water level with a
 

wax pencil. Pour out the water and use this tube as a measure to mark 

the 15 ml line with wax pencil on the other tubes. 

Fil all tubes to the 15-ml mark with nutrient agar medium or beef
 

bouillon agar medium made according to directions in Appendix, and plug
 

with cotton. 

Select 5 more clean test tubes. Using a 10-ml pipette, add 10 ml 

of distilled water to each of the test tubes and plug with cotton. 

Sterilize all tubes containing water and agar in an autoclave or
 

pressure cooker at 15 lb pressure for 15 minutes (121.5 C). Each pair 

of students should have three tubes of water and five tubes of agar.
 

Second Day 

B. Preparation of Plate Cultures: Each pair of students will use
 

one tube of mixed suspension of Rhizobium and Ser'ratia marceseus. Set
 

up a boiling water bath to melt the tubes of media. While agar is
 

melting make dilutions for the following methods. 

Pour Plate Method
 

Arrange the three test tubes of sterile water in a rack and number 

tubes 1 through 3. Place 5 sterile petri plates on desk and number 1
 

through 5.
 

Sterilize a bacteriological loop in flame, cool, and take 2 loops 

of the source material and inoculate Tube I. Mlix by tapping gently or 

rolling tube between palms of nancs. Flame loop, cool, and transfer 2 



Take 2 loops of culture from Tube 1 and add to Tube 2. Mix and
 

transfer 2 loops from Tube 2 to Plate 2 and to Tube 3.
 

Mix Tube 3 and transfer 2 loops of culture to Plate 3. (Caution:
 

Flame loop and tube lip before and after each transfer. Also replace
 

cover of petri plate as soon as plate is inoculated.)
 

When agar in tubes is melted, cool in the water bath to 45 C and
 

pour 1 tube of a-car into each numbered plate. Dry tube with towel and
 

flame :;outh of tube before pouring plates. Do not allow tube lip to
 

touch inside of plate. 
 Plate 4 is a control containing agar but no
 

source of microorganisms. 

STREKPU 
 RPU
 

PLATE PLATE 
 PLATE PLATE 
 PLATE
 
5 2 3 4 

1-10 1: 100 110OO0 CONTROL 
FIG. 20 Scheme of procedure for loop dilution with pour plates.
 

Streak Place Method
 

When Plate 5 has solidified, flame loop, cool, and take a loop of
 

the original source material and streak the surface of the agar. 
 Do not
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dig or cut into the agar. Use one of the methods illustrated in
 

Figure 21 to streak the plate.
 

START START START 

_____ ~STA RT 

A a C D 

FIG. 21 Four differenc methods of streaking plates.
 

Incubation of Plates
 

When the plates have solidified, incubate them upside down at 
room
 

temperature (do not incubate plates near a radiator or in direct sun

light. 25 C is a good temperature). Observe daily for 3 days after
 

which time final observations are to be recorded.
 

Observations
 

Record your results diagrannatically on the following chart.
 

Divide each plate into sections and count the number of colonies. 

Assume that each colony came from a single bacterial cell. Hence, the 

number of viable organisms in the original source material equals (number 

of colonies per section) x (number of sections) x (dilution). Instead
 

of dividing the plate into sections, you may use plastic counting discs if
 

available.
 

Estimate the number of bacteria present in the first loopful 
of 

source material assuming that (1) the volume of the material transferred 

by a loop is 1/100 ml, or 10-2 ml; and (2)the diameter of the petri 

dish is 10 .m. In your calculations try to use plates containing from 30 

to 300 colonies. 
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CHART OF OBSERVATIONS
 

Plates Inoculated with 

Agar Streak Plate
 

Composite Loop Dilution Agar Plate
 
(The three sectors represent plates 1, 2, and 3).
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EXERCISE 4 - COLLECTION OF NODULES AND ISOLATION OF
 

RHIZOBIUM
 

A. 	Introduction
 

A successful legume plant at a particular site is fre

quently a manifestation of an especially effective symbiotic
 

association between host plant and strain of Rhizobium. 
A
 

plant explorer who collects seed alone should not expect to
 

see the full potential of the plant line in subsequent evalu

ations unless some attempt is made to reconstitute an
 

equally effective symbiosis. Commonly, an introduced legame
 

fails to encounter effective native strains, and/or nodulate
 

effectively with available inoculants, in a new environment.
 

Experience shows that this situation can be avoided if
 

strains of Rhizobium which are genetically and geographi

cally affil-iated with that host can be made available for
 

use as inoculants. Thus nodule (Rhizobium) collection
 

should be undertaken as a routine procedure by plant collec

tors.
 

This section is directed specifically at the plant
 

collector who has neither microbiological training nor
 

legume bacteriology back-stopping from within his research
 

organization. The step-by-step instructions for collecting
 

nodules in the field maximize the possibility of successful
 

isolation of a Rhizobium strain by the laboratory which
 

undertakes processing of the samples. A companion volume of
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this manual describes field and laboratory methods for
 

isolation of Rhizobium from nodules, for characterizing
 

the strains in 
a pure culture and for conserving strains in
 

a Rhizobium collection. It is sufficiently comprehensive
 

to permit a research group to initiate work in this 
area and
 

would be particularly useful to 
a plant pathology laboratory
 

with no prior experience with Rhizobium if they were 
to
 

undertake to back-stop a legume collection program.
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B. Nodule Collection
 

In this exercise you will have the opportunity to
 

become familiar with legumes in the field, examine their
 

nodules, isolate presumptive rhizobia from such nodules,
 

verify the purity of the isolates and then authenticate
 

them as Rhizobium.
 

Materials
 

Legumes with roots from field trip.
 

Razor blade.
 

Forceps.
 

Transfer needle.
 

Compound microscope.
 

Slides and cover slips.
 

Spot plates.
 

Carbol fuchsin stain (appendix).
 

95% eihanol.
 

1% acidified mercuric chlor;ide solution (HgCl2 1 g;
 

HCI 5 ml; water to make 1 liter).
 

Procedure
 

Preparation for the Collection Trip: Timing of a
 

trip to collect nodules for isolation of Rhizobium should
 

coincide with the season of vegetative plant growth and ade

quate soil moisture. This may not always be possible, since
 

combined Rhizobium/plant collecting expeditions usually
 

are made at plant maturity to facilitate seed collection.
 

Unfortunately, at this time most legumes carry only a
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reduced nodule complement (if any) and the dry, baked soil
 

conditions impede excavation of roots.
 

It may be necessary to undertake a separate expedition
 

specifically to 
collect nodules because of non-coincidence
 

of the nodule- and seed-collecting 
seasons. Therefore, it
 

is imperative that plant collection site documentation be
 

sufficiently explicit 
to permit the exact location (and
 

ideally, the same plant) to 
be re-visited in a different
 

season.
 

Materials and Equipment Need for the Collection Trio:
 

The materials required during a collection trip depend on
 

its duration:
 

Short term
 

--	 spade; 
-- knife;
 
-- permanent marker;
 
-- field book;
 
-- selection of polyethylene bags;
 

Medium term
 

-- all above;
 
-- collection vessels (Figure 1);
 

Long term
 

--	 all above; 
packing materials for dispatching samples to collabora
tors
 

--	 sterilizing solution (1% acidified HgCl2, see above). 
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Collection of Nodules: When collecting from road

sides and other disturbed sites, note that soil conditions,
 

plant performance and nodulation may not be typical of the
 

region. Seek out legumes that appear successful in an eco

system pertinent to your interests, such as native pastures
 

and/or stable natural ecosystems. Having located a plant
 

from which to collect nodules, subsequent procedures depend
 

very much on duration of the collecting trip. 

When it is possible to deposit the sample on the same
 

day with the laboratory which uiI perform the isolation, it
 

is simplest to excavate the whole plant and its nodulated
 

root system in soil and pack it firmly into a polyethylene
 

bag for transport to the laboratory.
 

For trips of one to 14 days, collected nodules must be
 

prevented from decomposing and protected from invasion by
 

soil microorganisms which interfere with subsequent isola

tion procedures. Segments of the nodulated root (be sure it
 

belongs to the proper plant) may be collected in a plastic
 

bag with moist soil.
 

The nodules may be conserved in a vial containing a des

iccant. Collection vessels (Figure 1) must have caps that
 

provide an air-tight seal. Desiccant (anhydrous calcium
 

chloride or silica gel) occupies one-quarter to one-third of
 

the volume of the container. It is held in place and must
 

be prevented from coming in contact with the nodule samples
 

by a cotton wool plug. The volume of nodules and/or roots
 

should not exceed the volume of dessicant.
 



Screw cap 
- wth air-tight 

geal) 

sample
Nodukc

Glass vessel
 
(5-10 ml
 
Capacity)
 

Cotton wool 

Desiccant 
(anhydrous calcium 

chloride) 

Figure 1 Vessel for storing nodules. 

Seldom is it necessary to excavate whole plants to re
trieve nodule samples. Careful paring away of soil around
 
the root crown or stolon nodes to 
locate young adventitious
 

roots and then carefully excavating these with a penknife
 

often yields best results. 
 If this method proves unsuccess

ful, (and it depends very much on 
the species involved),
 

deeper excavation of 
the root 
system may be necessary. In
sert a spade vertically into the ground some 15-20 
cm from
 
the base of the plant and on 
all four sides so that an in
tact sod of soil containing the bulk of the plant root 
can
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be pried free. Extraction of the root system is made easier
 

by immersing the sod in water and allowing the soil to fall
 

away. 
 Even without water, it should be possible to examine
 

the roct system tor nodules by sequentially fragmenting the
 

soil by hand.
 

The location of nodules on 
the root system is very
 

species dependent. In a sward situation, the nodules of
 

stoloniferous legumes usually are concentrated superfi

cially, within 1-2 cm of the soil surface, attached to
 

adve'-.t-ious root-s. most Stylosanthes species they are
In 


equally distributed along the length of 
the primary and
 

lateral roots 
in the top 10-15 cm, although in Stylosanthes
 

capitate they tend to be found only at 
a depth of 15-25
 

cm.
 

In Leucaena, nodules seldom can be found under mature
 

stands and the best hope of 
success is with isolated seed

lings and young plants growing in full sunlight.
 

Do not expect to locate nodules on the main rootstock
 

of perennial species. Nodules of 
most legumes have a finite
 

life span, and a maturing root that may have borne nodules
 

when younger, no longer has the anatomy that would permit
 

reinfection and nodulation. 
 Nodules on perennial species
 

sometimes can be located by following 
a root out to the zone
 

of new growth; this zone may be many centimeters from the
 

crown. Do not 
expect to find nodules on a plant that has
 

been pulled out of the ground by force. 
 In most species,
 

the connection between the nodule and root 
is extremely
 

tenuous.
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Sample only fresh, firm nodules and avoid taking
 

samples of those which are damaged or decaying, since
 

routine isolation procedures are unsuccessful with such
 

material. If the root to be sampled is abundantly
 

nodulated, section some of the nodules to check for white,
 

pink or graen pigmentation (sectioned nodules are of no
 

value for subsequent isolation).
 

The inner pigmentation often is visible throughout the
 

semi-opaque nodule periderm, making it 
easy to pick active
 

nodules for sampling. 
 Use a sharp knife or small scissors
 

to sever the root about 0.5 cm on either side of the site of
 

nodule attachment. Even very fine roots be amazingly
can 


resistant to attempts to 
break them with the fingers. Such
 

efforts usually result in compression damage to the nodules.
 

If the root to be sampled bears only a few healthy
 

nodules, it-is more important to collect these than to
 

section them to describe their pigmentation. Try to collect
 

at least 10 nodules per plant. There are two reasons 
for
 

this. First, it increases the chances of obtaining a viable
 

isolate for a particular plant. Second, the proportion of
 

nodules from a single plant that yields strains which are
 

subsequently found effective in nitrogen fixation with the
 

homologous host, can be quite low, as is the case with
 

Stvlosanthes. This is not surprising, given the range of
 

effectiveness of strains in 
the soil population of Rhizobium
 

that may infect a native legume species. All nodules from a
 

single plant represent one unit of collected material and
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may be stored in the same desiccating tube. Under no
 

circumstances should nodule samples from different plants be
 

combined. Label the sample with a specimen number that
 

relates it to the documentation of its plant accession and
 

site of origin.
 

C. Microscooic Examination of Rhizobia Nodules: 
 When few 

other organisms are present, rhizobia may be isolated direct

ly from soil, peat cultures or inoculated seed by streaking
 

a su_.ension of the material to a suitable culture medium.
 

However, in the presence of other organisms the suspension
 

is used to inoculate a seedling host growing under
 

bacteriological control, 
isolations being made subsequently
 

from fresh nodules as described below.
 

During the field trips you became familiarized with the
 

general toxonomic characters of the Leguminosae. The course
 

followed by most collectors is to recover a good plant speci

men, dry and press it and forward it to a reliable botanical
 

source for precise identification. Nodule size, shape, dis

tribution, and other characters are species-dependent, and
 

this will be illustrated for you. Carefully excavate nodu

lated roots from the soil and place in polythene bags for
 

return to tiie laboratory. If the legume is in seed, collect
 

seeds for authentication of 
isolates as Rhizobium.
 

Cut thin sections of the nodules by hand and float them
 

out in a little water on a microscope slide, cover with 
a
 

cover glass and examine under low- (10x) and high- (40x)
 

power objectives. The presence of leghaemoglobin can be
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noted as pink, red or 
brown coloration. White, green and
 
(rarely) black nodules may also be found. 
Ask your
 
instructor to 
explain the significance of these color
 

differences.
 

Rub the cut surface of a nodule on 
a dry microscope
 
slide thereby making a smear. Allow the smear 
to dry in the
 
air, then pass the slide through a flame momentarily. 
Cool
 
the slide and stain the 
smear 
with dilute carbol fuschin for
 
10-20 seconds. 
 Wash in water, blot off excess moisture and 
dry in air. Examine under the high power, oil immersion 

objective. Note the difference in morphology between the 
"bacteroids" in this 
smear 
from a nodule and bacteria of the
 
same rhizobial species but grown in pure cultt-e in the
 

laboratory.
 

D. Isolating Rhizobium from a Nodule: 
 The first step is
 
surface sterilization. 
Wash roots thoroughly to 
remove soil
 
and gross surface contamination. 
 Sample nodules (preferably
 
as many as 10) from the 
root by severing the root about 0.5
 
cm on either side of the site of the nodule attachment.
 
These root 
tails can 
then be used to manipulate the nodules
 
with forceps, thereby reducing the 
risk of damage to the
 
nodule itself. 
 Immerse briefly (1-5 seconds) in 95%
 

ethanol, transfer 
to 0-1% acidified mercuric chloride solu
tion (HgCl2 1 g; HCI 5 ml; water to 1 liter) and leave for
 
4 minutes. 
 Rinse in five changes of sterile water, making
 
transfers with elcohol flamed forceps. 
 If the surface
 
sterilization is performed with desiccated nodules, these
 



should be allowed to rehydrate in sterile water for 5 

minutes after the final rinse.
 

Crush the nodule in a minimal volume of sterile water 

with fine-pointed forceps to give a milky suspension.
 

Streak out-. one loopfuL. of this on yeast-mannitol agar (YMA) 

plates, The most satisfactory means of coping with contami

nation if to vary the time of sterilization in mercuric 

chloride, eminhas izi ng the need for a large initial nodule 

sai.Tle to allow repetition if the first attempt fails.
 

The procedure lends itself well to improvization, and 

many variations exist basically because they are preferred 

by individual rhizobiologists. Here are some variations-

try them and compare your success at isolating by at least 

two m=chods. 

The needle method of isolation is useful for large
 

(diameter greater than 2 mm), freshly harvested nodules. 

Wash the nodule well with water, dip it in 95% ethanol and 

flame it momentarily. Holding the nodule with forceps, 

slide off a segment with a sterile scalpel. Insert a 

sterile inoculation needle, the tip of which is bent to a 

tiny 1 mn loop, into the cut surface. Streak the moistened 

loop directly onto YMA. An additional isolative procedure 

is illustrated in Appendix 2. 

E. Obtaining Single Colony Isolates from Primary Isolation
 

Plates: The plates you have prepared from the nodule
 

homogenates are referred to as the primary isolation plates. 

Incubate these at 26 0 C and check for growth typical of 
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Rhizobium along the 
streak lines. Well isolated single
 

colonies should be picked off and restreaked on clean plates
 

to 
obtain pure cultures of the presumptive Rhizobium
 

strain. it is possible that 
more than one "typical" colony
 

type may appear on a plate streaked from a single nodule,
 
and each of these should be taken to 
pure culture and held
 

as stock cultures on 
agar slants in screw-top tubes.
 

Inoculate your presumptive rhizobia into 
flasks (two
 
per isolate) containing 50 ml yeast-mannitol broth (see
 

Apper:J."x VII). Authentica:ion will be performed using these
 

cultures.
 

The isolation techniques used are 
the same as those
 
listed in the earlier exercises. 
 Yeast extract mannitol
 

medium (for composition see Appendix VII) 
can be modified
 

for use as a differential medium useful for 
authentication
 

of the isolates. This is 
done by adding brom thymol blue
 
(10 ml/liter of 
a solution made by dissolving 1.25 grams in
 
40 ml of .05 
normal Sodium Hydroxide and diluting to 
250 ml. 
with water). The majority of isolates from tropical legumes 
produce alkaline end products which turn this medium blue. 
Acid producers turn it yellow. 
While strains producing acid
 
are associated characteristically with the Trifolieae-


Vicieae, they occur 
also with other unrelated groups of
 
legumes, including a few tropical types. 
 Since the vast
 

majority of tropical Rhizobium isolates produce these
 
alkaline end products, blue color of the medium surrounding
 

the bacterial colonies gives good venfication that rhizobia
 

are present.
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F. Authenticating the Isolates as Rhizobium: The importance
 

of testinq that the isolate is a oure cul]-ure of a single
 

organism which can forn noduleson lolurme roots cannot be 

over.-strtessed, and is an indispensible prerequisite for the
 

organism to be referred to as Rhi.zobium. 

Prepare four plastic cup assemblies for each of the isolates
 

(see Appendix 1). 

Siirf-ce sterilize seeds by momentary immersion in 95% 

ethnirul, tollowed by 2-3 minutes in 0. 5% HqC 2 For hard

seu:.Adspecies (e.7. , Stvlosanthes spip. ) immersion for 

10-20 minutes in concentrated sulphur c acid will simul

taneouslv scarify and sterilize the seed surface. In both 

cases sterilizaton treatment is followed by at least five 

washes in starile water. Seed is allowed to 
imbibe by soak

ing in sterile water for about an hour, -nd is then trans

ferred to J.%sterile water-agar plates. These are incubated 

in an inverted position so that the emerging radicles grow 

straight down. Germinated seeds are transferred to the
 

tubes when radicles are about 1 cm long.and are allowed to
 

grow for about 5-7 days before inoculation.
 

Plant three pregerminated seeds of the appropriate host
 

in each of four sterilized cup assemblies containing a
 

nitrogen-free nutrient solution. Apply 1 ml of each broth 

onto each of the seeds in twc cups. The other two are not 

inoculated and will serve as controls. These operations 

sho1ld be performed in the glasshouse or growth room where 

the plants wxll be cultured. Take adequate precautions 

against- cross-contamination between treatments. 
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Examine for differences in vigor between the inoculated
 

and uninoculated plants. These should become apparent 15-30
 

days after sowing. Remove the plants from the rooting
 

medium and record the presence or absence of nodules. The
 

presence of nodules in the uninoculated treatment invali

dates the authentication and it must be repeated with better
 

bacteriological control. Record the nodule number, nodule
 

fresh weight and total plant dry weight in each treatment.
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EXERCISE 5 - THE SYMBIOSIS
 

A. TO-Test For Genetic ComDatibilit, Betweer Rhizobia and Legumes 
In this exercise you will use methods that detect strains of
 

Rhizobium able nodulate
to particular legumes. You will become familiar
 

with specificity and promiscuity of infectiveness in rhizoLia, and also
 

learn of the specific requirements of certain legumes for particular 

rhizobia.
 

MaterisI 

infiltration irrigation system for leguminous plant infectivity
 
testing.
 

Nitrogen-free nutrient solutien (Appendix 9).
 
Yeast extract mannitoi broth.
 
Water agar (water plus .75' w/v agar).
 

Petri dishes.
 
Rhizobia and legumes as shown on Table 1.
 
3% solution of sodium hypochlorite (clorox).
 
Sterile water.
 
Forceps.
 

A. Preoarinq Seedling Agar Tubes and Plastic Cups: 
 Prepare
 

seedling agar sldnts in 22 x 250-mm test tubes 
(.Appendix 4). Set up cups 

as explained inAppendix 1. 

B. Preliminary Culturing of Strains of Rhizobium: Cultures of 
each of the strains listed in Table I set up in 100 ml of YM broth in
 
200 ml Erlenmeyer flasks. 
 This is done as 
advance preparation for this 

exercise. 

C. Preparing Germinati,n Plates: Mlake 300 ml of 0.75" (w/v) water
agar in a 500-ml flask and sterilize. Pour 25 ml of molten water-agar
 

into each of 12 petri dishes and allow to cool. 
 Seeds will be pre

germinated in these dishes.
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Table 1. 	Strains of Rhizobium and hosts with which they will
 
be tested.
 

Rhizobium species Legume. 

Rhizobium japonicum Glycine max (soybean) 

Rhizobium sp. Vigna unguiculata (cowpea) 

Rhizobium phaseoli Phaseolus vulgaris (bean) 

Rhizobium leguminosarum Cicer arietinum (chickpea) 

Rhizobiuin luDini Lupinus sp. (lupin) 

Rhizobiur meliloti Medicago sp. (medic) 

Rhizobium trifolii Trifolium sp. (clover) 

D. Surface Sterilizing Seeds: Pre-check the percentage germination
 

of the seeds and surface sterilize enough to give 100 viable seeds for
 

this exercise. Surface sterilize the seeds by immersion in a 3%
 

solution of sodium hypochlorite for 10 minutes. Rinse seeds with 6-8
 

changes of sterile water after surface sterilization. Allow the seeds te
 

imbibe in sterile water for 1 hour and then rinse twice. Transfer the
 

seeds aseptically to agar plates with a spoon-shaped spatula. Each
 

batch of 100 seeds should be dispersed evenly in two water-agar plates
 

and incubated at 26°C. The small-seeded species should be inverted
 

while incubating. This will give straight radicles that are much easier
 

to handle in later steps of the exercise.
 

E. Planting and Inoculation: Soybean, bean, chickpea, and lupin
 

seeds will be planted in cups. Make three well spaced holes in
 

the rooting medium to a depth that will accommodate the pregerminated
 

seeds 1 cm below the surface. Add sterile gravel over the surface oF
 

the rooting medium. Set up three cups for each species.
 

Clover and medic will be cultured on agar slants in tubes. Plant
 

one pregerminated seedling in the agar surface. This is easiest when the
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radicles are 0.5-1.0 cm long and straight. Wrap aluminum foil around the
 

lower part of the tubes to shield the roots from light.
 

After 5 days, thin the cups to two uniform plants per cup by
 

excising the shoot of the unwanted plant aseptically, leaving the rooting
 

medium undisturbed. 
 Dispense drops of rhizobial culture (totalling 1 ml)
 

around the sites of emergence of the two remaining plants. Also as this
 

time dispense 1 ml of Rhizobium culture over the 
roots of the seedlings
 

in the agar slants.
 

Avoid cross contamination between strain treatments.
 

Examir. the plants over a period of 5 weeks after inoculation. Note
 

their color and whether nodulated. Replenish the tubes and cups with
 

sterile water as required. At the end of the 5th week, excise the plant
 

tops and determine their dry weight (dry for 48 hours at 60-70'C).
 

Remove roots from the cups 
and tubes and wash free of rooting medium.
 

Record the presence or absence of nodules in Table 2 and describe the
 

nodule pigmentation.
 

Look for incidences of cross-inoculation revealed in the table and
 

discuss the infectiveness and effectiveness of ezch strain/host combina

tion. Effectiveness will be apparent from the dry matter produced by
 

the associations.
 

After 5 days the plant population is thinned to two plants/cup by
 

excising the shoot of the unwanted plant with sterilized scissors.
 

Make daily observations on plant growth. 
 Plants may "green-up"
 

quite rapidly at the time that nodules begin to function, delivering
 

fixed nitrogen for plant metabolism. Plants inoculated with ineffective
 

strains of Rhizobium, and also the uninoculateo controls, will remain
 

yellow and stunted.
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Table 2.. 	For recording presence (-) or absence (-) of nodules in each 
Rhizobiwn/legume combination. 
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B. To Screen Rhizobia for Nitroen Fixation Potential
 

In this exercise you will compare the nitrogen fixation potential of
 

a range of strains of Rhizobium in symbiotic associations with soybean.
 

The most effective strains in this exercise will be compared later in a
 

field trial.
 

Materials
 

Infiltration ir-4igation system for leguminous plant infectivity
 

te ting (Appendix 1)
 

3% sodium hypochlorite solution (clorox)
 

Petri dishes with water agar
 

A. Preparinq Cups: A total of 51 cup assemblies will be required.
 

Set these up as explained in Aopendix 1.
 

B. Culturing Strains for Testing: Each of the 15 Phizobium
 

jaDonicum strains that will be evaluated should be cultured 7-9 days 
in
 

advance of the exercise by inoculating them into 20 ml of YM!broth
 

contained in 100 ml conical flasks. Incubate these at 26°C on a rotary
 

shaker.
 

C. Surface Sterilizing the Seeds: Pre-check the percent germina

tion of the soybean seeds and surface sterilize a sufficient n'imber of
 

uniform, undamaged seeds to give abOL't 200 viable seeds 
for the exercise,
 

Surface sterilization is accomplished by immersion in 3% sodium hypo

chlorite as outlined in Exercise Germinate the seeds on sterile
 

water-agar [0.75,- (w/v)] until the radicles are 0.5-1.0 cm 
long.
 

D. Planting and Inoculating the Cups: Follow the method given in
 

Exercise Take precautions against cross-contamination. The plus
 

nitrogen control is amended with 70 ppm N (0.05%j potassium nitrate).
 

Do not inoculate the plus N and uninoculated controls. The 15 str-ain
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treatments and two controls are replicated three times, giving 51
 

vessels in all. The cups should be randomized on the growth room (or
 

glasshouse) bench. 

Bear in mind that growth conditions such as temperature and light 

intensity during this experiment must be in the range to which the 

species are adapted. Excessive root temperatures in legumes cultured 

greenhouses are oarticularly damauing. Infection, nodule development 

anG :ndil', function ire severel / irouailred by this stress. If the plus 

ni r,,:n control platrcs in a strain selection experiment have not grown 

well , the strain differenc-es ii nisroqen fixation effectiveness cannot 

be expressed because of other 1imiting 'actors. 

i 
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C. Nodulation and Plant Growth
 

Bac kqround
 

Increased demands for food and fiber by an increasing world popula

tion have strained the world's existing natural resources. This demand
 

is expressed as a dependency on fast dwindling supplies of natural gas
 

and has focused much attention to conservation practices. For example,
 

only 2.5,% of the United States annual consumption of natural gas is
 

utilized for the commercial synthesis of nitrogen (N)fertilizer, but the
 

scarcity and cost of this source of energy have stimulated an interest
 

in alternatives to synthetic N fertilizers. Fortunately, there is a
 

great potential to increase soil and plant N supplies without depleting
 

our energy resources, through biological N fixation. This ability
 

resides with some free-living microorganisms as well as some micro

organisms in a symbiotic relationship. Perhaps the best known associa

tion is between the bacterium, Rhizobium and leguminous plants. Initial
 

recognition of this important relationship isattributed to Hellreigel
 

and Wilfarth. However, the soil-enriching quality of leguminous crops
 

was known during the time of the Roman Empire when rotational cropping
 

systems were introduced.
 

"Symbiosis" may be defined as two or more dissimilar species which
 

live together in an intimate relationship and exert mutually beneficial
 

effects.
 

The Symbicnts
 

Species in the family Fabaceae (Leguminosae) are second in number
 

only to Asteraceae (Compositae) among the dicotyledons. It has been
 

estimdted that there are some 700 genera encompassing over 14,000
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different species. 
 While the family is considered tropical inorigin, it
 

is diverse both in habitat and characteristics and is divided into three
 

subfamilies. 
 The largest of the subfamilies, Papiloneideae, occupies a
 

wide range of econiches from tropical, temperate, and arid, to 
even arctic.
 

Approximately 10 to 20%2 of the family Fataceae have been examined
 

for the presence of nodules, and of those examined about '
90% were observed 

to be nodulated. However, the absence of nodules at one location is no 

guarantee that a species is a non-nodulating type.
 

Rhizobia, the other partner in the symbiosis, are gram-negativ,
 

rod-shaped, nonspore-forming, aerobic, chemoorganotropic, and motile
 

bacteria. Their temperature oPtima are between 25 and 30'C and pH range
 

is 5.0 to 3.5. They have been classified on the basis of ability to
 

infect a single leguminous species, primarily on temperature zone hosts
 

(Table 1).
 

Table 1. Designated species of Rhizobium based on
 
representative preferred hosts.
 

Rhizobium species Representative preferred hosts
 

leSuminosarum 
 Pisum, Vicia, Lathvrus, Lens
 
trifolii 
 T;ifolium 
phaseolus ?haseolus vulgaris
 
meliloti 
 Medicago, Melilotus, Triogonella 
lupini Lupinus, Ornithooeus
 
japonicur Glycine max
 

J. M. Vincent, 1974.
 

Biological Nitrogen Fixation
 

The transformation of the dinitrogen molecule to ammonia 
is a
 

reductive process and is thought to occur through its binding of the N 

molecule to the surface of the enzyme nitrogenase. Microorganisms which
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possess nitrogenase ordinarily require no other N source; however, those
 

organisms which lack nitrogenase are dependent either on available soil 

N forms or synthetic N fertilizers.
 

Nitrogenase occurs ina variety of microorganisms, some of which
 

are free-living and some of which occur in symbiosis with another
 

organism. It is the latter group that 
are of potential significance in
 

crop production. Bacteria of the genus Rhizobium can form tumors called
 

nodules on the roots of specific species of the leguminous plant family. 

Rhizobia are not obligate symbionts, but probably fix only small quanti

ties of N saprophytically. By far the greatest amount of N is fixed when
 

the organism is growing symbiotically with the appropriate host. The
 

amount of N fixed varies depending upon the crop and climate conditions
 

but quantities of up to 300 kg N/ha/year have been reported. Estimates
 

of 50 to 100 kg N/ha/year represent the average N fixed for an average
 

leguminous crop. On a world-wide basis this amounts to about 100
 

million tons N fixed each year.
 

Objectives
 

1. Demonstrate the importance of N for adequate growth of plants.
 

2. Demonstrate that for some plants their N requirements may be
 

satisfied by root nodule-forming bacteria.
 

Materials
 

Seeds of nonleguminous plants (may be corn, sorghum, grass, etc.)
 
Seeds from leguminous plant (may be alfalfa, soybean, beans, peas)
 
Sterile soil (autoclaved for 1 hour, each of three successive days)
 

Nonsterile soil from field with a history of growing the legume
 

to be used
 

Pots (12) (holes in bottom) 
Nitrogen solution (9.0 g KrJO3 500 ml-l N as KNO,) 

Marked stakes
 

Brown 9aoer
 



Procedure
 

1. Fill 12 pots with sterilized soil.
 

2. Fill 4 pots with nonsterile soil. 

3. Place enough sterile soil on brown paper to fill 6 pots. Add 

additional nonsterile soil enough to fill 6 pots). Thoroughly mix soil. 

Fill 12 pots with mixed soil. 

4. Mois'e: with sterile water. 

5. Piant naf of the pots containing sterile soil with 5 legume 

seedq per o ma King ia::i nole in surface with alcoiol-flaimed giass 

rod. Plant remaining pos of sterlie soil with 5 nonlegume seed per 

pot in a similar fashion. 

6. Label these pots with 0, 25, 50, 100, 200, or inoculated (1). 

7. Repeat planting operation for pots containing nonsterile soil 

and for pots containing the mixc:re of sterile and nonsterile soil. 

8. Cover seeds in al Dots except those marked with i (for 

inoculated). Use alcohol-flamed glass rod starting with pots containing 

sterile soil only. 

9. Use about 0.5 ml of the appropriate Rhizobium species to
 

inoculate each seed in I marked pots. Cover seed as before.
 

10. Keep surface of pots moist with sterile water but not saturated
 

until germination is complete. 

11. Water pots periodically with sterile water to maintain soil 

moisture at an ontimnm conition. 

12. Four das after germination is complete, add N solution to pots 

as follows: 
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Amount
Pot designation 
 KNO 3 solution Water 

ml pot-!
 

0 0 40
 
25 5 35
 
50 10 30
 

100 20 20 
200 40 0 

T0 40 

13. Thin seedlings in pots to same number (3 • pot-). 

14. Resume normal watering schedule until seedlings are harvested
 

28 days later.
 

Observations
 

1. Harvest tops of all plants; place in bags and dry.
 

2. Weigh contents of each bag.
 

3. Look for presence of nodules on roots of legumes; if pots other
 

than I pots have roots .with nodules, estimate nodule number and
 

approximate mass.
 

4. Plot data on graph paper using Y axis as top biomass and X axis
 

as 	the amount of N added. The levels used corresponded to about 0, 25,
 

-
50, 100 and 2M0 kg N • ha Plot biomass for I pot to the right of the
 

200 kg N point.
 

5. Compare growth of legume and nonlegume for each soil condition 

(i.e., sterile, nonsterile and sterile + nonsterile). 

6. Also compare growth within a type of plant (legume or non

legume) across all soil conditions.
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D. To Test the Survival of Rhizobia on Inoculated Seed
 

In this exercise you will be monitoring the survival of rhizobia
 

during the time at which they are at greatest risk, i.e., while on the
 

seed coat awaiting the emergence of the radicle.
 

preparing Inoculants
 

Inoculate two 250-ni flasks containing 100 ml of YEM broth with a
 

Rhizobium japonicum strain. Incubate at 26°C on the rotary shaker.
 

Sample after 7 days and test for purity by Gram stain, pH determina

tion, plating on peptone glucose agar plates, and on YEM plates.
 

Determine the viable count by the spread plate method (Exercise ). 

Inject 38.6 ml of culture into a sealed bag containing 41.4 g of
 

sterile neutralized peat. Incubate at 26C for 2 weeks.
 

Inoculate two additional flasks each containing 50 ml YEM broth with
 

R. japonicum after 1 week. Conserve to be used as 
liquid inoculum at end
 

of exponential phase (approximately 7 days).
 

Preparing of Adhesives
 

You will require a 40% solution of gum arabic inwater, a 5% solu

tion methyl ethyl cellulose (Cellofas A) in water, undiluted honey and
 

precipitated calcium carbonate.
 

Coating and Pelletting Seeds
 

Inoculate soybean seeds (100 g/batch) with each of the following
 

inoculant preparations (Table 1 ). Containers, spatulas, glass rods, and
 

other instruments should be sterile. Seeds are 
not surface sterilized
 

for this exercise.
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Treatment 	no. Inoculation technique
 

Seeds wetted with 1.5 ml of a 109 cells/ml suspension of 
rhizobia in YM broth 

2 Seeds wetted with 1.5 ml of a mixture of 3 ml of YM
 
broth mixed with 3 ml of gum arabic
 

3 Seeds coated with 1.5 ml of a slurry formed by mixing
 
1.5 g of peat inoculant with 5 ,nl water 

4 Seeds coated with 1.5 ml of a slurry formed by mixing 
1.5 g of peat inoculant with 5 ml gum arabic
 

5 Seeds coated with 1.5 ml of a slurry formed by mixing
 
1.5 g of peat inoculant with 5 ml of Cellofas A 

6 Seeds coated with 1.5 ml of a slurry formed by mixing 
1.5 g of peat inoculant with 5 ml honey 

7 Seeds wetted with 1.5 ml gum arabic then coated with peat 
inocul um 

8 	 Seeds coated with 2 ml of a slurry formed by mixing 1.5 g
 
peat inoculant and 5 ml gum arabic and then pellet
 

The coati:g material is pipetted into a 2-liter flask, then the
 

seeds are added and agitated until evenly coated.
 

For the pelleting required in Treatment 8, add 6 g of calcium 

carbonate immediately after coating. Shake the flask with a rotating 

action, until a white layer forms around each seed. This procedure
 

should be practiced. Insufficient shaking allows seeds to clump, too
 

much shaking causes pellets to break down.
 

You will also realize that gauging the correct quantity of gum is
 

important and is based more on experience than any specific recipe.
 

Satisfactory pellets will not form if there is too little, or too much
 

gum.
 

Half of each batch of inoculated seeds is to be stored at 4°C and 

the other 	half at 26°C.
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Determining the Number of Viable Rhizobia on Seeds
 

The number of rhizobia on the seeds of each treatment will be
 

determined at 0, 1, 7, 14, 21 and 28 days after coating. Place 20 seeds
 

into a 50-ml flask containing 20 ml of sterile diluert. Shake vigorously 

for 5 minutes to wash the rhizobia off the seeds. One ml of the resultant 

suspension therefore contains the rhizobia from one seed. 

Make a serial dilution for 10"I to 10-4 as described in Exercise 3-E. 

Plate 0.1 ml of each dilution by the spread plate method in 

triplicates on YMA plates containing brilliant green (1.25 wg/ml).
 

Record the results of all counts. Plot the logarithm of cell number
 

against storage time for each treatment. Compare and discuss the
 

relative survival rates of rhizobia inoculated by the different tech

niques.
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E. To Test the Field Response by a Tropical Legume to Inoculation with
 

Rhizobium
 

In this exercise you will initiate a field experiment and you will
 

be confronted with the practical problems of setting up a multiplot
 

field experiment inwhich the "treatments" are strains of living micro

organisms.
 

Preparing the Site
 

Fhe experimental site has already been selected and cultivated for 

this exercise. Mark out the plots in a randomized complete-block design 

of nine treatments replicated three times. Plots should be 3 m x 7.5 m 

(Fig. 1 ). Only one fertility level (optimal) is employed in this 

exercise and this was therefore imposed as a blanket treatment 2 weeks 

in advance on the basis of soil analysis. You will receive details of 

the soil amendments from your instructors. You will, however, have to 

apply nitrogen, as urea, to the designated plus nitrogen plots. Apply 

the equivalent of 30 kg N/ha in furrows some 4-5 cm from, and parallel 

to, the planting furrow. 

Making the Inoculants
 

Matured, peat-based inoculants containing the seven Rhizobium
 

japonicum strains to be used in the exercise are prepared in advance by
 

the methods described in the lectures.
 

Sowina the Trial 

The exoerimental site should be irrigated the evening prior to the
 

day of sowing. Mark plots clearly with their respective treatments to
 

assist in the planting. Make furrows for only a few plots at a time so
 

that open furrows are not subjected to drying out from a prolonged 
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exposure in the sun. 
 You will be sowing seeds inoculated with a slurry of
 

peat inoculant mixed with gum arabic. 
 The method is described in
 

Exercise . The noninoculated treatments 
(i.e., the plus N control
 

and the roninoculated control) 
are sown first and covered over as soon
 

as each row is completed.
 

Next, sow the three replicates of .the treatment having the first
 

strain and then sterilize hands, footwear and all implements before
 

sowing the seeds of the next treatment.
 

Determining the Number of Viable Rhizobia per Seed
 

It will be impossible to make a proper interpretation of the
 

results of the trial 
unless the number of viable rhizobia inoculated
 

onto the seeds is known. Determine the number of viable cells per seed
 

by the method described in Exercise
 

Monitoring the Trial
 

Make frequent observations of plant vigor and foliage color. 
Make
 

further applications of 40 kg N/ha and 30 kg N/ha after 35 and 60 days,
 

respectively, to plus N plots. 
 At about 3-4 weeks, or at a time when 

there are visual differences between plots, harvest the plants designated 

for the early sampling (Fig. I ). Record nodule size, number, color and 

distribution. Detach representative samples of nodules for serotyping. 

Wash roots and determine total plant dry weights. 

An acetylene reduction determination can be performed at this stage 

if desired and will give an indication of the relative nitrogenase
 

activity in the different treatments at the time of the assay.
 

When the plants are mature, they will be harvested from the desig

nated area in the plot (Fig. 
1 ) and the grain yield determined. This
 

will be expressed on a kg/ha basis. (These results will 
be forwarded to
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you.) Compare the grain yield between treatments and comments on the
 

extent to which inoculation responses apparent early in the trial were
 

translated into grain yield. Do the data indicate that soybean needs to
 

be inoculated at that particular site?
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Figure 1. * Plot diagram. The center rows only are harvested. 



-87-


F. 	To Count Rhizobia By a Plant Infection Method
 

In this exercise you will 
perform the only satisfactory method for
 

quantifying the occurrence of a particular strain of Rhizobium in the
 

presence of other organisms and nonseparable particulate matter. The 

most 	common use of this method is in determining the quality (viable
 

count and nitrogen fixation effectiveness) of nonsterile inoculants.
 

.Preparing Inoculants
 

Start 	duplicate 100-ml broth cultures of Rhizobium japonicum
 

in 250-mi flasks. Aerate on a rotary shaker for 7 days.
 

Prepare or obtain one sealed polyethylene bag of neutralized
 

sterile peat and one sealed polyethylene bag of neutralized nonsterile
 

peat.
 

Confirm the purity of the 7-day broth cultures of the R. japonicum 

used 	in the previous exercise by pH measurement on the YEM bromthymol
 

blue medium,' Gram stain (Exercise ). Inject suff.i-ient inoculum into 

each sterile and nonsterile peat to give a final moisture content of 50'. 

Allow to mature at 26C for at least 2 vieeks.
 

Setting Up Plastic Growth Pouches
 

The pouches used in this exercise are of 16 x 18-cm polypropylene 

with paper-wick liners, obtainable from Scientific Products, Evanston, 

IL, USA. Place 20 ml of nutrient solution (&ppendix 5) in each of 36 

growth pouches, arrange on a wire rack in an upright position, and auto

clave at 121C for 20 minutes. As a substitute for these growth pouches, 

autoclavable plastic or glass tubes may be used with N-free agar
 

(nutrient solution, Appendix 5,plus 
1.5" agar) slants as demonstrated.
 

Growth pouches serve well as an inexpensive, space-saving substitute 

for Leonard jars and conventional 
tune 	culture. They are quite susceptible
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to air-borne contamination, however, and are not shielded against
 

radiated heat. Their use is therefore restricted to growth chambers.
 

A disadvantage of pouch culture is that plants cannot be grown to
 

maturity in such a system.
 

Surface sterilize and pregerminate approximately lO0 soybean seeds
 

as explained in Exercise Select 36 seeds that germinated together
 

and transfer one seed to each growth pouch aseptically. Locate each
 

seed in the trough in the paper wick of the growth-pouch.
 

Transfer all of the sterile-peat based inoculant into a sterile
 

2-liter flask. Dilute 1:9 (weight:volune) with sterile water, e.q*.,
 

80 g peat inoculant would be diluted with 720 ml water. Remove the peat
 

through a cut at one corner of the bag as described in Exercise
 

Similarly, make a 10-l dilution of the nonsterile peat inoculant. Shake
 

each flask vigorously for 3 minutes. Make a dilution series from each
 

of the peat samples from 101 to lO . 

Plate the 106, 10 and 10 dilutions of each inoculant in 

triplicate on agar plates by the spread plate method (Exercise ). Use 

YMA plates for sterile-peat based inoculant and YMA plates containing 

brilliant green for the nonsterile peat inoculant. Include one plate of 

YMA containing congo red for each dilution as a check for contaminants. 

Incubate for 7 day; at 26°C. Using the same dilution series, apply 1 ml 

of the 10-5 to 10-9 dilutions of the sterile peat inoculant over the
 

seeds in the plastic growth pouches. Set up three growth pouches per
 

dilution. Similarly inoculate three growth pouches with each dilution
 

of the inoculant made from nonsterile peat.
 

Observe growth pouches periodically, and irrigate aseptically with
 

sterile water.
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Determining of the Most Likely Number (MLN)
 

After 3 weeks of growth, harvest the growth pouches and record the
 

presence (+)or absence (-)of nodules. 
 Refer to the table in Vincent
 

(1970) for e;timation of the number of rhizobia by t;he plant infection 

method. 
 The number of replications is indicated by "n", and "s"
 

signifies the 
 number of samples used (dilution steps). The MLN is given 

for the least dilute member of a dilution series. Dilutions may be made 

in duplicate or quadruplicate. Each series should end with a dilution at
 

which no nodules formed. 

The ,IL,isdetermined by counting the total 
number of + pouches,
 

counting the number of dilution steps used, locating the number of + 
pouches in the "n" column (make sure it is the column for tie replication 

used) and reading off the MLN in the parallel row of the '5"column for 

the number of replications used. 

The estimated number of rhizobia per gram, or per ml 
is given by:
 

X=m xd
vxg 

Where "m" = likely numbe,- at the lowest dilutijn of the series; "d" is 
the dilution of the first pouch; "v" = the volume of the added sample; 

and "g" = the weight of peat from which the aliquot was prepar.d. 

Example: The samples were inoculated with 1.0 ml based on l-g sample. 

A (from _peat) B (from broth)Dilution + Pouches Dilution + Pouches 

106 2 
 106 2
 
107 
 1 
 107 2
 
108 0 
 108 1
 
109 0 9
10 0
 

3 5 

Replications: 
 n = 2. Dilutions: s = 4. 



-90-


The value corresponding to three + pouches (column n2) is 5.8 x 1 
for 4 rep!icates as shown in column s = 4. Since the ieast diluted 

sample is 10- ', .-he total bacterial count is: 

5.8 x 10' 6 -=5.8 , 106 

I 


For five positives, the table shows a value of 5.9 x 101. 
 The total
 

bacterial count therefore is: 
5.9 	 x 105 (]


1 x 10 - _
 

Compare the results of the plate counts and the MLN conts of the 

rhizobia in the sterile peat and nonsterile peat inoculants. 
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EXERCISE 6 - PLANT PROCESSES
 

A. The Extraction and Seoaration of Pigments in a Green Leaf:
 

In this exercise you will 
take some green leaves, extract the
 

pigments, and 
see how they function in photosynthesis. We have to find
 

leaves from which we can easily remove the pigments. Bean leaves or 

leaves of geraniums will provide suitable material.
 

Materials:
 

1. Twelve living green leaves. 

2. Hot plate.
 

3. Two 600-ml beakers. 
4. One 8-oz capped medicine bottle.
 

5. 250-ml graduated cylinder.
 

6. One medicine dropper.
 

7. One lO0-iil fldsk. 
8. Carbon tetrachiloride. 

9. 200 cc of 95', ethyl alcohol.
 

10. Large forceps. 
11. Hot dish holder.
 

Procedure: Turn on the hot plate. While 
 it is warming up, half 

fill one of the 600-ml 
beakers with water and start it heating. Take
 

the other 600-ml beaker and measure 200 cc of 95% ethyl alcohol into it.
 

Some words of warnirng arc 
required in this and other exercises.
 

Ethyl alcohol will be used in sevaral exercises as a solvent for leaf
 

pigments. The alcohol 
must be boiling to do the job properly. Never heat
 

alcohol over a flame of any kind. 
 Use instead an electric hot plate in
 

good working order. Have a CO2 fire extinguisher handy to smother a
 

fire if one should get started. Cover it with a glass plate and put it
 

on to heat. 
 Which liquid starts boiling first? (1) Why did you put a
 

cover on the beaker with the alcohol? (2)
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While you are waiting for the water to boil, 
take about 8 leaves,
 

crumple them up inyour hands, and put them in the boiling water. 
Don't
 

leave them in the hot water too long. A minute or two will be sufficient.
 

Did any pigment come out into the water? (3) What can you conclude about
 

the solubility of the green pigments? (4)
 

With the large forceps or tongs move the wilted leaves from the
 

boiling water into the hot alcohol. Boil 
the leaves for several minutes
 

and at the same time stir them with the tongs. Now what can we say about
 

the solubility of leaf pigments? (5) What color are the leaves after
 

about 5 minutes of boiling? (6)
 

At the end of 5 minutes you should have extracted most of the pig

ments. Allow the alcohol extract to cool a little. Using a holder to
 

pick up the beaker of hot extract, measure 100 cc of extract and put it
 

in the 8-oz medicine bottle. 
 Put the balance of the extract in the
 

flask, stopper Itwith a cotton plug, and store 
it in a refrigerator for 

future use. 

Different substances show different degrees of solubility in the 

same solvent. For example, we wouldn't think of trying to remove a grease
 

stain from out clothes with water; 
we would use carbon tetrachloride
 

instead. Because of differential solubility it is possible to 
separate
 

substances which are mixed together in the same solution.
 

When you look at the pigment extract obtained from the leaves, its
 

color would seem to indicate that it is composed of green chlorophyll.
 

But is it really all chlorophyll? Let's use the principle of differen

tial solubility and find out. 

To the 100 cc of pigment extract in the 8-oz medicine bottle, add
 

30 cc of carbon tetrachloride. Do 
not inhale the carbon tetrachloride
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fumes. They are poisonous. Shake the contents of the bottle and if
 

there is no sign of a separation into two layers, take 2 or 3 medicine
 

droppers full of water and add this to the solution. When you shake the
 

bottle of extrsct, it snould have a cloudy appearance. If it turns
 

clear and there is no sign of a separation, add a little more water.
 

What does the water do in the solution? (7) If the cloudy appearance
 

remains &fter ihaking the solution, put the bottle down. You are ready 

to iiake ;ume 2'0>er'v.iti ons. 

y. on s" This time the cloudiness will disappear rather 

slowly. When the separasion is complete, you will observe two layers in 

the bottle. Descrioe the colors of the layers. (8) What are your conclu

sions about tne number off pigments present in the extract? (9) What 

pigments are more soluble in carbon tetrachloride? (10) Which ones are 

more soluble in alconol? (11) 

B. Chlorophyll and Photosynthesis: 

You may have noticed that some plants have variegated leaves. This 

is a leaf inwhich chlorophyll is lacking in some parts and present in 

others. The silver-leaf geranium and certain kinds of Coleus have varie

gated leaves. Ifwe experiment with the leaves of one of these plants, 

we may be able to determine whether or not the presence of chlorophyll 

in the leaf is really important in photosynthesis. 

Starch is the first visible product of photosynthesis for which we
 

can easily test. Sugars are present but: they are soluble and not easily
 

detected in the leaf. 

Materials:
 

1. Plant with variegated leaves.
 

2. Hot plate.
 

3. Two 600-ml beakers. 



4. 95% ethyl alcohol.
 

5. Tongs.
 

6. Petri dishes.
 

7. Iodine solution.
 

Procedure: Pick a fresh, living, variegated leaf and make an outline
 

drawing showing the distribution of green pigments. You will want this
 

later for comparison.
 

Next, we want to remove the pigment from the leaf using the same
 

procedure described in Exercise 4 where the leaf iswilted in boiling
 

water and the pigments are removed inboiling alcohol. 
 When the leaf is
 

quite well bleached, remove it from the hot alcohol and put it in
a
 

petri dish. Flood the leaf with iodine solution. If starch is present,
 

the leaf tissue will turn brown to purple in color.
 

Observations: Compare the distribution of starch in the leaf with
 

the distribution of chlorophyll. What is the relationship of the two
 

patterns rl)' Keep inmind that starch is an indirect product of photo

synthesis derived from the combining of glucose molecules. Why don't
 

we test for the sugar instead of starch? (2) What can we conclude
 

about the importance of chlorophyll in photosynthesis? (3)
 

C. The Absorption of Light Energy by the Green Pigments:
 

We now know that there are different kinds of chlorophylls in green
 

leaves and these are related in some way to photosynthesis. We have
 

stressed again and again that light energy (ultimately solar energy) is
 

required to carry out all 
the life functions of the photosynthesizing
 

plant. But how does the energy of white light get into the green leaf to
 

be transformed into other kinds of energy to carry on the work of the
 

plant?
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Before we can understand how this is done, we will have to learn
 

a little something about the composition of white light, its reflection
 

and absorption.
 

Observations and Demonstrations:
 

I. A beam of white light is projected through a glass prism onto a
 

screen. 
What does the prism do to the beam of white light? (1) How many
 

colors can you identify? (2) List the colors in the order they occur. (3)
 

One of the easiest ways to get a satisfactory spectrum is to use a
 

2 x 2 slide projector as the light source. The brighter the light, the
 

better the spectrum, of course. Use a lO00-w projector if available;
 

otherwise even a 300-w projector can be used in a darkened r-oom.
 

Materials:
 

1. Projector.
 

2. Prism (600 or 450), as high a quality as possible.
 

3. 	Slide mounts, preferably the metal or plastic kind where the
 

film is held between two pieces of glass.
 

4. Aluminum foil.
 

5. Razor blade.
 

6. Projection screen.
 

Cut a 	piece of aluminum foil about the size of a 35-nm, transparency.
 

With the razor blade cut 2 parallel lines in the center of the foil,
 

about 1.5 to 2 cm long and not more than 1 mm apart. Take out the foil
 

between the lines. Mount the foil 
with its slit in the slide mount, and
 

insert in the projector as you would a regular slide. Focus the image
 

of the slit on the screen. Now you can place the prism in the beam of
 

light to produce the spectrum, but you will need to rotate the projector
 

to bring the spectrum onto the screen. Other materials can be used to
 

make the slit, but aluminum foil is thin enough to have very sharp edges
 

and produces a superior image. 
 You may want to try slits of different
 

widths.
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II. In the second demonstration we will shine a bright light on 2
 

squares of cloth or paper. One square is black; the other is white. A
 

thermometer is placed under each square and one is left unccvered. After
 

a suitable interval of time, say 10 minutes, read the thermometers and
 

record the temperatures. On the assumption that light absorption and
 

heat absorption are related, which of the squares absorbed more light?
 

(4) Which reflected more light? (5) On the basis of what you have seen
 

in this demonstration, which colored garment do you think will absorb more
 

light on a sunny day, a white one or a black one? (6) What part or parts
 

of the spectrum will the white garment reflect? (7) What part or parts
 

of the spectrum will the black garment reflect? (8) What does the un

covered thermometer demonstrate? (9)
 

Materials:
 

1. Two squares of cloth of equal dimensions (appox. 20 cm square)
 

of the same thickness and type; one square white, the other
 

black. White and black art paper may be substituted for cloth.
 

2. Three centigrade thermometers.
 

3. One strong incandescent lamp.
 

4. Scotch tape.
 

Place the 2 squares of cloth side by side on a surface such as the
 

top of a demonstration table. Under each square of cloth place a
 

thermometer, with the tip of the thermometer at the center of the square.
 

The thermometers should also be taped in place to the surface of the
 

demonstration table.
 

Illuminate the cloth squares with as strong an incandescent lamp as
 

possible. The lamp must be placed the same distance from both cloth
 

squares so that each will receive the same amount of illumination. It
 

may be necessary to check this with a light meter, or place the thermo

meters on the table under the lignt and make sure they read the
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same before they are covered with the cloth. After 10 minutes, have the 

students check the thermometers and record the observed temperatures. 

III. In this demonstration we ,-.lll shine lights of various colors, 

separatel', on a wilie -urlace. What color does the white surface seem 

to be in each case. (9) What part or parts of the spectrum does a red 

sweater reflen ((1) part or parts of the spectrum does a greenct? What 

leaf reflect. () 

1. Cellophane of several colors: red, green, blue, etc.
 

2. 1 ide mourn ts. 

Cut pieces of colored cellophane to fit the slide mounts, and mount 

as you Would a transparency. Most cellophane is rather lightly colored, 

so 2 or 3 iayers may be required. Place these "filters" in the projector 

and project on the screen. Place variously colored objects next to the 

screen: red sweat-, qreen leaf, etc. 

IV. in the next demonstration we will shine the various colored 

lights through a prism to the screen. The red light, for example, was 

obtained by letting .,hite light pass through red cellophane. What color 

light does red cellophane transmit? (12) When the red light is broken 

up into its spectrum y the prism, do you see pure red light? (13) Do 

the other colors or' cellophane transmit only one color of light? (14) 

V. Next, the spectrum o to,e light, which has passed through the 

chlorophyll extract from a previous experiment will be allowed to fall on 

the screen. What colors of lig-ht does the chlorophyll extract transmit? 

(15) What colors of light does it absorb? (16) What colors of light 

would a green leaf transmit and what colors would it absorb? (17) 

A demonstration of light absorption and transmission by chlorophylls.
 

This can be demonstrated by holding a test tube of a relatively dilute
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solution of chlorophyll in the light path. A glass container with two
 

parallel sides produces less distortion. If the slit in the foil is
 

really narrow, a test tube will work satisfactorily. Use varying concen

trations of pigment extract until you find the best one.
 

VI. 
 You may have noticed that the chlorophyll extract doesn't always
 

appear to be green. When you look at the extract from the side, in
 

front of a window or a bright light, you will see a deep red instead of
 

a green color. Does this give us an additional clue about the part of
 

the spectrum absorbed by the chlorophyll? (18) Only a small amount of
 

light energy absorbed by the chlorophyll is lost in this way. It gives
 

the chlorophyll the property of fluorescence.
 

D. Light--A Factor in Carbohydrate Synthesis:
 

From previous experiments we learned that green leaves absorb certain
 

wavelengths of light and reflect or transmit others. 
 We also discovered
 

that in the presence of the absorbed light, living green cells with a
 

sufficient supply of carbon dioxide and water synthesize carbohydrates.
 

One of the first visible products of carbohydrate production is starch
 

in the form of small grains. You may have already seen these grains in
 

potato or some other plant part. Starch, as a product of photosynthesis,
 

is easy to demonstrate with an iodine test. 
 Its presence or absence in
 

the green leaf will 
serve as an indication of photosynthetic activity.
 

With this inmind we can go on to an experiment designed to see what
 

effect light has on green plant parts. 

Preparation for this experiment must begin at least 4 days before
 

the exercise is given inclass. 
 It starts with destarching several
 

geranium plants by placing them in a dark room for 3 days. 
 Sometime
 

during this interval 
prepare the light screen of black construction
 



paper. The screen must cover the lower as well as tne upper surface of 

the leaf. Cut a design in the paper. This will be reproduced in the 

leaf when the Student tests -he leaf for starch distribution. A good 

contrasty negative will, work if the lower surface of the leaf i.- backed 

with black parr; ,n That the on!y 1ivm t _- ,hg the leaf must pass 

through the neacaLive which is placed on tne upper sur'face cf the leaf. 

Make enougn light screens so that ea(:n studenz carn have a leaf to test. 

BLACK "APER 
, (LIGHT SCREEN) 

-- PAPER CLIP 

Leaf with light screen attached.
 

Just before removing The plcn-s from the dark-oom, put the light 

Fc-reens in place as shown above. Now bring the plants out into the light 

for at least 12 hours before using the plants in class. 

The method for removal of chloropnll is explained in an earlier
 

exercise.
 

Material s: 

1. Geranium plants *:th light screens.
 

2. Hot plate.
 

3. Two 600-ml beakers. 

4. 95' ethyl alcohcl.
 

5. Tongs.
 

6. Petri dishes. 

7. Iodine so~ution.
 



Procedure: The plants with the light screens attached to their
 

leaves have been prenared ahead of time by your teacher. We have to tell
 

you how they were treated before you will be able to draw any conclusions
 

at che end of the experiment.
 

Your teacher put the geranium plants, minus the light screens, in a
 

dark, light-tight room for 36 hours. What effect will this have on
 

photosynthesis? (1_)What will the plant use as a source of food? (2) At
 

the end of the period in Lhe cark the light screens were put in place
 

and the plants exposed to light for 02 hours. They are ready for your
 

experiment at this stage.
 

Pick two leaves from the plant, one witil and one without a light
 

screen. Remove the light screen, then put both leaves in boiling water
 

followed by boiling in alcohol to remove the chlorophyll. Test both
 

leaves for the presence of starch by flooding them with iodine solution.
 

Observatiens: Compare the two leaves. What indication is there
 

that light is required for the synthesis of food inthe leaf? (3)
 



E. The Root--An Aid to Plant Nutrition: 

If you know thaz pla.:nts winke their own Cood by photosynthes;is and 

don't absorh it. through their roots, you are doing better than Aristotle, 

his students, id 30, of the students in a freshmAn class tested at a 

universi . 

Since rco-o don't absorb food fcr the plant, iviat are their functions? 

Are th out coo related to the nutrition of the plant? How are roots 

desi to nccompl ish their funictions? YOu will need the follo,,iinq 

materials Po find some of the answers. 

Materials: 

1. Dissecting microscope.
 

2. Radish seedlings Qerminatirn in a petri dish.
 

3. Grass seedlings germinating on water.
 

4. Prepared slide of a root cros section. 

5. Root syst-m of a grass ni.. 

6. A bunch of carro,,-os.
 

Absorstion of Water: The absorption of water with minerals dissolved
 

in it is one of the obvious and irportant functions of the root. Without 

water the processes of the planE, including pho:osynthesis, would soon 

stop. Whenever we use the word absorption. a sponge, blotter, or dish 

-. is of smalltowel comeim o mird. Each of these objects cormposed many 

particle,; of seeton, cellulose, fibers, etc., which provide a great 

deal of s(;rface t. the liquid for abso;rption. The more surface, the 

greater Line possibil ity for absorption. We can see right away that the 

fibrous rct. system of a grass is compou' ed of many snll slender roots 

with a ireat deal of surface for absorption. How does this compare with 

a root of a carrot? (I) The carrot seems to have a relatively small 
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amount of surface for absorption. This isbecause you are unable to see
 

some of the smaller branch or secondary roots and root hairs which
 

increase the surface for absorption hundreds of times. Look at some
 

roots that have root hairs.
 

First is a demonstration of radish seedlings your teacher has
 

germinated on an absorbent paper in a petri dish. (CAUTION: Don't remove
 

the covers from the dishes. The drying effect of the air will ruin the
 

demonstration.)
 

.ook at the cottony mass of root hairs under the dissecting micro

scope. Do the root hairs extend all the way to the tip of the radish
 

root? (2) On what part of the root are the root hairs the longest? (3)
 

What would happen to the hairs if the plant had been growing in the soil
 

and we pulled it up? (4) You can see that root hairs are delicate
 

structures but it is difficult to tell whether they are multicellular or
 

unicellular. -


Take some forceps and pick a young grass seedling from the water in
 

the dish where they are growing. Mount the seedling in a drop of water
 

on a clean glass slide. Don't put a cover slip on the specimen at this
 

time. With the low power of your microscope, look for the root tip.
 

Don't confuse the young green shoot with the root tip. When you find it,
 

look along the root until you find some root hairs. Are they multi

cellular or unicellular? (5) What relationship do they have to the
 

epidermis of the young root? (6) To answer this last question, you
 

may have to put a cover slip on the specimen and examine it under high
 

power. Are root hair cells living or dead? (7) How does the function
 

of the root epidermis with its root hairs compare with the function of
 

the epidermis of stem and leaf? (8) What process is involved in the
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FIG. 1. 
Diagram of cross section of buttercup root.
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F. 	Conduction of Materials Through a Plant:
 

As you have observed in previous exercises, stems, leaves, and roots
 

are all equipped to conduct. The conducting tissues .(vascular tissues)
 

are composed of xylem and phloem which form a continuous pathway for
 

movement of water, minerals, and soluble food throughout the plant.
 

In this exercise we want to (1) get the idea of continuity of the 

vascular system in a plant, and (2)the speed of movement of water
 

through a plant part.
 

Materials:
 

1. Two fresh celery plants. 

2. 	Eosin stain or red food coloring. 

3. Sharp razor blade.
 

4. 	One 1-liter beaker.
 

When you buy celery at the market, you get a whole plant minus its 

root system. Look at the base of the celery plant and you can see where 

the stern was cut in harvesting. The parts of the celery we eat, called 

the stalks, are really fleshy petioles of leaves. The leaflike parts 

that we trim off when we prepare the celery for eating are leaflets. 

Procedure: Place a stem of celery in a liter of water. With the
 

base of the-celery stem underwater, use the razor blade to slice a short
 

section from the end of the stem. Why is the cut made underwater? (1)
 

Add enough eosin stain or red food color to the solution to m3ke a dark
 

red color. Observe periodically, over a period of 24 hours, the path of
 

the red solution through the bundles of the petiole and the veins of the
 

leaflets.
 

Determine the effect of different factors upon the rate of movement
 

of water in plant parts.
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1. Trim the tops from each of the four celery leaves so that each
 

petiole is 12 cm in length.
 

2. Place one petiole in colored water heated to 50 C.
 

3. Place one petiole in colored water which is chilled to 5 C with
 

ice cubes.
 

4. Place oie petiole in colored water which remains at room
 

temperature. This will serve as a control.
 

5. Record the time when petioles are placed in H20. Observe the 

four uetioles over a period of 30 minutes and record the time at which 

the red color- appears in The vascular bundles at the tops of the stems. 

What conclusions can you make regarding the effect of temperature on the 

rate of movement of solutions through a stem? (2) 

Pull a bundle from a petiole ana cut it into sections approximately
 

5 mm long. Place one secticn in a drop of water on a clean slide. 

Cover with a second slide and squash the section with enough pressure to 

flatten and spread the tissue. Remove the second slide; cover the tissue 

with another drop of water and with a cover slip. 

Find the xylem cells which show spiral thickenings in the wallsof
 

the cells.
 

Cut a very thin cross section of the celery petiole, place it under
 

the stereoscopic microscope, and observe the location of the red dye.
 

Where did you find the most red dye? (3) What does this indicate about
 

the path of dye conduction in stems and leaves? (4)
 

G. 	Transpiration in Plants:
 

Previous exercises have demonstrated that water is absorbed by roots
 

and moves with some rapidity into the stems and leaves. This supply of 

water carries dissolved minerals from the soil through the plant; it is 
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used in photosynthesis; it keeps living cells supplied with water,
 

maintaining their rigidity--in general, a supply of water is required
 

for all the functions of the plant. But how does the water move through
 

the plant? How does it get to the topmost leaves of a tree 300 feet
 

tall? Is it pushed up? Could it be pulled up? We will agree that a 

tremendous force of some kind is required to move water to such a height. 

The movement of water upward in a plant is related to the loss of 

water from the above ground carts of the plant in the form of water 

vapor. The loss of water vapor is called transpiration. Most of the 

water vapor is lost through the stomata in the leaves; however, some is 

lost through the cutlic ,e ), 1eaves and st'em. Of all the large quantities 

of water absorbed by a plant, only a very small part, often less than 5%, 

is used by the plant in phooostvnthesis and other processes involved in 

nutrition. The rest is lost b transDiration. Does a plant make 

efficient use of, the water it absorbs? (1 

Part I. Water Loss from Leaves 

A good way of detecting the presence of water vapor is by using 

cobalt-chloride paper. In the presence of moisture this blue paper 

turns pink. It is sensitive to relatively small amounts of moisture 

that may be in the atmosphere. Because of this, it is best to keep the
 

paper in a calcium-chloride desiccator.
 

Materials:
 

1. Cobalt-chloride paper.
 

2. Cellophane.
 

3. Paper clips.
 

4. Two geranium plants.
 

Procedure: Cut two 1-in. squares of blue cobalt-chloride paper.
 

Put one square on top of a leaf and the other on the bottom. Fold a strip
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of cellophane over the leaf and papers and fasten cellophane, papers,
 

and leaf together with a clip. If the cobalt-chloride paper is pink,
 

heat it over a flame for a minute or two until it turns blue again.
 

Observations: Look for color changes in the cobalt-chloride paper.
 

What does the pink color indicate is happening to the leaf? (I) Why
 

does the paper on the lower surface of the leaf turn pink first? (2) To 

answer this cu-stion, think back to the structures of a leaf. 

Part 11. Measuring the Volume of Water Lost 

A simple, graphic demonstration can be constructed to show how much 

water a geranium plant. wi lose. 

Materials: 

1. Balance which will weigh to the nearest gram.
 

2. One potted geranium plant.
 

3. One pot filled with soil. 

4. Two plastic bags (big enough to cover the pots). 

5. Graduated cylinder (250 cc). 

Procedure: Water both the potted geranium plant and the pot filled 

with soil; then cover each with a plastic bag. Tie the plastic bag 

snugly around the stern of the potted plant so that no water can evaporate
 

from the pot. Be sure the pot with soil is also tightly sealed in the
 

plastic bag.
 

Observations: Now weigh the pot containing the pldnt and also weigh
 

the other pot containing soil only. Weigh to the nearest gram. Record 

the weights of each one in your notebook. Each day for the next 5 days 

record the weight of each. If the plant needs watering, measure the 

amount of water you add and add a similar amount to the pot of soil. As 

soon as the watering is done, weigh the two pots again and record. Which 

loses the greater amount of water in the 5-day period--the pot with or 
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without the plant? (1) How can you account for the differences in water
 

loss between the two pots? (2) List all of the processes in the plant
 

that account for the differences. (3)
 

Explain how transpiration regulates the movement of water in 
a 

plant. (4) What factors of the environment regulate the rate of trans

piration? (5) When would a plant lose the greater amount of water: on
 

a dry, bright day or a dull, humid day? (6) Be sure you can explain.
 

Part III. Can You Beat the Force Developed by a Plant? 

The demonstration will be set up by your teacher prior to class. 

It consists of two parts: one part to illustrate the force generated by 

the plant in moving a column of a liquid; and the second, an apparatus 

that you can use in trying to ,iuplic,<: the force exerted by the plant. 

This experiment is also a demonstration. Although preparing for
 

the experiment may seem a little complicated, it is worth the effort
 

because it provides a very graphic demonstration of the great force of
 

transpiration pull and the cohesion of water molecules.
 

The following is a detailed account of the materials and methods
 

of assembling of the potometer.
 

Materials:
 

I. Two ring stands with 36" supporting rods.
 

2 Eight utility clamps with extensions.
 

3. Two 36" sections of .25-nn bore capillary tubing.
 

4. Three finger bowls.
 

5. Mercury.
 

6. Two watch glasses.
 

7. Two 125-ml wide-mouthed bottles.
 

8. Two 2-holed #8 rubber stoppers.
 

9. One 6" section of glass tubing.
 

10. One 24" section of rubber tubing (5-mm diameter)
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11. Ten glass mouthpieces. 
12. One pine branch. 
13. 70% ethyl alcohol.
 

14. Two meter sticks.
 

15. Sharp knife.
 

16. One liter of bjiled water.
 

Preparing the Apparatus (see illustration): 1. Both pieces of
 

capillary tubing must be bent 
into a U at one end. 
 While you are bending
 

glass, take the 6" glass tubing and bend it into a U. It should be
 

inserted into one of the holes of the 2-hole rubber stoppers.
 

Before we get the pine branch, set up the rest of the apparatus
 

using the illustration on the following page as your guide. 
 You will
 

have to make adjustments in the clamps 
to get the bottle and cork lined
 

up.
 

2. Boil 
at least a liter of water. Boil it hard. Why?
 

3. Now is the time to get the branch. White pine branches work
 

the best. 
 In any event a branch of some kind of pine is best because
 

they transpire-more rapidly than the branches of broadleaved trees.
 

Preparing the pine branch is one of the most critical steps in preparing
 

the experiment. To collect branches we need sharp pruning shears and a
 

small bucket of water. 
The branches should be! collected no longer than
 

a day before they are to be used.
 

When you cut a branch, keep in mind that the end of the branch must
 

be pushed through and fit very tightly in the hole of the rubber cork.
 

As you cut the branch, plunge the cut end into the bucket. Get three or
 

four branches. 

4. While it is still submerged in the bucket, trim about 1" of bdrk 

from the cut end of the branch. Still under'ater, work the trimmed end 

through the hole in the top of the rubber stopper. Try not to peel the
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bark back but work it down into the hole. The trimmed end of the branch
 

should extend an inch beyond the bottom of the cork. 
 This should be a
 

tight fit: Leave the branch and cork in the water.
 

5. Fill the wide-wouthed bottle and the finger bowl of the potometer 

with boiled 'he-. Fill two ,.atch glasses with mercury submerging one 

in the water contained in the potomet er finger bowl and placing the 

other in the emotv fInnger bowl o f .he model for the students 

6. Quickly lift the pine branch, inserted into the stopper, out of
 

the buckez and fit it into the opening of the wide-mouthed bottle of the
 

potometer. Don't squeeze the stopper in place yet. 
 Now work the end
 

of the capillary tube back into the second hole of the rubber stopper. 

It must fit tightly! Be sure the lower end of the capillary tube is in 

the water of the finger bowl. Now squeeze the rubber stopper tightly 

into the wide-moutheJ bottle. As you squeeze, you will force all of the 

air out ol thi capillary tube. If there are any air bubbles in any part 

of the e ill not work pro erlv. Remember we aretometer w.,, 

denendin] orM ;ehesive force of molecules to raise an uninterrupted 

column of water and mercury. 

If a builie does appear or you wish to start the potometer over 

again, loosen the rubber stopper, fill the bottle once again with boiled 

water, and squeeze the cork back into place. If the mercury stays up 

in the capillary tube you can blow it out before you start the apparatus
 

going. (CAUTION: If students are working with mercury, warn them not
 

to get it on their hands or inhale the fumes.)
 

7. Care must be taken not to let air into the end of the capillary
 

tube when you move it into the submerged dish of mercury.
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8. An electric fan blowing on 
the pine branch will hasten the rate
 

of transpiration. 
 Time the rate of rise of the mercury column both with
 

and without the fan.
 

9. The model of the potometer for the students to 
use is the same 

as the potometer with the plant except there is rio water in the system. 
Any student who wants to <.hould be given a chance to see how high he can 
raise the column of mercury by sucking on the mouthpiece at the end of 
the rubber tub;e. There is no danger from mercury fumes. The air that
 

they inhale cormes from the wi de-mouthed tottle which will trap any
 
mercury thatL b, ;ome chance comes al I the '1V up the 
 tube.
 

Have anout 1k7 glass tubing mothpieces ,ith flamed ends in a dish
 
of 70% alcoh.(ol. time student
Each a tries to raise the column, he
 

should use a fresh mouthpiece.
 

To flame 
 the ends, heat the-m, using a gas flame, until the ends
 

begin to mcit re., io the 
 rough edqes 

10. After .,ii .e- this7 , up the first time, it is easy doto 


later. Lea,,e thelinparatus intact that
so in the future all you will 

have to dc is new(Jet branches.
 

Observat;inn- Look at 
the potometer with the pine branch and see 

how it is cons r.Pcted. You can see that the branch has its cut end
 

in.serted ,hrounh a rubber cork into a bottle- filled with water. The 
water-f l h,-ttle in turn is connected by a long capillary tube (a tube 
with a very small bore or hole through it) to a finger bowl also filled 
with watr. The capilare tube substitutes for what part or parts of 
the plant' (I-)Is there a water column in the capillary tube or is it
 

empty,? (2) Tak .e
a close look because what you observe is important to
 

understand:nQ the factors 
involved in the upward movement of liquids.
 



What part of the plant's natural environment is represented by the water
 

in thu ,ing.r L (i'.(
 

Look ini the finqer howl. Submerged in the water youl can see a 

watch glas1; filled with mercury. Carefully neip your teacher to raise 

the end of she capfllar' tube in the water ard lower it into the sub

of' 10 verv letmne red Ih Js'0 You Mist be careful not to 

the end of the cra.Il1ary tube come above the water level in the finger 

bowl I o . an i±ir bubie will enter the system, interrupting the 

concinui,' <the 1 iquid. This will spoil the experiment. Can you 

explain ;vr.,P ,V4 ], 

Now .,/our t,.cher will let the electric fan blow or, the pine branch. 

What happens -o the mercury column when the fan is on? (1) When it it" 

off? (6) e endBof neriod teacher will"' -,,, e she class your measure, 

with a mete." sticK, the maximum height the mercur.'i ascended in the tube. 

Mercr! 17.b bi.e' 12 la:nea,.' as water. Kn'v,iin. this how high would 

the.... e a rlur dining ci ass period? (7) Was 

the ,ei".: ' uI'n .s:h-bed r up the no pil ar' tube? (8) What 

process ,oing on in th pine branch c.aused the water and mercury to move 

in the capi 11r:V Ltub el' (9;, What do we mean L cohesive force? (10) 

Exolan why the colui-n of wL ter or mercury would not nove without this 

force. ( 1) Wh.at happens o t.he cohesive force of water if an air 

bubbl e gets into fthe zi n rury.c1.I- , i-L~.,; sseti,. o ( I) 

,re waiting 1ao ascend in theWhile you for mercury column to 

p.o... . tb the pie br anc., lets see how "ea.y it is to pull 

-oumn .a me2rcury into i caoilary tube 5f the sanieI e e&_d 

plants fake a ster-i1zed glass mouthpiece and insert-ft fftto,.f C,-N4. 

nf hr!lubo "c!< i4t hard n,jI, on as yu rzn-Record the"m"
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height you could get the mercury column to ascend and multiply this by
 

13.6. How many meters high could you pull a column of water? Compare 

this with the plant. Now, can you explain how water gets to the upper

most leaves of a 300-ft Jree? Does it take a great deal of force? 
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APPENDIX I. AN INFILTRATION IRRIGATION SYSTEM
 

FOR LEGUMINOUS PLANT INFECTIVITY TESTING
 

1. 	Materials
 

1.1 	 Prepared dilutions of suspended samples
 

1.2 	 Disinfected seeds of appropriate host 

1.3 	 Appropriaze rhizobial culture for host (for positive control)
 

1.4 	 Nutrient solution (Ahmed and Evans, 1960; McClure and Israel,
 

1979) (Table 1)
 

1.5 	 Pipettes, forceps, alcohol
 

1.6 	 Plastic/plasticized paper cups (9.8 cm diameter, 450 cm3 volume)
 

1.7 	 Planting medium
 

2. 	Procedures
 

2.1 	 Punch three holes in the bottoms of the cups.
 

2.2 	 Distribute planting medium in cups to within 2 cm of the top.
 

Suspend filled cups in a wooden rack over the glasshouse bench
 

(Fig. 1). Thus, cups are equally spaced and the excess nutrient
 

solution that flows from each cup does not contaminate the
 

others. A bench 125 x 500 cm supports 500 cups. Vermiculite
 

or perlite is convenient as a planting medium as it generally
 

requires no prior sterilization. Other media such as sand may
 

contain viable rhizobia which could conifound test results.
 

Therefore, the planting medium should be tested for presence of
 

rhizobia before adoption into large-scale testing program.
 

Materials with high counts of rhizobia should not be used or
 

should be sterilized prior to use. To sterilize planting
 

medium, place in autoclave on three consecutive days at 1.05
 

kg~cm -2	 pressure and 121°C for a minimum of 3 hours each day. 
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2.3 	Add excess nutrient solution to cups and allow to drain.
 

2.4 	Make four small holes in the planting medium about 1 cm deep 

using a sterile pipette. 

2.5 	Use alcehol-flamed forceps to place one disinfected seed in
 

each hole, add 0.25 ml of the appropriate sample dilution to
 

each seed. Use the pipette to cover the seed with planting
 

medium. Do riot use fingers to cover seeds as this may transfer
 

inoculant from pot to pot. Be careful not to drip the inoculum
 

from pot to pot. Use a fresh, sterile pipette for each sample
 

or dilution.
 

2.6 	Duplicate each dilution with five individual cups, with the
 

last set representin at least one dilution beyond what is
 

expected to be the extinction point (last dilution at which
 

nodules will form).
 

2.7 	Add e'cess nutrient solution to the cups every 2 days to
 

replenish moisture losses. Once a week flush cups with water.
 

2.8 	Score root systems at the end of the 21 days for presence (+)
 

or absence (-) of nodules. Calculate most probable number 

using the appropriate MPN tables (Speidel and Wollum, 1980). 

3. 	Precautions
 

3.1 	 Controls: Several types of control treatments should be
 

included in every run. A minimum of five cups should be
 

maintained for each sample tested.
 

3.1.1 	 Noninoculated N-free plants: If noninoculated plants
 

nodulate, there has been contamination and the trial
 

should be rerun.
 

3.1.2 	 Noninoculated N-.containing control: Seventy ppm N
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Table 1. Nutrient solution used for plant infectivity strain testing.
 

Stock Concentration Stock solution Nutrient solution 

(g/l stock) (amount/liter) 

1. CaSO 4 2HO 1.12 g 
2. Fe EDTA 1.0 ml 

Na2H 2 EDTA 0.0177 M 6.59 
FeCl 3 6H20 0.0177 M 4.8 

3. K2SO, 0.5 M 87.13 2.0 ml 
4. KH2P01 1.0 M 136.09 0.25 ml 
5. K2HPO4 1.0 M 174.18 0.625 ml 
6. Micronutrients 1.0 ml 

MnSO 4 H20 2.7 mM 0.453 

CuSO 4 5H2O 0.157 mM 0.0393 
H-BO3 1.70 mM 0.105 
Naio0. 2H 0 

2 
0.1 2 mM 0.0302 

NaCi 5.60 M 0.329 
CoCI 2 6H20 0.017 mM 0.004 

7. MgSO. - 7H20 1.0 M 246.d1S 2.0 ml 

Con ment The reagents and stock soiutions must be added in the 
order given to at least 75:i of the final volume of distilled water to 
avoid preciOitation of Ca and >ig salts Df HPC,. Stir solution vigorously
 
while addinc stcck solutions.
 

Due to 
the relatively low solubility o- CaSC, • 2HO it is not
 
feasible to make a concentrated stock solution. 
 Dissolve appropriate
 
amount in 75'; of final volume of solution just before adding the other
 
stock solt jons. 

Geigjy sequestrene Fel38 can be used as 
the source of iron. EDDHA
 
(ethylene diamine di-o-hydroxy phenyl acetate) is the chelator in this
 
material. Solubili'_'e Na H EDTA before adding FeCl 
 to stock solution.
 

3
 
Unless highly purified salts are used, do not include CoCl 2 'H2 0
 



-129

-CM/-
/i 

- 7 
500C 

I ,- 125 cmn 

Fig. 1 Schematic 'representationof a wooden rack 
used to support cups for plant infestivity
testing. 

these plants only. iese pdnt will be used for compari

son to evaluate the efficiency of rhizobial strains. 

3.1.3 A standard host x strain pair which does not vary from
 

run to run: If this symbiotic relationship produced 

results significantly different from previous runs, 

control of environmental conditionF should be suspected 

and the trial should be rerun.
 

3.2 Dilutions: Generally the decimal 
or tenfold dilution is adequate
 

to estimate rhizobial numbers in a sample. 
 If additional preci

sion is desired, use either a four- or twofold dilution series.
 

Extend the dilution series to 
a point where no rhizobia are
 

likely to occur. Five replicates from each dilution will
 

provide a satisfactory level or precision without undue expense.
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Two 	samples for sample inoculant test planning follow:
 

1. 	Number difficult to predict 
or unknown. Use tenfold dilutions
 

to 10-10 as Previously described.
 

2. 	Number likely to be in the 103/g to 106/g range, fair precision 

required. Use tenfold dilution to l0-3 and then twofold steps 

-
to 2.1 x 10
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APPENDIX II. ISOLATION PROCEDURES
 

AS USED BY J. HALLIDAY AND R. A. DATE
 

water acidiflad 

and re-imbibe 

r uL c of I nodule squashed 
- final ising-e oAlnRY 

s n u in 1 drop of waterwaer 

a wa r nodtue PRARY 

ISOLATION 

.rCT~~_hlnodule
C..IIajE 0/ U sqahed 
In I drop single 

of water co L> aoln 

lool ation 

- CA(OC1) 2 0 0 

water sterilize ~ watersptigu 
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APPENDIX II1. 
 SERIAL 	DILUTIONS
 

1.0 MI
 

1.0 ml (into 9.0 MI sterile diluent)
 

1
Ml
 

Culture or 
suspension 

1.0 Ml
that is to he diluted
 

1.0 ml
 

1.0 m 

NOTE: 	 Each suspension should be shakenimmediately prior to sampling. 
4 

For '00-fold dilution.s the series

of dilution vessels would contain
 
99 ml of diluent.
 

10 6 

-0 7 _ 

10-8
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APPENDIX IV. SEEDLING AGAR SLANTS
 

CaHPO&, 1.0 g 
K2 HP0 4 0.2 g 

1gS0 2 .7H 2 0 0.2 g 

NaCl 
 0.2 g
 

FeC1
 3 0.1 g 
Wate r 1.0 g 

Agar 

Microclcments* 1.0 ml 
*from stock containing: 0.05% Bo; 0.05% Mn; 0.005% Zn; 0.005% Mo;
 
and 0.002% Cu
 

Autoclave at 121'C for 15 
minutes and dispense equal volumes 
into tubes
(tube size depends 
on plant species). Ar appropriate amount of moltenag:r is dispensed so that after solidifying in inclined tubes, a 5-10 cm
long ; g-r fa(ce is presented for seedling growth. 



APPENDIX V. NUTRIENT SOLUTIONS 

N.-free nutrient solution 

Stock 
Solutions Element Ih Form NW g/1 m 

1 Ca 1000 
 CaC1 2.211 20 147.03 294.1 2.0
 
2 p S00 K,112 PO4 136.09 136.1 1.0 
3 Fe 10 Fe Citrate 355.04 6.7 
 0.02 

Mg 250 'gSO.. 71120 246.5 123.3 0.5
 

K 1500 K2 SO4 174.06 87.0 0.5
 

S o500 

Mn 1 "P-S0 4.H 20 169.02 0.338 
 0.002
 
4 B 2 If3 BO3 61.84 0.247 0.004 

ZN 0.5 ZnSO4 .711 2 0 287.56 0.288 0.001 

Cu 0.2 CuSO4.51120 249.69 0.100 0.0004
 
Co 0.1 CoSo 4 .711 20 281,12 0.056 0.0002 
M~o 0.1 Na2 M1o0 2 .2112 0 241.98 0.048 0.0002 

For each 10 1 of full-strength culture solution, take 5.0 ml each of solutions 1 to 4, and add to 5.0 1 

of water, then dilute to 10 1.
 

For plus N control treatments, VNO
 3 0.05% is added giving an N concentration of 70 ppm.
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APPENDIX VI. STAINS AND REAGENTS 

A. 	Crystal Violet Stain*
 

2 g crystal violet (gentian violet) dissolved in
 

20 ml eth,,! ,.lcohol (95,'), add
 

180 ml dis..'ed water
 

B. 	Methylene-BlueStin
 

0.3 i met vlene blue dissolved in
 

30 ml ethyl alcohol (95"), add
 

100 ml dislilleI vater
 

C. 	Conqo-Red Vital Stain
 

0.1 g Congo red
 

100 ml distilled water
 

Add Conco red to the water and stir thoroughly so that all the dye
 

is dissolved. Filter, if necessary, to 
remove undissolved dye.
 

D. 	Reagents for Gram's Stairing Technique
 

I. Ammon'uin oxalate-crys--al violet stain
 

Solution A:
 

2 g crystal violet (gentian violet) dissolved in
 

20 ml ethyl alcohol (95')
 

Solution B:
 

1.0 g ammonlim oxalate dissolved in
 

100 ml distil led water
 

*This stain can be used in place of ammonium oxalate crystal violet
 
stain for the Gram's stain technique (see "D"') if ammonium oxalate is not
 
available. 
 Results, however, may not always be consistent.
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Mix 	solutions A ana B. It is sometimes found, however, that
 

this 	gives so concentrated a stain that some Gram-negative
 

bacteria do not decIorize Pronerl.,. To 
avoid 	this, solution
 

A may 	 contain half the amount of dye. 

II. 	Gram's iodine
 

1 Q iodine
 

3.5 	g potassium iodide 

300 ml distilled water 

To the iodine and 72o;assium iodide add a few ml 
water. Be sure
 

the iodine is in soluti, n before adding the remaining water.
 

III. 	 Deco! or zni-,! ent 

Ethyli ,3;onUJ <95:<j 

IV. 	Safranin counterstain 

0.5 	 g safranin ":issolvea in 

20 ml ethyl alcohol (95k), add
 

200 ml distilled water
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APPENDIX VII. FORMULAS FOR MEDIA
 

A. 	Beef Bouillon
 

4 beef bouillon cubes
 

1000 ml water
 

Fil ter to clarify
 

B. 	Nutrient Broth
 

5 g peprone
 

3 g beef extract
 

1000 nFl distilled water
 

C. 	Sugar N.utrient Broth
 

10 g specific sugar, glucose (dextrose) or lactose
 

1000 mi nutrient broth
 

D. 	Nutrient Aqar 

5 g peptone
 

3 g beef extract
 

15 g agar
 

1000 	ml distilled water
 

E. 	Sugar Nutrient Agar
 

10 g specific sugar, 
sucrose (cane sugar), glucose, or lactose
 

(milk sugar)
 

1000 ml nutrient agar (liquefied)
 

F. 	Yeast Extract Mannitol Agar
 

0.5 	g K2HPO4
 

0.2 	g ,lgSO4 7H20 

0.1 g NaCl
 

10 g Mannitol
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100 ml yeast water
 

900 ml distilled water
 

Autoclave at 120'C for 15 minutes. The solid medium (yeast
 

mannitol agar) contains 15 g agar/liter. 3 g CaCO 3 per liter can be
 

added when excess neutralizing agent is required. 

G. 	 Potato Dextrose cQar 

200 ml potato infusion 

20 g dextrose 

15 g agar 

1000 ml distilled water 

H. 	Formula for N-Free Agar: Stock Salt Mixture 

10 g KCI 

2.5 	g K2HPO4
 

2.5 	g CaSO 4 2H20
 

2.5 	g MgSO 4 7HO
 

2.5 	g Ca3(P04 )2
 

0.1 	g FeSO 4
 

Mix salts, grind to powder, place 1.5 g in a liter of water. Use
 

8 g of agar per liter for growth of plants.
 

I. 	 Formula for Nitronen-Free Nutrient Solution 

0.8 	g K2HPO 4
 

0.2 	g KH2PO4
 

0.2 	g MgSO, 7H20
 

0.1 	g CaSO4
 

0.01 g Fe2 (S0 4 ) 3
 

1000 ml distilled ;ater
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APPEJDIX VIII, PREPARATION OF MEDIA AND OTHER MATERIALS 

1. For making an agar plate, 15-20 ml c-,gar is required. If 

individual tubEs of agar are to be melted and used for pouring plates 

by each student as in the experiments on "How to Get Pure Cultures" 

) and "Microbial Antaconism" ( ), put that amount in separate test 

tuDes. If the plates can be poured with agar before their use, as in 

the majority of the experiments, the agar may be put into flasks before 

sterilization and several plates subsequently poured. For example, three 

plates can be poured from a 125-mil flask containing 50 m! agar. 

2. Sterilize all media inthe autoclave or pressure cooker at 15 

lb pressure for IS minutes. Directions for using the autoclave or 

pressure cooker should be available from the manufactirer. If instruc

tions are riot available, consult a home demonstration agent or any 

home economics specialist. 

3. Sterflize the petri dishes in a hot air oven at 170 C for 2 hours.
 

4. Wrap pipettes in paper, and sterilize them in the autoclave.
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APPENDIX IX. CLEAN-UP PROCEDURE 

Disinfecting solutions for general laboratory use are:
 

I. 1% 	phenol, or' 2% Lysol, or 2% ciorox 

2. 5%phenol 

Make 	up liter quuantities. Mark the bottles POISON.
 

Laboratory work areas should be cleaned and disinfected with solu

tion (1) at the 0,eginning and the end of the laboratory period. Students 

should wash their hands immediately after using the disinfecting 

solutions.
 

When 	 microbial cultures are accidentally broken or contents 

spilled, pour 5% phenol liberally over them and allow it to stand 10
 

minutes to ill the microbes before cleaning up.
 

To prevent gross contamination oF the laboratory and the prepara

tion room, all materials after use should be sterilized in the pressure 

cooker or autoclaved at 15 lb pressure for 15 minutes before discarding 

or washing. 

All glassware should be thoroughly washed with a good detergent in 

warm water. Rinse well, at least five times, in warm water. Drain and
 

dry, and return to storage place.
 



APPENDIX X. MJDEL SCHEDULE
 

-28 Several 
advance 

exercises and demonstrations will 
of the start of the course These 

Genetic Compatibility study 
Nitrogen-fixation Potential study 
Nodulation and Growth study 
Rhizobium Survival study 
Field Resronse study 

have to be established in 
include: 

-21 Establish second block of the Rhizobium Survival study 
Start the Counting study 

-14 Establish third block of the Rhizobium Survival study 

-7 Establish fourth block of RhizobiLn Survival study 
Choose sites for Field-t ip stops 
Make aoparatus for Transpiration study 

0 Students arrive 
Establish fifth block of Rhizobium Survival study 

Morning Afternoon 

1 Opening ceremony 

Field Trip 

2 Ccmrlete Soil Sanrlina 
work. Beoin Soil Prcoerdies. 

Basic microbiological techniques. 
Start Air-borne microbes. Start 

3 	 Ccnplete Soil Texture and 
Capillary Action. 

4 	 Camlete Aggregation and 
Soil 	Organisms. 


-"
S 	 Watr-Wnlding C na . and 
Ccapaction 

6 	 Soil Clays, pH and Ion 
Exchange. Start Light ex-
perimnt and Root study. 

7 --	 Rest Day 

Authentication study
 

Finish Basic Techniques. Start 
Bacteria. Start Pure Culture. 
Observe "air-borne" and other 
plates. 

Soil 	Sampling. Observe previously 
prepared materials.
 

Ccmplete data cz2.lecticn cn Genetic 
Ccmpathbility 

Complete unfinished Aork. Observe 
Pure 	Cultures.
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Morning Afternoon 

8 Plant Pigments and Photo-
synthesis Beqin water Loss. 

Comlete Nodule 
ExpIain next day's 

Authentication. 
work. 

9 Comlete Enermg' Absorption. Ccrniete N-fixation Potential. 
EFzlain next day's work. 

10 Camplete Liaht 
Root work. 

study and Complete Nodulation and 
Explain next day's work. 

Growth. 

11 Plant Conduction, 
pirarion, and 

Trans-
LotrLss. 

Ccwnmlee Survival exercise. 

12 Ccmlette ail plant ,ork. Ccirmlete Field Response exercise. 

13 Wrap-up discussion. Comlete Rhizobium 
GRAELAT ION! 

counts. 


