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FOREWORD

There is no doubt that in the near future the energing

bi ot echnol ogy based on genetic engi neering and somatic cel
fusion will contribute significantly to sol ving
agricultural problens. Presently, however, so much of the
avai |l abl e technol ogy, i.e., inoculumtechnol ogy, is not
being fully enough utilized in agriculture. It would be
prudent to devote major efforts to their adoption. Serious
obstacl es to adoption of nodern technol ogies, especially in
devel opi ng countries, is the shortage of trained personnel.
It is, therefore, essential for all devel opnent support

projects to include a training conponent.

This book is the cul mination of several years of experience
in training of scientists and technicians from devel opi ng
countries. The six-week Training Course, for which this
book is intended, was devel oped at Nif TAL and, in the early
years, taught there. Subsequently, the course was taken to
the field and offered at host institutions in Africa, Asia
and Latin America. Somasegaran and Hoben have done a
comrendabl e job of drawing fromtheir experience with these
courses. They have conpiled an “All You Ever Wanted To
Know About ..” style book that is not only valuable to
devel opi ng country scientists, but also useful for
techni ci ans and graduate students starting work with the

| egunme/ Rhi zobi um synmbi osi s.
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| NTRODUCTI ON

The synbi osis between the root-nodul e bacteria of the genus
Rhi zobi um and | egunes results in the fixation of

at nospheric nitrogen in root-nodules. This synbiotic
relationship is of special significance to | egunme husbandry
as seed inoculation with effective strains of Rhizobium can
nmeet the nitrogen requirements of the | egume to achieve
increased yields. Obviously, such a phenonmenon is of
wor | d-wi de interest because it inplies |esser dependence on

expensi ve petrol eum based nitrogen fertilizers for |egunes

In all regions of the world where food consunpti on exceeds
producti on or where nitrogenous fertilizer has to be

i nported, |egum nous crops have a special relevance. Self-
sufficiency for nitrogen supply and the high protein and
calorific values of food, forage and feed | egunes nake t hem
increasingly attractive. G eater use of |egunes can have a
significant beneficial inpact in tropical countries where
popul ati on increase and food production are nost out of

bal ance, and where the purchasing power for inported

fertilizers is | east adequate.

The University of Hawaii N fTAL Project was funded by the
United States Agency for International Devel opnent to
pronote greater use of symbiotic nitrogen fixation through

Legune- Rhi zobi um Technol ogy. An essential conmponent in



Ni f TAL’s overall objective was specialized training in
Legune- Rhi zobi um Technol ogy. This strategy woul d provide
the neans of transferring the techniques in Legune-

Rhi zobi um Technol ogy for the inplenmentation of viable
research and devel opnment programs in nitrogen fixation in

tropical countries.

Training was initiated in 1976 when Professor J.M Vincent
prepared the first course outline for Nif TAL. Since then,
t he authors have conducted simlar training courses in
Hawai i, Kenya, Mal aysia, Mexico, Thailand and India. The
val uabl e experiences gained in these intensive six-week
training courses led the authors to identify and devel op
the key research and devel opnment activities essential for

Legune- Rhi zobi um Technol ogy.



PREFACE

It was in 1970 that Professor J.M Vincent published his
excel l ent book entitled “A Manual for Practical Study of
Root - Nodul e Bacteria.” Unfortunately this book is out of

print at the present tine.

The notivation for this book of nethods grew out of the
ever-increasing role of the Legunme-Rhi zobi um synbiosis in
agricultural production in tropical countries where the
benefits of this unique synbiosis can only be realized

t hrough correct practices in Legunme-Rhi zobi um Technol ogy.

This book is designed for the practicing technol ogist to
provi de conpetent technical support to research and
devel opnent activities relevant to Legume-Rhi zobi um
Technol ogy. Teachers and students will also find this
vol une useful in addressing the applied aspects of the
Legune- Rhi zobi um synbi osi s especially when exercises are

supported by well prepared |ectures.

There are four sections to this book and they related the
sequence of activities which should be followed in
Rhi zobi um research. Each exercise is structured to include
all the steps required to acconplish the particul ar
experinment. Certain activities in the exercise require a

know edge or a source of information and this is given in



t he Appendix. At the end of each section are recomended
journal articles and textbooks for nore background on
principles or greater detail on methods. |In putting

t oget her this book, we have indicated to the user by cross-
reference that the various sections support each other.
For exampl e, the serological techniques in Section C are
not meant only for strain identification in nodules but

al so for checking strain contam nation in inocul ant

production and quality control.

It is hoped that this volume will serve as an instrunent of
self-instruction since the skills can be acquired by
careful practice of techniques. Satisfactory conpletion of
t he exercises should inpart to the user a good working
know edge and conpetence in Legume-Rhi zobi um Technol ogy.
The exercises in this volume were tested successfully in
all the Nif TAL training courses and intern training
prograns and we hope that this volume will be useful in

organi zing simlar courses by other institutions.

The authors woul d appreci ate comments and suggestions for

effecting further revisions to inprove this vol une.

Padmanabhan Somasegar an
Hei nz J. Hoben

May 1985
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SECTI ON A

GENERAL M CROBI OLOGY RHI ZOBI UM | NTRODUCTI ON

The bacteria of the genus Rhi zobium (fam |y Rhizobi aceae)
are a genetically diverse and physiol ogically heterogeneous
group of mcroorgani snms that are neverthel ess classified
together by virtue of their ability to nodul ate groups of
pl ants of the fam |y Legum nosae. This classification
scheme is usually referred to as “cross-inocul atin”
grouping. A cross-inoculation group is a group of |egunes

i n which one species of Rhizobium nodul ates all the | egunes

within that group. 1In the old system species of Rhizobium
fall into two groups based on their growmh characteristics.
G oup |

Rhi zobi um | egum nosarum — nodul at es peas (pi sum spp.),
vetch (Vicia spp.), lentils,

(Lens culinaris).

Rhi zobi um phaseol i - nodul at es beans (Phaseol us
Vul garis and the scarl et
runner bean) (Phaseol us

cocci neus).

Rhi zobium trifolii - nodul ates the clovers, e.g.



Rhi zobi um nel il oti

Rhi zobi um | upi ni

Rhi zobi um j aponi cum

Rhi zobi um spp.

Trifolium subterraneum T.
Sem pilosum T. repens, and

Ot her Trifoliumspp

- nodul ates al fal fa (Medi cago
sativa) and ot her Medi cago
spp., Melilotus spp.

fenugreek (Trigonella).

G oup 11

- nodul ates | upins (Lupinus
Spp.) and serradella
(Ornithopus spp.).

- nodul ates soybean (d ycine

max) .

— nodul ates nenbers of the
“cowpea m scel |l any” group of
| equnmes, e.g., Vignha spp.
peanut, Desnodi um spp.
Macroptilium spp., Lablab
sp., Linma bean, Styl osanthes

spp., etc.



In Group | are the fast-growi ng acid producers which
devel op pronounced turbidity in liquid media within 2-3
days and have a nmean doubling time of 2-4 hours. The cells
are rod-shaped to pleonorphic, 0.5 to 0.9 mcrons in
dianeter and 1.2 to 3.0 microns long, and are notile by 2-6
peritrichous flagella. They can grow on a w de range of
car bohydrates, but usually grow best on glucose, mannitol,
or sucrose. Rhizobia of this group are generally infective

on tenperate |egunes.

In group Il are the slowgrow ng, alkali producing

rhi zobia. They require 3-5 days to produce noderate
turbidity in liquid nedia and have a nean doubling tine of
6-7 hours. Most strains in this group grow best with
pentoses as their carbon source. The cells are

predom nantly rod-shaped, and notile by a single polar or
subpol ar flagellum This group nodul ates tropical |egune

speci es.

Rhi zobi a are characteristically Gram negative and do not
form endospores. Uneven Gramstaining is frequently
encountered with rhizobia depending on the age of the
culture. Cells froma young culture and nodul e bact eroi ds
usual ly show even Gram staining while ol der cells and

| onger cells show unstained areas along the cell giving a
banded appearance. These unstained areas have been

identified to be |arge granul es of pol yneric-hydroxybutyric



acid (PHBA). These granules are refractile under phase

contrast nicroscopy.

Though the host-dependent cross-inocul ati on group system of
classifying rhizobia has been subjected to nuch criticism
because it is not a taxonomc one, it is the best practical

system currently available. Classification of rhizobia is
becon ng increasingly conpl ex because of new findings, e.g.
sone soybeans are now known to be nodul ated by a distinct

group of fast-grow ng acid-producing rhizobia. Thus, a new

system has been fornulated to classify rhizobia. This new

system recogni zes three genera for the Rhizobiaceae. In
this new system Genus | and Genus Il include the rhizobia
while Genus |1l is for the agrobacteria. All fast-grow ng

aci d- produci ng rhizobia now fall under the new genus

Rhi zobi um (Genus |) and all slow grow ng al kali-produci ng
rhi zobi a under the new genus Bradyrhizobium (Genus I1).

Al so, under this system R trifolii, R phaseoli, and R
| egum nosarum are conbi ned as one species, designated as
Rhi zobi um | egum nosarum conpri sing three biovars
(trifolii, phaseoli, and viceae). R neliloti remains as
before and R loti has been assigned to the fast-grow ng
Lotus rhizobia. Genetically related to R loti are
rhizobia from Lotus cornicul atus, Lotus tenuis, Cicer
arietinum Leucaena | eucocephal a, Sophora m crophylla etc.
The soybean rhizobia are nowin tw genera, i.e. R

j aponi cum (fast-growi ng and aci d- produci ng) and



Br adyr hi zobi um japoni cum (sl ow-grow ng and al kal i -
producing). Rhizobia from Vigna, Arachis, Desnodi um
Macroptilium Stylosanthes etc. are still unclassified, but
grouped as Bradyrhizobia spp. The non-Ilegunme Parasponia
(called Trema previously) is also nodul ated by
Bradyr hi zobi um sp. Besi des Leucaena, whose rhizobia are
now R. loti, there are other | egunes (Sesbania, Neptunia,
Cal I'i andra, Acacia) which are nodul ated by fast-grow ng
aci d- produci ng rhizobia and the taxonom c status of these

organi sns may be resolved in the future.

As predom nantly aerobi c chenporganotrophs, rhizobia are
relatively easy to culture. They grow well in the presence
of oxygen and utilize relatively sinple carbohydrates and
am no conpounds. Wth the exception of a few strains, they
have not been found to fix nitrogen away fromtheir host

| egume. Sone strains of Rhizobiumrequire vitamns for
growh. Optinmal growth for nobst strains occurs in a

t enperature range of 25-30°C, and at a pH of 6-7. Despite
their usual aerobic netabolism many strains are able to
grow well at oxygen tensions |less than 0.01 atnosphere

(m croaerophilic).

Rhi zobi a are somewhat uni que anong soil m croorgani snms |
their ability to formnitrogen-fixing synbioses with
| egumes. To enjoy the benefits of this partnership,

however, the rhizobia nust not only exhibit saprophytic



conpet ence anong ot her soil m croorgani snms, but also out-
conpete other rhizobia for infection sites on |egunme roots.
Potential for physiological versatility is therefore an
inportant trait contributing to their adaptation to the

conpetitive and conplex soil environnment.



EXERCI SE 1

TO COLLECT NODULES AND | SOLATE RHI ZOBI UM

The purpose of this exercise is to become famliar with
l egunmes in the field, exam ne their nodul es, isolate rhizobia

from nodul es and preserve the isol ates.

The subfam lies in the Legum nosae will be discussed and
identifications will be made with the hel p of a botanical key.
Nodul es will be sectioned and exam ned. Sinple stains of
nodul e smears will be exam ned under the m croscope. Rhizobia
will be isolated from nodul es and grown on presunptive test
media. The isolates will be authenticated on their original

host plants and then preserved on ceram c beads.

Key steps/objectives

1) | dentify legumes in the field, collect nodul ated
speci nens and preserve nodul es

2) Exam ne nodul es and bacteroi ds under the m croscope

3) Surface sterilize nodules and isolate rhizobia on
differential media

4) Perform Gram stain and reisolate on differential nedia

5) Store isolates on agar slants

6) Surface sterilize and pregerm nate seeds for

aut henti cati on



7) Pl ant and i nocul ate seedlings for authentication

8) Exam ne plants periodically for nodul ation

9) Term nate experiment, exanm ne nodul es and reisol ate

10) Prepare broth culture of authenticated isolate for
desi ccati on on beads

11) Prepare bead storage vials

12) Inpregnate sterilized beads with broth culture of
rhi zobi a

13) Regrow rhizobia stored on beads

(a) Recogni zing |l egunes and identifying themin the field

(Key step 1)

Becone familiar with the general taxonom c characters of the
Legum nosae. Study the different flower types of the three
subfam | i es: Caesal pi noi deae, M npsoi deae and Papil i onoi deae

(Appendi x 1).

Note the main simlarities anong all |egunmes in their conpound
| eaves and the seed placentation in pods as shown in Appendi X
1, Figure A4 and A.5. However, in many Acacia species (e.qg.,
Acaci a auricul aeform s, Acacia mangi um Acacia koa) the
conpound | eaves are only formed and seen in seedlings. The
conpound | eaves are replaced by phyll odes as the plants mature
(Figure A.5). Conpound | eaves are also characteristic of

numer ous non-|egum nous fam |ies such as: Bignoni aceae (e.g.,



Jacar anda, Spathodea); Caprifoliaceae (e.g., Sanbucas nexicana
var. bipinnata); Solanaceae (e.d., Lycopersicon, Solanum

t uberosum), Passifloraceae (e.g. Passiflora spp.).

Fam liarize yourself with the basic characteristics of each
subfam |y as outlined in Appendix 1. Learn to identify

|l egunmes in the field and becone fanm liar with the appearance

of the npbst common agricultural |egumes in your area.

It is not essential to identify the | ess common | egunmes. Many
aspects of classification within the Leguni nosae are in

di spute even anongst plant taxonom sts. The course foll owed
by many collectors is to recover a good plant speci nen
(including flowers and fruits), dry and press it, and forward
it to a reliable herbarium (Royal Botanical Garden, Kew,

Ri chnmond, Surrey TW 3 AE, England) for precise identification.

(b) Recovering nodules in the field

(Key Step 1)

| dentify plants of several |egune species in the field and

sel ect one representative of each for sanpling. Wth a spade,
describe a circle with a radius of approximtely 15 cm around
the plant and cut out this section to a depth of at |east 20
cm Still using the spade, slowy |ift out the clunp.
Carefully renove the soil fromthe root material with your

hands. Avoid detaching secondary roots fromthe plant as



nodul es may be found on the lateral roots as well as the tap
root. Carefully place the whole plant into a plastic bag. |If
the | egune has seed, collect the seeds and store themin the

refrigerator for the authentication test.

In the | aboratory, place a sieve of an appropriate size and
mesh under each root sanple to catch nodul es that nmay becone
detached fromthe root. Carefully wash the roots under a

gentle stream of water froma tap or a hose.

The distribution of the nodules on the root systemis

dependent on the | egunme species and rhizobial strain as well
as soil structure and conposition. Exanples of nodul e types
and distribution on some species are illustrated in Appendi x

1.

(c) Preserving nodul es

(Key step 1)

Fresh nodul es may be stored in the refrigerator overnight. Do

not freeze nodules as ice crystals may rupture and kill the

bacteroids. Frozen nodul es nay, however, be used for

serol ogi cal typing.

For long term storage, desiccation in glass vials is

recommended. A preservation vial is shown in Appendix 2,



Figure A. 8.

(d) Exam ni ng nodul es and bacteroi ds

(Key step 2)

Not e the shape and size of the nodules recovered fromthe
coll ected plants. Nodule size and shape vary with the

rhi zobi a and host plant species. Large round nodul es may be
found on cowpea and soybean plants. Leucaena and Acacia are
anong | egumes which do not have round nodul es. See Appendi x

1, Figure A.6 for description of nodul e shape.

Cut thin sections of nodules with a razor blade and float them
on a drop of water on a microscope slide; use a cover gl ass
and exani ne under | ow power (10x) and high power (40x)

obj ecti ves.

An active N-fixing nodule contains a protein called

| eghaenpgl obin. Its presence in the nodul e can be noted by
the characteristic pink, red, or brown coloration. Active
nodul es may al so be black. Black nodul es are not very

common. They have been reported on Labl ab purpureus, Dolichos
bi fl orus, and Vigna ungui cul ata when inoculated with sone

strains of rhizobia.

Senescent nodul es are usually grayish green. Wen nodul es on



the soil surface are exposed to sunlight, they nay develop a
green exterior. This green color is due to chl orophyl]l
devel opnent on the cortical region of the nodule. Most
i neffective rhizobia cause nodules with white interiors that

| ack | eghaenogl obi n.

Gently rub the cut surface of a nodule on a clean mcroscope
slide to make a snmear. Allow the snmear to air dry and then
pass the slide through a flane. Cool the slide and stain the
snmear with dilute carbol fuchsin for 10-20 seconds. Wash in
wat er, blot off excess nmoisture, and air dry. Exam ne under
the oil inmersion objective. Note the difference in

nor phol ogy between the "bacteroids” in this snear and bacteria
of the sanme rhizobial species grown in pure culture. Note the
size and shape of the bacteroids conpared to the rod forns

found in pure culture (Figure 3.1).

(e) Isolating rhizobia froma nodule

(Key step 3)

Wash roots thoroughly to renove soil. Collect about 10
nodul es from each plant. Sever the nodule fromthe root by
cutting the root about 0.5 cm on each side of the nodule.
VWhen nmoving the nodul e, use forceps on the root appendages to

reduce the risk of damagi ng the nodul e.



| merse intact, undanmaged nodul es for 5-10 seconds in 95%

et hanol or isopropanol (to break the surface tension and to
renove air bubbles fromthe tissue); transfer to a 2.5-3%
(v/v) solution of sodium hypochlorite, and soak for 2-4 mn.
Rinse in five changes of sterile water using sterile forceps
for transferring. Forceps nmay be sterilized quickly by dipping
in alcohol and flamng. Utilize sterile glass or plastic
petri dishes as containers for the al cohol, sodium

hypochl orite and water.

Alternatively, nodules may be placed into an Erl enneyer flask
(125 m). The sterilizing and rinsing fluids my be changed

as required, leaving the nodule in the flask each tine.

An acidified mercuric chloride solution (0.1%wyvVv) or a

sol uti on of hydrogen peroxide (3% v/v) may be used for
sterilizing nodules. However, nercuric chloride is highly
toxi ¢ and hydrogen peroxide is expensive, nmaking sodi um
hypochl orite (avail able as commercial bleach) the preferred
choi ce. When hydrogen peroxide is used, the 5-6 rinses with

sterile water nmay be omtted.

Desi ccat ed nodul es nmust be rehydrated before sterili zing.

Pl ace nodules into a small beaker with clean cool water and
| eave in the refrigerator to inmbi be overnight. An one hour
soaking at roomtenperature is sufficient for nodul es which

have been desiccated for only a short tine.



Crush the surface sterilized nodule with a pair of blunt-

ti pped forceps in a large drop of sterile water in a petri
dish. Alternatively, the nodule may be crushed in a sterile
test tube with a sterile glass rod. Streak one | oopful of the
nodul e suspension on a yeast-nmannitol agar (YMA) plate
containing Congo Red (CR). Simlarly treat one | oopful of the
nodul e suspension on a yeast-nmannitol agar (YMA) plate

cont ai ni ng bront hynol blue (BTB) (Appendix 3).

The primary isolate nmay be streaked in one continuous notion

as shown in method 1 of Figure 1.1.

Wl | isolated colonies may be obtained with method 2 which is
nost commonly used with isolations fromprimary plates. It is

perforned as foll ows:

Deposit culture on agar with inocul ation | oop then streak out
to 1. Resterilize |oop, and cool by touching the agar surface
near the side of the Petri dish, then streak from1l to 2.

Repeat the procedure until 4 is reached.
The isolation procedure lends itself well to inprovisation and
many variations exist. Here are sone variations O try them and

conpare your success at isolation by at |east two nethods.

The needl e method of isolation is especially useful with



freshly harvested nodules 2 mmor larger in dianeter. Wash
the nodule first in water, then alcohol, then hold it with
forceps and briefly pass it through a flanme. Place this
surface sterilized nodule on a small piece of sterile filter
paper (2 cmx 2 cnm) in a sterile Petri dish. A new piece of
filter paper should be used for each nodule. The sane Petri

di sh can be used for several nodules. Dip the blunt tipped
forceps into 95% al cohol and flanme nmonentarily. \Wile hol ding

the nodule with the forceps and

METHOD 1 METHOD 2

r\%/ /]

T After incubation

" Single colonies

Figure 1.1 Streaking the plate.

resting the nodule on sterile filter paper, quickly slice off

a small section with a flaned, hot scalpel. Still holding the



nodule with the forceps on the filter paper, insert the tip of
a sterile inoculation needle (with a 1 mmloop) into the cut
surface. Load the loop with inoculum Streak directly onto a

YMA plate containing CR and a YMA pl ate contai ni ng BTB.

VWhen using the needl e nmethod, the nodule can also be held in
the fingers of one hand while inserting the needle with the
ot her hand. Brace the heels of the hands together to steady

t hem

Anot her met hod consists of serially diluting the nodul e
bacterial suspension and then pour-plating it. This is done
as follows: lay out four sterile plastic Petri dishes marked
A, B, C, and DD Wth a sterile Pasteur pipette, place two
separated drops of water into each dish. Crush the sterilized

nodule in a sterile Petri dish or test tube.

Fl ame the transfer |loop and cool it in drop-1 of dish-A, then
transfer the bacteroid suspension fromthe crushed nodule to

drop-2 of dish-A and m x.

Next, flame the |oop, cool it in drop-1 of dish-B, and
transfer one | oopful fromdrop-2 of dish-A to drop-2 of dish-B
and m x. Continue until drop-2 of each dish has been
i nocul ated and m xed with the diluted nodul e suspension of the

previ ous one.



Pour 15-20 ml liquid YMA (48°C) to the inoculumin each dish.
Ensure m xing by gently noving the covered dish first

cl ockwi se and then counter-clockwi se on the table top. All ow
three full circles for each novenment. Continue m xing by
nmovi ng the dish fromthe left to the right and fromthe right
to the left three tines. Then, w thout pausing, nove the
Petri-dish forward and backward and backward and forward, also
three tines. Allow the agar to set before incubating. Invert

the plates during incubation.

Addi ti onal procedures are illustrated in Figure |.2

Water 95% .Ehanal 5 Q1%

LASORA ™y Ackdified
HEmg[;Fw 1)z )=(3)| Hi%%
L Final finse
and re-imbibe
i ‘.'@ —="3%
; u.rrlpi: ﬁmﬂn WBIH Ellﬁr?ﬁ:?wmunmr

HoreL /\/_\/*

METHOD  ~r— o | \
1 nodule
pq.n'nhld
twetor
w

22 g

walar sterikzg water

Inddlon

Figure 1.2. Isolation procedures as used by Date and Hal |l i day

(1979b)



(f) Performng the presunptive test

(Key steps 4 and 5)

The plates prepared fromthe three nmethods descri bed above are
referred to as primary isolation plates. Incubate these at
25-30°C in the dark. (Sonme slowgrowi ng tropical rhizobia

absorb Congo Red when incubated in light.)

After 4-10 days, look for well isolated colonies. Pick off a
single colony typical of rhizobia (Exercise 3) and performa

Gram stain (Exercise 3), then reisolate by streaking on:

a) YMA containing BTB
b) YMA containing CR

c) Peptone glucose agar

Sel ect isolated typical colonies. It is possible that nore

t han one type colony (e.g. small and | arge col oni es; nucoid
and dry, etc.) may appear on a plate streaked froma single
nodul e. Each of these should be streaked on the three nedia
i sted above and consi dered an individual culture. More than
one type of colony in a pure culture of rhizobia my be

i ndicative of variants of the same strain or the occupancy of

two different strains in the sane nodul e.



| f no isolated colonies develop, restreak a little of the

confluent growth again onto each one of the three nedia.

| ncubate and make daily observations for the appearance of

col onies typical of rhizobia. Colonies should showlittle or
no Congo Red absorption when incubated in the dark. There
are, however, exceptions (eg. sonme strains of R neliloti
absorb Congo red strongly). A blue color indicative of an

al kal i ne reaction on BTB should be obtained with sl ow grow ng
Br adyr hi zobi um spp. A yellow color (acid) reaction is usually
produced by the fast-grow ng Rhizobium spp. No growth or poor
growt h shoul d be obtained on peptone glucose agar. Pl ates
shoul d be read for reactions after 3-5 days (fast-growers) and
5-7 (slowgrowers). (Unless one is definitely working with
fast-growers, an incubation of 7-10 days should be routine.)
Check Exercise 3 for details. Check secondary isolates for

col ony norphol ogy typical of rhizobia, then performa G am
stain (Exercise 3) to check for purity of culture. Transfer
three separate colonies to culture tubes to be added to stock
cultures. Stock cultures obtained at this time are considered
presunptive rhizobia. The authenticity of these isolates as
pure cultures of rhizobia is confirmed |ater by the nodul ati on
test (authentication) under bacteriologically controlled
conditions. Select two representative col onies of the
presunptive rhizobia fromthe isolation. Prepare 20-50 n
broth cultures in duplicates fromeach of the two col onies.

| ncubate on a shaker for use in the authentication tests.



(g) Authenticating the isolates as rhizobia

(Key steps 6, 7, 8, and 9)

The inmportance of determning that the isolate is a pure
cul ture which can form nodul es on | egunme roots cannot be over
stressed. It proves the authenticity of a pure culture of

r hi zobi a.

For | arge seeded | egunes |ike beans (Phaseol us vulgaris) and
soybean (dycine nax), Leonard jars and growt h-pouches are
recommended as growth units for authentication. Snaller
seeded | egunes, like clovers (Trifoliumspp.) and Siratro
(Macroptilium atropurpureun), my be grown in growth-tubes.
Recommended hosts and growt h systens to authenticate isol ates
are given in Appendix 9. ldeally, a rhizobial strainis
tested for its ability to produce nodul es on the | egune
species fromwhich it was originally isolated. However, it
may be nore convenient to substitute another |egume fromthe
sane cross-inoculation group particularly when a small -seeded
| egume can be substituted for a | arge-seeded one. Chickpea,
al t hough a | arge seeded | egunme, can be successfully grown in
t ubes by excising the cotyl edons. This process produces

dwar fed chickpea plants. Siratro is used in authenticating
nost bradyrhizobia fromtropical |egumes because it nodul ates

with nore than 90% of all bradyrhizobia. Rhizobia from



specific hosts (e.g.. soybean, Lotononis, chickpea, etc.) are

not authenticated on Siratro.

Set up two suitable growh units for each of the isolates plus
at least two extra units that will serve as uninocul at ed

controls. Consult Appendix 11 for the preparation of Leonard
jars. Gowth pouches are described in Exercise 5 and Appendi x

8.

Surface sterilize and pregerninate seeds as detailed in

Appendi x 10.

| noculate 1 ml of broth culture for each isolate onto each of
t he pregerm nated seeds in two growth units. The extra growth
units are not inoculated and will serve as controls. Plant
and inoculate in a clean area. Take precautions agai nst w nd
drafts and insects which nmay cause cross-contani nati on between

treat nents.

Exam ne plants for differences in vigor and col or between the
i nocul at ed and uni nocul ated at 15-30 days of growth. Renpve
the plants fromthe rooting nmedium and note the presence or
absence of nodules. The presence of nodules in the

non-i nocul ated treatnment invalidates the test. Sparse
nodul ati on or nodul ation restricted to distal parts of the
roots of control plants indicates external contam nation and

points to a need to inprove general hygiene. The



aut hentication test nmust be repeated with adequate

bacteri ol ogi cal control.

If the presunptive tests are satisfactory, the isolates are
regarded as fully authenticated cultures. The cultures of
presunptive isolates are now confirmed as rhizobia and may be
gi ven col |l ecti on nunbers. When added to a culture collection,
ot her relevant information should be added for each strain

e.g. parent host, site of collection, soil pH, etc.

(h) Preserving culture of rhizobia

(Key steps 10, 11, 12, and 13)

There are a nunber of satisfactory nethods for preserving

rhi zobial cultures including yeast mannitol agar (YMA) sl ant
in screw cap tubes, desiccated on porcelain beads, |yophilized
(freeze-dried), and as frozen |iquid suspension under liquid
nitrogen. The choice of nmethod will depend on facilities,
experience, and finances (Table 1.1). The porcel ain bead

met hod is recommended for | aboratories with limted resources.
To prepare for storage on beads, inoculate a |oopful of
culture froma YMA slant into 3 nml of sterile YMbroth and

incubate to maximumturbidity on a rotary shaker.

Pl ace 20-30 cerani c beads (washed and oven dried) in a



screw-cap test tube, cover the nouth of the tube with foil,
and sterilize in the oven for 1-2 h at 160-170°C. Prepare
storage tubes as depicted in Figure 1.4, using 6-7 g silica
gel and sufficient cotton or glass-wool to keep the silica gel
in place. The rubber lined caps for the tubes nust be
aut ocl aved separately in a rubber beaker, then dried in an

oven at 80-90°C.

The gl ass-wool nmay be oven sterilized in the storage tube with
the silica gel. When cotton is used, it should be autocl aved
in small balls in a foil covered beaker. These cotton balls
shoul d be of a suitable size to facilitate easy aseptic
transfer to the storage tube with forceps. Residual npisture
is removed in the oven at 70-80°C before transferring it
aseptically to the sterile storage tubes. The autoclaved caps

are then added to the tubes.

Transfer the sterilized beads aseptically to the broth culture
in the tubes and replug. Soak the beads for 1-2 h, then
invert the tube and allow the excess broth culture to soak

into the cotton plug.

Transfer the beads inpregnated with rhizobia into the storage

t ube aseptically, replace and tighten the screw caps securely.

Exam ne the tubes after a day or so to ensure that the silica

gel is still blue. [If it turns pink or colorless, then too



much noi sture was transferred with the beads or an inproper

seal is permtting entry of npisture.

To regenerate a culture, inoculate YMbroth with one or two
beads. These are easily speared fromthe storage tube using a
sterile needle with a slight hook. A week or nore nay be
needed to obtain visual signs of growth. Once the broth
becomes turbid, |oopfuls should be streaked on presunmptive
test media to check for purity. Subculture fromthe broth

onto YMA sl ants as desired.
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Met hod

Expertise and facilities

Lengt h of useful

required st orage period Advant ages Di sadvant ages Remar ks

Agar sl opes Basi ¢ m crobi ol ogi cal 1-2 years without Sinmplicity, |ow cost Short storage tinme, Least
in screw cap know edge and facilities transfer at 25- mnimum facilities and i ncreased chance of desirab
tubes or agar for pure culture 30° but can be expertise contam nati on and e for
covered with (aut ocl ave, clean | onger, if held variants because of | ong
paraffin oil transfer area, tubes, at 5°C nmore frequent term
(Vincent 1970 nedia, etc.) subcul turing st or age
p. 10)
Porcel ain As above, plus 3-4 years, with Low cost and | onger Not as long term as Good for
beads availability of beads, some rhizobia storage tine and I yophilization and 6-12

sui table airtight significantly therefore nore tinme ri sk of nmont h

containers and dry shorter with before re-beading. contam nati on and st or age*

sterilizing facilities ot hers Facility for number of variants when

for silica gel desiccant sub cultures (i.e., one re-beadi ng. Tine

bead) from original required for
re-beadi ng

Lyophili zed Basi ¢ m crobi ol ogi cal M ni mum 15- 20 Once anpoul ed, ni ni mal Expensive for Preferre
or freeze facilities |yophilizing years experience risk of variants or equi prent and d
dried equi pment (vacuum punp, suggests much contam nation. virtually materials

freezing facility under | onger per manent storage. Can

vacuum) anpoul es, gl ass be at room tenperature

bl owi ng burner, etc.
Liquid N Experti se as above, plus Years, but not Rapi d operation Very expensive; None
st orage cryostat and liquid N much i nformation speci al precautions

source

avai l abl e

during freezing and
t hawi ng

Table 1.1 Methods for preservation of strains of Bhizabium
*Poor survival with sone fast-growi ng rhizobia (e.g. R phaseoli and Leucaena and Sesbani a rhizobia) fused Cad2 can be used as a substitute for silica gel



Requi renment s

(a) Recogni zing |l egunes and identifying themin the field.

A suitabl e botanical key describing the identification of

| egunes.

(b) Recovering nodules in the field.

Refri gerat or
Spade
Si eve
Runni ng wat er

Pl astic bags for plants, smaller bags for seeds

(c) Preserving nodul es

Refri gerat or
Col I ection vial (Appendix 2)
Nodul es from (b)

(d) Exam ni ng nodul es and bacteroi ds

M croscope
Bunsen bur ner
M croscope slides, cover slips, nounting fluid

Razor bl ade, inoculation |oop



(e)

f)

Distilled water
Carbol fuchsin stain (Appendix 3)
Rhi zobi al cul tures

Nodul at ed plants from (b)

| sol ating rhizobia froma nodul e

Refri gerat or

Sci ssors, forceps, inoculation |oop,
Scal pel

Sterile Petri dishes

Sterile test tubes, glass rods

i sol ati on needl e

Erl enneyer flask 125 m (optional), small beaker

Bunsen bur ner
Sterile Pasteur pipettes
Sterile filter paper (cut into small

Runni ng water, sterile water, ethanol

pi eces)

or i sopropano

Sodi um hypochl orite solution, 3% (nay be made from

commerci al bl each)

Pl ates of plain YMA, plates of YMA + Congo Red and YMA +

BTB
Li quid YMA (50°C)
Nodul at ed plants from (b)

Desi ccat ed nodul es

Perform ng the presunptive test



Transfer chanber

| ncubat or

Bunsen bur ner

| nocul ati on | oop

YMA sl ants

Fl asks (125 m) with 50 M YM broth

Pl ates of YMA + BTB, YMA + Congo red, and YMA and peptone
gl ucose agar

Gram stain solutions

(g) Authenticating the isolates as rhizobia

Transfer Chanber

Gr eenhouse, growth-room or shelf

Dryi ng oven

Kj el dahl N determni nation equi pment (optional)

Racks for growth pouches and growth tubes

10 m pipettes (sterile)

Al cohol burners

Sci ssors, paper bags for plant tops

Growt h pouches, growth tubes (Exercise 5, Appendix 8)
Leonard jars (Appendi x 11)

Materials and gl assware for seed sterilization (Appendi x
10)

Broth cultures from (f)

(h) Preserving rhizobial cultures



Transfer chanber

Rot ary shaker

Sterilizing oven, drying oven

Forceps, inoculation |oop, flame, hooked needl e

Test tube racks, screw capped test tubes

Ceram c beads (washed and dri ed)

Silica gel (with indicator), absorbent cotton, alunm num
foil

Beaker (400 m)

Capped tubes with 3 mM YMbroth, culture tubes with YMA
sl ants

Cul tures of rhizobia



EXERCI SE 2

TO OBSERVE THE | NFECTI ON PROCESS

Cl over rhizobia enter their host's roots through the root
hairs. Infection is preceded by a deformation of root hairs
and the formng of an infection thread which can be observed
directly under the m croscope. Root hair deformations may
al so be caused by non-nodul ati ng strains of Rhizobium Non-
nodul ating strains used in this chapter cause no infection

threads to form

Key steps/objectives

) Cul ture strains of Rhizobiumin YM broth

2) Sterilize and germ nate clover seeds

3) Mount seedling on mcroscope slide

4) | ncubate the seedlings in inoculated m neral medi um

5) Cbserve root hair deformation and infection threads

6) Conpare root hair deformations caused by different kinds

of rhizobia strains

(a) Culturing strains of rhizobia in YM broth

(Key step 1)

| nocul ate 50 m flasks or test tubes containing 20 m of YM



broth in duplicate with the strains |isted bel ow

1) Rhi zobi um | egunmi nosarum bv. trifolii (TAL 382) isol ated
from nodul es of Trifolium sen pilosum

2) R 1. bv. trifolii non-infective isolated from nodul es of
Trifoliumsp

3) RI1. bv. trifolii (TAL 1185) isolated from nodul es of
Trifoliumrepens

4) R 1. bv. phaseoli (TAL 182) isolated from nodul es of
Phaseol us vul gari s

5) R. nmeliloti (TAL 380) isolated from nodul es of Medicago
sativa

6) Br adyr hi zobi um sp. (TAL 764) isol ated from nodul es of

Lupi nus angusti folius

Ot her strains of the same species of rhizobia nay be
substi t ut ed.

| ncubate at 25-30°C for 5-7 days on a rotary shaker.

(b) Germ nating seeds

(Key step 2)

Choose a snmall-seeded | eqgune. Clover, especially Trifolium

repens or T. glonmeratum 1is nost suitable for this exercise.

Surface sterilize seeds according to the procedure outlined in

Appendi x 10. Sone clover species may need scarification with



sulfuric acid. Ohers, |ike Nolan's white clover and
strawberry clover (Trifoliumfragiferum germ nate easily

wi t hout scarification. Wash seeds with at | east eight changes
of sterile distilled water. Aseptically place the seeds onto
wat er - agar plates for germ nation. Incubate the plates

inverted for 48 h or nore until roots are 6-8 nm | ong.

(c) Preparing a Fahraeus slide

(Key step 3)

Prepare 10 ml of Fahraeus carbon and nitrogen free medi um
(Appendi x 3) containing 0.6%agar in a 15 m tube. Cool the

liquid agar nediumto 48°C in a water bath.

For each strain of Rhizobium used, prepare two sterile 50 m
boi | i ng-tubes containing 25 nm Fahraeus carbon and nitrogen-
free medium wi t hout agar. Set up two additional tubes for

uni nocul ated control s. Cover with 50 m beakers.

Transfer approximately 0.2 m of agar mediumto a sterile

nm croscope slide using a Pasteur pipette fitted with a rubber
bul b. Leave one-half of the slide empty. This is best done
by lining up the slide and a |ong coverslip side by side in a
sterile Petri dish (Figure 2.1). Place the agar in five or
Six drops onto the bottom half of the slide. Immediately,

transfer a well fornmed seedling to the slide with a sterile



i nocul ation | oop. Place the seedling onto the slide in such a
way that the root tip is imersed in the agar and the
cotyledons are in the enpty half of the slide. Wth sterile
forceps, carefully place the | ong covergl ass over the agar and
the root tips. |If the seed coat adheres to the cotyl edons on
the seedling, carefully renove it with sterile fine tipped

forceps.

Figure 2.1. Petri dish with Figure 2.2. Placenent of

Conponents of Fahraeus slide seedl i ngs on Fahraeus slide

Transfer the slide nounted seedlings to the tubes containing

t he Fahraeus m neral nedi um

(d) Inoculating the seedlings

(Key step 4)

Using the broth cultures which have been set up for this



experinment in (a), inoculate two seedlings with each of the
si x strains of Rhizobium by adding five drops of the cel
suspensions to individual tubes containing the m neral medi um

and t he Fahraeus sli des.

Alternatively, the seedlings may be inocul ated by
incorporating a cell suspension into the Fahraeus agar nedi um
before the seedling is placed onto the slide. This speeds up
the infection process. Add five drops of sterile broth medi um

to the controls.

| ncubate at 25-30°C in a well-lighted environment.

(e) OQbserving the root hairs under the m croscope

(Key step 5)

After 24 h renove Fahraeus slide fromthe nutrient tube and
exam ne it under the m croscope. Renobve the excess sol ution
with absorbent filter paper. Cbserve with phase contrastor
ordinary bright field mcroscope under |ow and hi gh power
magni fi cati ons. Search for root hair deformations and/or
curling and infection threads. Mark the position of your
slide on the mi croscope stage so that the same spot nay be
found in | ater observations of the same root hair infections.
Make observations in intervals of 12-24 h. Periodic

observation may be nade at shorter intervals if inoculation



was done by including the cell suspension into the agar

medi um Return the slide to its tube between observati ons.

Take precautions agai nst undue contani nation when returning
the slide to the mneral nedium Aseptic conditions cannot be
mai nt ai ned beyond the first observation. However,

contam nation usually does not interfere provided the root

hai rs chosen for observations are not |ocated at the edges of

the m croscope slide.

(f) Conparing root hair deformations

(Key step 6)

Phot ograph or draw the root hair deformations or curling
caused by each strain. Distinguish full curling fromslight
curling and root hair branching. Note the effects of

noni nvasi ve strains on the root hairs. Conpare the

def ormati ons caused by the various strains used.

Typi cal root hair deformations, |ike the shepherd' s crook, are

shown in Figure 2.3.



Figure 2.3. Defornmed white clover root hair infected with
R_trifolii 0403. Note the sheperd s crook and the

infection thread. (Photo courtesy of F. Dazzo)



Figure 2.4. Selective proliferation and col oni zati on of
Rhi zobium trifolii on a root hair of its host |egune
clover in a Fahraeus slide system (Photo contributed by
B. B. Bohl ool)

Figure 2.5. Rhizobiumtrifolii inside infection thread in
the root hair of its host clover (Trifoliumrepens).




(Phot o
contri buted by B.B. Bohl ool)

Requi renment s

(a) Culturing R |egum nosarumbv. trifolii strains in YM

broth

Rot ary shaker

Twel ve 50 m flasks (or tubes) containing 20 m culture
broth each

| nocul ati on | oop, flane

Sl ant cultures of clover rhizobia strains TAL 382, TAL

1185, TAL 182, TAL 380, TAL 386, noninfective strain of

cl over rhizobia

(b) Germ nating seeds

| ncubat or

Materials and tools for sterilizing seeds (Appendix 10)
Pl ates of water agar (7.5 g agar per liter distilled
wat er)

Seeds of clover (Trifoliumrepens, T. glonoratum or

ot her)

(c) Preparing a Fahraeus slide



Wat er bath

Sterile mcroscope slides (1 mmx 24 mm x 40 nm
Coverslips (kept in sterile Petri dishes)

Past eur pipettes (sterile); rubber bul bs

| nocul ati on | oop, forceps, flane

Fahraeus C and N free nmedi um

Fahraeus medi um plus 0.6% agar in 15 m tube

Seedl i ngs of clover

Fahraeus medium (25 m) in tubes (39 M x 150 mm wth

covering 50 nmm beakers

(d) Inoculating the seedlings

Growt h chamber (or well |ighted environment) at 25-30°C

Past eur pipettes (sterile); rubber nipples

Tubes with seedlings from (c)

(e) OQbserving the root-hairs under the m croscope

M croscope with phase or bright field condenser

For ceps

Filter paper (sterile and absorbent)

Seedlings in inocul ated Fahraeus solution from (d)

(f) Conparing root hair deformations

M croscope as in (e) with canera attachnent



EXERCI SE 3

TO STUDY CULTURAL PROPERTIES, CELL MORPHOLOG CAL
CHARACTERI STI CS AND SOME NUTRI TI ONAL REQUI REMENTS OF RHI ZOBI A

The aims of this exercise are to learn to distinguish rhizobia
from other mcroorgani sms by cell norphol ogy, staining
reactions, growth responses on various nedia, and to show how

medi a for rhizobia can be nodifi ed.

Key steps/objectives

1) Subcul ture rhizobia and other bacteria

2) Cbserve cell norphol ogy of rhizobia and other bacteria
under phase contrast m croscopy

3) Exam ne rhizobia and other bacteria for cell norphol ogy
using a sinple stain (carbol fuchsin) and the Gram stain

4) Cul ture rhizobia and other bacteria on indicator nedia

5) Cbserve col ony norphol ogy and growt h reaction on the
i ndi cator nedia

6) Prepare agar nmedia with different carbon and nitrogen
sour ces

7) | nocul ate nedia with rhizobia

8) Cbserve growt h reactions on each nmedi um

(a) Prelimnary subculturing of different bacterial cultures



(Key step 1)

Make subcul tures on agar slants fromthe stock cultures of the
foll owing m croorgani sms using YMA slants for the rhizobia,
and nutrient agar slants for the other bacteria: Rhizobium
meliloti; R |egum nosarum bv. phaseoli; Rhizobium sp.
(chickpea); Bradyrhizobium sp. (Lotononis); B. japonicum
Bacillus subtilis; Escherichia coli; Staphylococcus aureus;

and Pseudononas Ssp

Al so needed are:

1) surface sterilized nodules (saved from Exercise 1)
2) a homogenate of non-surface-sterilized nodul es of
sl ow-growi ng and fast-grow ng rhizobia, and
3) a broth culture of rhizobia mxed with other species of

bacteri a.

(b) Conparing cell norphol ogy and Gram stain reactions of

rhi zobia with those of other m croorganisns

(Key steps 2 and 3)

Make wet mounts of the cultures provided and exani ne under the

phase contrast mcroscope. Note the notility, size and shape

of the rhizobia conpared to other bacteri a.



Pl ace a | oopful of sterile distilled water onto a clean, pre-
flamed and cool ed m croscope slide. Flame the | oop and

transfer a small sanple of the bacterial growth fromthe sl ant
culture to the water on the slide. Mx thoroughly and make a

thin smear approximately 1 cnf in diameter.

For broth cultures, transfer a |oopful and make snear directly

on the dry slide. Air dry, heat fix, and allow to cool.

Fl ood the snmear with diluted carbol fuchsin for 60 seconds.

Rinse carefully in a gentle stream of water and bl ot dry.

Locate snmears under | ow power (10x, 25x, or 40x) objective.
Apply a drop of oil to the snmear and observe with the 100x oi

i nmer si on obj ective using bright field illum nation.

The carbol fuchsin stain nakes the bacteria easily visible
(cells appear pink). Note the characteristic rod shape of the
cultured cells of rhizobia and conpare the size and shape of
these to that of bacteroids seen in the nodul e preparation.

Al so conpare rhizobia with the other bacteria and note the
difference in size and form Refer to Figure 3.1 for the

nor phol ogy of the m croorgani sns.

(c) Determning Gam stain reactions of various bacteria

(Key step 3)



1) Make thin snears of the various bacteria provided and
heat fi x.

2) Stain the snmears with solution 1 (crystal violet) for 1
m n.

3) Wash lightly with water and flood with solution II

(i odine).

4) Drain i mediately and flood again with solution Il for 1
m n.

5) Drain solution Il and decolorize with solution Il (95%

al cohol) for 15-30 seconds in the case of a thin snear
and 60 seconds if the snmear is thick.

6) Wash with water and blot dry carefully.

7) Counter stain with solution IV (safranin) for 1 mn.

8) Wash with water and air dry.

Cbserve the preparation under oil i nmersion.

The Gram stain procedure separates bacteria into two groups:

Gram positive and Gram negative organi sns.

Gram positive organisnms retain the crystal violet stain after

treating with iodine and washing with al cohol, and appear dark

violet after staining (e.g., Bacillus subtilis and

St aphyl ococcus aureus).

Gram negative organisnms | ose the violet stain after treating



with iodine and washing with al cohol but retain the red
col oration of the counter-stain, safranin (e.g., Rhizobium

Pseudononas, Escherichia coli).

Figure 3.1. Shapes of bacteria

) coccus

2) St aphyl ococcus

3) Rod (e.g., Escherichia coli)

4) Spirillum

5) Cul tured cells of rhizobia

6) bacteroids of rhizobia (e.g., Lens sp.)

(d) Characterizing growth of rhizobia using a range of nedia

(Key steps 4 and 5)



Rhi zobi a can be described according to their growth in solid
and in liquid nedia. The size, shape, color, and texture of
colonies and the ability to alter the pH of the medium are
generally stable characteristics useful in defining strains or
i solates. Typical colony characteristics, when grown on

st andard yeast-mannitol nedium are described bel ow.

Shape: Usually discrete, round col onies varying fromfl at
(-‘Q) to doned (—Q—) and even coni cal (—L)

shape on agar surface. Colonies usually have a snooth
margi n. When grow ng subsurface in the agar, colonies are

typically | ens-shaped.

Col or and texture: Col onies may be white-opaque or they nay be
m |l ky- to watery-translucent. The opaque colony growth is
usually firmwth little gum whereas the |ess dense col onies
are often gummy and soft. Colonies may be glistening or dull,
evenly opaque or translucent, but many col oni es devel op darker
centers of rib-like markings with age. Red or pink (e.g.,
from Lotononis) and yellow sh (e.g., from Styl osant hes) occur,

but are not common.

Gowth rate: Generally 3-5 days for fast-growers (e.g., from
Leucaena, Psoral ea, Sesbania), 5-7 days for slow growers
(e.g., from Macroptilium Desnpdium Galactia), to 7-12 days

(e.g., some Stylosanthes, Lupinus) to achieve nmaxi mum col ony



size on agar or growh in liquid medium Growh rate varies
according to the tenperature of incubation (optim 25-30°C),
origin (culture or nodule), aeration (in liquid cultures), and

conposition of medium

Si ze: When wel | separated on agar plates, colony size may vary
from1l mmfor many slowgrowing strains (e.g., from

Styl osant hes, Zornia, Aeschynomene, Lupinus) to 4-5 mm for
faster-growing strains (e.g., from Leucaena, Psoralea,
Sesbania). In crowmed plates colonies remain smaller and

di screte but coal esce to confluent growth when col oni es join.

Sel ect two preparations fromthe pure cultures, the nodul e
honogenates or the m xed cultures of rhizobia and ot her
bacteria. Streak out on plates containing each of the

foll owing nmedia: YMA, YMA + bront hynmol blue, YMA + Congo Red,

and peptone glucose agar + broncresol purple.

These indicators and sel ective nedia are used as presunptive
tests for purity of cultures. Their interpretation is as

foll ows:

Rhi zobi a generally do not absorb Congo Red when plates are

i ncubated in the dark. Colonies remain white, opaque or
occasional ly pink. Contam nating organi sns usually absorb the
red dye. However, reactions depend on the concentration of

Congo Red and age of the culture. Rhizobia will absorb the



red dye if plates are exposed to light during the incubation
or exposed to light for an hour or nore after growth has

occurr ed.

Freshly prepared YMA pl ates containing bronthynol blue have a
pH of 6.8 and are green. Slow grow ng rhizobia show an

al kaline reaction in this medium turning the dye bl ue.
Fast-growi ng rhizobia show an acid reaction, turning the

medi um yel | ow

Rhi zobi a grow poorly, if at all, on peptone glucose agar and
cause little change in pH, when incubated at 25-30°C. Heavy

growth is indicative of contani nation.

Rhi zobia will change the pH and appearance of litnmus mlk only
slowly, if at all, and may produce a clear serum zone at the
surface. Common contam nants of Rhizobium cultures netabolize
the nmedium they may turn it brown or they may acidify and
curdle it. R_neliloti produce a pink acidic reaction to
l[itmus m1lk. Curdling, digestion, or reduction (white col or)

of litnmus mlk indicates contam nati on.

(e) OQbserving growth reactions on nodified nmedia

(Key steps 6, 7 and 8)

| f mannitol and yeast extract are not avail able, the basic



growt h nmedi um may be nodified, since rhizobia can utilize

carbon and nitrogen from vari ous sources.

Make up nmedia as shown:

1) Prepare 1500 m of a mineral salts solution containing
the i norganic constituents of YMA (Appendi x 3). Add 28
granms of agar and heat in the autoclave or water bath.

Di spense the nelted m neral salts agar solution in 12 ni
portions into test tubes. Sterilize in the autoclave and
keep nelted in the water bath at 48°C

2) Prepare carbon source stock solutions (10 g/ 100 m ) of
mannitol (M, sucrose (Su), arabinose (A), and gl ycerol
(G. Sterilize by autoclaving, except for A which should
be filter sterilized.

3) Prepare stock solutions of the nitrogen sources (Appendi x
3), yeast-water from baker's yeast (B), yeast extract (Y)
0.5 g/100 m, soybean extract (S), and anmoni um chl ori de

NH,Cl (N) 0.4 g/100 mM. Sterilize by autoclaving.

Pipette into separate, sterile Petri-dishes 1.5 m of (2) and
1.5 mM of (3). Pour one test tube (12 mM) of the nelted
(48°C) mneral salts agar preparation (1) to each plate, so as

to provide the conmbinations in duplicate.

Ni t rogen Source



Carbon Source = 00 @ s----------------- Media---------------
M (manni tol) VB MY MS VN
Su (sucrose) SuB SuyY SuS SuN
A (arabi nose) AB AY AS AN
G (glycerol) GB GY GS GN

M x immedi ately after adding the agar by rotating each dish
gently three times clockw se and countercl ockwi se, and three
times to the right and to the left, as well as forward and

backwar ds.

Al'low the plates to cool overnight for the agar to solidify.

Renove any contam nated pl ates.

After the agar nedia have solidified, streak one of each of
the four provided strains onto one separate plate as you woul d
streak for isolation (Exercise 1) Alternatively, broth
cultures of the strains nmay be surface spread using 0.1 ni

portions on separate plates.

The streaking of two or nmore cultures onto one plate nay be
necessary if there is a shortage of plates. However, this
practice should be avoided if possible because of an aerosol

effect during the process of streaking.

| ncubat e and conpare growth on the various nedia at 3, 7, and

10 days after plating.



Requi renment s

(a) Prelimnary subcul turing

Transfer chanber

| ncubat or

| nocul ati on | oop; flane

M croorgani sms on slants, surface sterilized nodul es,
honogenat e of non-surface sterilized nodules, and a m xed

broth culture as indicated in step (a) of the chapter.

(b) Conparing cell norphol ogy and Gram stain reactions of

rhi zobia with those of other m croorganisns

M croscope

| nocul ati on | oop; flane

M croscope slides

| mersion oil, |ens paper

Runni ng wat er or wash bottle with water
Car bol fuchsin solution (Appendix 3)

Ti ssue paper or paper towels

M croorgani sms from (a)

(c) Determning Gamstain reaction of various bacteria

Al'l requirenments of (b) not including phase contrast

equi prment



(d)

(e)

Gram stain solutions (Appendi x 3)

Characterizing growh of rhizobia using a range of nedia

Transfer chanber

| ncubat or

| nocul ati on | oop, flane

Pl ates of yeast nmannitol agar (YMA)

Pl ates of YMA + bromt hynol bl ue

Pl ates of YMA + Congo Red

Pl at es of peptone gl ucose agar and broncresol purple
Tubes of litrmus mlKk

Consult Appendix 3 for growth nmedia preparation

Cbserving grow h reactions on nodified nmedia

| ncubat or, autoclave, water bath, pH neter, suction punp,
bal ance

Bacteriological filter unit (0.2 mcron pore size)

Vol unetric flasks (8 of 100 m)

Pi pettes (sterile, 5 and 10 m)

Spat ul a, wei ghi ng paper

Large flask or beaker (2-3 liter)

Test -tubes, test tube rack

Petri dishes (sterile)

| nocul ati on | oop, flane

M neral salts: KHPO,, MJSO;x H,O



Distilled water

Agar

Manni t ol , sucrose, arabinose, glycerol

Brewers yeast, yeast extract (Difco), soybean extract,
anmmoni um chl ori de

Rhi zobia from (a)



EXERCI SE 4

TO QUANTI FY THE GROWH OF RHI ZOBI A

This exercise deals with routine enuneration techni ques for
pure cultures of rhizobia. The total or direct count is
perfornmed using the mcroscope. Optical density measurenents
are used to estimate the nunber of cells in broth culture.

The viable count is acconplished through plating methods. The
mean generation times of a Rhizobium sp. and a Bradyrhi zobi um

sp. in broth culture are conputed.

Key steps/objectives

) | nocul ate yeast-mannitol broth with rhizobia

2) Cal i brat e Pasteur pipettes

3) Deternm ne the total count

4) Measure the optical density of the broth-cultures

5) Make a serial dilution and plate by the pour-plate,
spread- pl ate, and drop-pl ate nethods

6) Read and cal cul ate the viable counts obtained by the
t hree net hods

7) Conpare results of the counting methods

8) | nocul ate flasks with diluted culture(s) for the
generation tine experinent

9) Determ ne viable counts periodically

10) Plot growth curve and determ ne the nean generation tine.



(a) Prelimnary culturing of fast- and sl ow grow ng rhizobia

(Key step 1)

| nocul ate two flasks each containing 50 m of YMbroth with
fast-grow ng Rhi zobi um | egum nosarum bv. phaseoli strain TAL
182, and two other flasks with a slow grow ng Bradyrhizobi um
japoni cum strain TAL 379. Other strains of Rhizobium and
Bradyr hi zobi um may be used instead. Incubate the flasks at
25-30°C on a rotary shaker at 20 rpm TAL 182 should be
started 4-5 days in advance of the exercise; TAL 379, 7-9 days
in advance. Take the culture flask of TAL 182 fromthe shaker
after 4-5 days and renmove a 20 ml sub-sanple for procedures

(b) and (c).

(b) Beconming famliar with the Petroff-Hausser and Hel ber

counting chanbers

(Key step 3)

The Petroff-Hausser counting chanber (Figure 4.1) is a
preci si on-machi ned gl ass plate that has a sunken platform at
its center. The depth of this sunken platformis exactly
0.002 cm Two sides of the platform are bordered by a channel.
The surface of the platformis etched with a grid system

whi ch consists of 25 | arge squares, each of which is divided

into 16 small er squares. Because of the precisely nmachined



gap between the grid surface and the overlying gl ass
coverslip, it is possible to relate the nunber of cells
observed in a field to the volume of fluid in which they are
suspended. Knowi ng the volunme above each square, the

concentration of rhizobia (total cells m ') can be cal cul ated.

The data in Table 4.1 apply to the Petroff-Hausser counting
chanmber and also to the Hel ber counter which has a grid system

of an identical design.

Table 4.1. Brief details of the Petroff-Hausser counting
chanmber
Correspondi ng
Area (cnf) Vol ume (m) Fact or
Total grid 1x10°? 2x10°° 5x10*
Large square 4x10* 8x10°’ 1.25x10°
Smal | square 2.5x10° 5x10°8 2x10’

The |arge squares are nost suitable for counting rhizobia
The

countable range is 8-80 cells per |arge square.

(c) Using the Petroff-Hausser and Hel ber counting chanbers.

(Key step 3)

Chanmber and coverslip should be soaked in a mlId liquid



det ergent and thoroughly rinsed with distilled water and then

air dried.
a Sunkan platfiorm 0,002 em deplh
with grid system {exaggerated)
Reinforcement & ’_Ca'.la: slip
L
? == @
b Total grid area: (25 x 16 squares) = 1 x 10%cm

L=
™ |

c Large sguare = 16 small squares
Large square = 4 % 10 o
Small squara = 2.5 x 10% cm?
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Figure 4.1. Petroff-Hausser counting chanber

(a) Cross section

(b) Top view of entire grid



(c) Magnified view of grid

This will assure an even flow of the liquid into the chamber

and prevent the formation of air bubbles.

A fully grown broth-culture contains approxi mately 10° cells
per m. Mke a 1:10 dilution with sterile water to bring the
suspension within a countable range. Fromthis dilution, nake
another dilution series in sterile water of 10, 20, 40, and
80% Choose the dilution which you consider is within the
best counting range. Trial runs with the various dilutions
may be needed to select the best dilution for the count. This
may require washing and drying the counting chanmber several

times, until the best dilution has been determnm ned.

Slide the clean Petroff-Hausser chanmber into its frame and
pl ace the coverslip into position and press it down lightly to
assure a firm seating on the supporting surface of the

chanber.

The frame of the Petroff-Hausser chanber has a small
i ndentation on the inside of one of its long edges. To this
area, deliver a small drop of the diluted culture suspension

using a fine tipped Pasteur pipette.

The Rhi zobi um suspension will quickly spread over the grid.

Excess culture (if a large drop was added) will overflow into



the two channels at the edges of the etched platform |If
t hese channels flood conpletely, the coverslip nmay not rest
flush on the surface of the glass plate. |If this happens,

clean the counting chanmber and start agai n.

Pl ace the chanmber under the 40x objective of a phase-contrast
m croscope. Count cells in individual |arge squares. To
avoi d counting the sanme cells twice, omt bacteria on the
upper and |l eft borderlines of each square. Count at |east ten
fields (eight-80 cells per large square) to obtain

coefficients of variability of 10%

Use the following fornmula to cal cul ate the number of cells:
Bacteria in 1 m of original cell suspension = dilution x

cells per square x factor for square.

If 20 cells (mean of ten squares) were counted in a |arge
square and the original broth culture was diluted by a factor
of ten, and if a 20% suspension of the dilution was counted,
the total number of rhizobia per mM of undiluted broth woul d

be:

20 X 10 X (100/20) X (1.25 X 10° = 1.25 X 10° cells m*

Note that this direct count included dead as well as viable

rhi zobia and also the cells of contam nants, if present. Mbst

direct total counts are of variable reliability in that they



may overestimate the viable-count by a factor of nore than
two, as 50% or nore of the cells counted nay not be viable.
This method is suitable only for counting | og phase broth
cultures in liquid nedia, and not in peat, soil, or other
particul ate materi al s.

d) Estimating cell concentration by optical density

(Key step 4)

The optical density of a bacterial suspension is generally
correlated with the number of cells it contains. Optical
density neasurenments are a sinple and conveni ent estimte of
cell nunbers as they require but little manipul ation, and

aseptic conditions need not be observed.

Dilute 5-10 m of the TAL 182 broth culture to 10, 20, 40, and
80% of its original concentration. Measure the |ight absorbed
by each concentration with a spectrophotonmeter at a wavel ength
of 540 nm Use yeast mannitol broth to calibrate the
instrument at zero. Relate the different concentrations to

t he actual cell count obtained with the Petroff-Hausser
chanmber by plotting the Optical Density (OD) against the total

cell nunber.

This method also has its [imtations. It is best suited for
initially clear media. Dead cells and contanm nants contri bute

to the O.D. of the culture, as well as gum produced by the



rhi zobi a, undi ssolved salt or precipitate in the nmedium

e) Determ ning the number of viable cells in a culture by

pl ati ng met hods

(Key steps 2, 5, 6, and 7)

Make serial dilutions of the TAL 182 broth culture. Based on
the total count, the number of viable cells will be

approxi mately 1.0 x 10° ml"*. A countable range for plate
counts is 30-300 cells m " To achieve this concentration,
set out eight tubes, each containing 9 m of sterile diluent
(1/4 strength YM broth, pH 6.8). One m of the broth culture
is diluted in steps, tenfold each time (10* through 10°%).

Refer to Figure 4.2 for the serial dilution procedures.

Use a fresh pipette for each strain and for each dilution in
the series. Begin with the highest dilution in the series.
Wth the aid of the suction bulb, fill and enpty the pipette
by sucking in and out 5 times with the diluted culture, then
transfer 1 m aseptically to a sterile Petri dish. Open the
Petri dish only sufficiently to allow the pipette to enter and
deliver the sanple. Flane the pipette briefly (but do not
overheat) by passing it through the Bunsen burner flanme each
time prior to successive renmoval of aliquots for replication

(2 per dilution) fromthe sane tube. Simlarly with the same



pi pette renobve 1 m aliquots in duplicated fromthe 10’ and

10°% dilutions into nore Petri dishes.

Pour 15-20 ml YMA (kept nmelted at 50°C in a water-bath)
aseptically onto each of the cell suspensions in the Petri

di shes. To disperse the cells evenly, gently nove each Petri
di sh cl ockwi se and countercl ockwi se all owi ng an equal nunber
of swirls in each direction. To further ensure uniform

di spersion of the cells, nove the Petri dish three tinmes
forward and backward, then to the left and right. Allow the
agar to set, invert the dishes and incubate at 26-28°C. Read
the plates after 3-5 days. You have now conpl eted the pour-

pl at e net hod.

Prepare serial dilutions of TAL 379. Make pour-plates with
dilutions 108 107, and 10° in duplicates. Incubate the
pl ates for 7-9 days, checking daily during the incubation.
Lens shaped col oni es develop in the YMA and normal col onies

devel op on the surface.

Multiply the average nunber of col onies by the
dilution-factor. |f the average number of colonies at 10’
dilution is 50, then the original broth culture had a

concentration of:

(number of colonies) X (dilution factor) X (vol. of inoculum

(50 col oni es) X (107 X (1.0m)



= 50 X 10" cells per M = 5.0 X 10% cells per m

A simlar technique called the spread-plate nmethod is al so

commonly used. Use the sanme serially diluted sanmples of TAL
379 prepared for the pour-plate nmethod above. Begin with the
107 dilution and deliver 0.1 m of the sanple into each of
four plates of YMA previously dried at 37°C for about 2 h.
Usi ng the sane pipette, dispense 0.1 m sanples fromthe 10°°
and 10°° dilutions, in that order. Prepare a glass spreader by

bendi ng a
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Figure 4.2. Procedure for serial dilution

20 cmglass rod of 4 mmdi aneter to the shape of a hockey

stick, dip it in alcohol, and flanme; then cool the spreader by
touching it to the surface of a separate YMA-plate. Lift the
cover of each Petri-dish just enough to introduce the spreader

and place it in position on the agar surface. Spread the



sanpl e evenly over the agar surface, sterilizing and cooling
t he spreader between sanples. |Incubate as before. Calculate
t he number of viable cells as outlined for the pour-plate

nmet hod, adjusting for the smaller volunme that was plated (0.1

m instead of 1.0 m).

Both of the above nmethods are |l engthy and require a |arge
nunber of Petri dishes. A variation known as the M| es and

M sra drop-plate method is nore rapid and consunes | ess

materials. Use agar plates which are at |east 3 days old or
have been dried at 37°C for 2 hours. Radially mark off eight
equal sectors on the outside bottom of the Petri dish. Label
four sectors for replications of one dilution and four for

another, allow ng two dilutions per plate.

For this technique calibrated pipettes are required.

Calibrate at |east 10 pipettes by the follow ng nmethod:

Determ ne the wei ght of 100 drops of water on a sensitive
bal ance or the volume of 100 drops of water in a snal

measuring cylinder.

Cal cul ate the weight or the volume of a single drop by

dividing the total weight or volume by 100.

Pipettes with the same tip diameter (e.g., external dianeter

of 1 mm deliver drops of virtually the same volunme. After



the drop size of a calibrated pipette has been established,
nore pipettes of the sane tip dianeter nay be selected using a
Wi re-gauge. Alternatively, any Pasteur pipette may be cut to
the same tip diameter with a fine file after matching its tip

with a wire gauge.

Use the dilution series of TAL 379 which had been prepared
earlier. Plate dilutions of 107, 10° and 10° Using a
cal i brated Pasteur pipette fitted with a rubber bulb, begin
with the highest dilution and deliver 1 drop to each of the
appropriate four sectors of the plate. Two dilutions can be

shared by one plate.

To do this, hold the pipette vertically, about 2 cm above the
agar surface, exert just enough pressure on the bulb to
deliver one drop. Use the remnining four sectors of the plate
for the next dilution. Allow the drops to dry by absorption

into the agar; then invert and incubate at 26-28° C.

The drop-plate nethod requires nore practice than the other
met hods. Results nmay not match those of the pour-plate and
spread-pl ate nethods at the first attenpts. It is advisable
to practice drop-plating with water before using this nmethod
for the first time. Fewer colonies per drop require nore

drops to be counted to provide the same statistical precision.



Figure 4.3. G owth of colonies of Rhizobiumsp. from drops

pl ated by the drop-plate nethod.

After 3-5 days of incubation, with daily observations, count
the colonies formed by TAL 182. Open the Petri dish, invert
it, and place on the illum nator of a colony counter. Wth a
fine tipped felt pen, mark each colony counted while

si mul taneously operating a tally counter. Record your

counts. The preferred counting range should be 10-30 col oni es

per drop.

If a pipette with a 14 gauge tip is used, one drop will be
0.03 mM. Divide 1 m by 0.03 and nmultiply by the dilution
factor and the average nunber of col onies per drop. Example,
if the average number of colonies per drop is 30 at 10°

dilution, the number of viable cells are:



(1/0.03) X 30 X 10° = 1000 X 10° = 1 X 10% m

Conpare the viable count of TAL 182 with its total count and

cal cul ate the percentage viability in the original culture.

At the end of a 7-10 day incubation period, count the colonies
of TAL 379 on plates prepared by the three nmethods. Calcul ate
t he nunmber of viable cells per m and conpare the results

obtained by the different nmethods. Discuss the advantages and

di sadvant ages of the three plating nethods.

Bear in mnd that plate counts, of whatever variety, are of
value only for counting the viable rhizobia in pure culture.
There is no selective mediumthat permts growth of Rhizobium
al one. Therefore, quantifying Rhizobiumin soil is

difficult. Also, the plating nethods do not distinguish

bet ween strains or species of Rhizobium having simlar visual
col ony characteristics on YMA. \When it is necessary to
guantify the occurrence of viable cells of a particular

Rhi zobi umin non-sterile materials, a plant infection nethod

must be enpl oyed (Exercise 5).

f) Determ ning the nean-generation (doubling) tinme of

rhi zobi a

(Key steps 8, 9, and 10)



The time required for a doubling of a given cell population is

referred to as the generation tine.

The growt h of Rhizobiumin broth culture is followed for a
period of 7 days. Viable counts are made each day throughout
the duration of the experinent. A growth curve is obtained by
plotting the viable count versus tinme. Fromthe curve, the

mean- generation (doubling) tine is conputed.

Two strains of Rhizobium the fast growing TAL 182 (R_
phaseoli) and the slowgrowing TAL 379 (R_ japonicunm are used

in this experinment.

A total of sixteen 250 ml Erl enneyer flasks, each containing
100 m of full strength YM broth will be needed for each

strain.

Prepare 32 flasks for the two strains. Measure accurately 100

m of YMbroth into each flask and sterilize.

Cbtain 1 mM each of the fully grown cultures of TAL 182 and
TAL 379 from broth cultures prepared previously in this
exercise. By the serial dilution procedure, dilute each
culture to give 1 x 10°% cell m™* (It is approxinmated that
when fully grown, each strain will have at least 1 x 10° cells

m Y.



| nocul ate each flask with 1 drop (0.03 m drop?) of the
diluted broth culture. Use a calibrated Pasteur pipette for

t he inoculation. Inoculate 16 flasks with TAL 182 and anot her
16 with TAL 379. Two flasks will be sanpled each day for each
strain. |Incubate flasks on a rotary shaker (100 rpm) at room

tenperature (26-28°C).

Based on the presence of at least 1 x 10° cells m "t in the
diluted broth, and by inoculating 0.03 ml or 3.0 x 10* cells
of this sanple into 100 m of the broth, the starting nunber

of cells at zero-tinme should be 3.0 x 10% cells m %

Performa zero-tinme viable count for both strains. Renpve 1
m and dilute in 9 M of quarter strength YMbroth to give a
10°* dilution and plate this dilution in duplicate by the

spr ead- pl ate net hod.

Perform vi abl e counts for each culture every day for 7 days,

taking care to allow the full 24 hours between counts.

The extent of dilution of a culture, the choice of dilutions
to be plated, and the volune (0.1 m by spread-plate or 0.03
by drop-plate) to be plated will depend on the rate at which
turbidity devel ops during grow h.

Cbtain the mean viable count for each day and transformthe



values to |l ogy. Plot viable count (Y-axis) versus tine
(X-axis). Draw a snmooth curve through the points.

The nmean generation time is conputed using values fromthe
exponenti al phase. Fromthe exponential phase, choose a
straight line portion of the curve and note the val ues for
vi abl e count and tine. Obtain the nunber of generations by
transform ng the value for viable count fromlogi to | 0g:

usi ng the rel ati onshi p:

|l oga X = logp X/l 0Qgp a

when a = 2 and b = 10

then log, X = 10gw x/10g10 2
si nce l 0gio 2 = 0.3010
Ther ef or e, l og2 x = logi x/0.3010

Divide the time (hours) by the nunber of generations to obtain

t he mean generation tinme.

Conpare the nean generation time of TAL 182 with that of TAL
379.



Requi renment s

(a) Prelimnary culturing of fast- and sl ow grow ng rhizobia

Transfer Chanber

Rot ary shaker

Fl asks (four) containing 50 m YM broth each
Pipettes (10 m sterile)

Sl ant cultures of TAL 182 and TAL 379

(b) Beconming famliar with the Petroff-Hausser and Hel ber

counting chanbers

No requirenents

(c) Using the Petroff-Hausser and Hel ber counting chanbers

Phase contrast m croscope

Petr of f - Hausser counti ng chanber and covers
Past eur pipettes, rubber bulb

Pi pettes, 10 m

Wash bottle with distilled water

Smal | beaker with diluted |iquid soap

Test tubes and rack

Tally counter

Broth cultures of TAL 182 and TAL 379



(d)

(e)

(f)

Estimating cell concentration by optical density

Spect rophot onet er, cuvettes
Pi pettes, 10 m
Test tubes, rack

Broth-cultures of TAL 182 and TAL 379 from (b)

Determ ning the number of viable cells in a culture by

pl ati ng met hods

| ncubat or, bal ance, water bath, colony counter, tally
count er

W re gauge (obtainable through Scientific Products, USA)
Dilution tubes with 9 m sterile Yastrength YM broth
Test tube rack

Pipettes 1 nm, sterile

Suction bulb

Liquid YMA in flask

Past eur pipettes

G ass rod or spreader; beaker with al cohol, flane
Smal | beaker with water; small beaker (enpty)

Sterile Petri dishes

YMA- pl at es

Broth-cultures of TAL 182 and TAL 379 from (b)

Determ ning the nean generation (doubling) tinme of

rhi zobi a



Rotary shaker, col ony counter, autoclave

Spreader, small beaker of al cohol, flame

Pipettes (1 m, sterile)

Erl enneyer flasks (32) with 100 ml YM broth each
Dilution tubes with 9 m sterile Yastrength broth each
Pl ates of YMA



EXERCI SE 5

TO COUNT RHI ZOBI A BY A PLANT | NFECTI ON METHOD

The plant infection count (also called the nost-probabl e-
nunmber (MPN) count) is used to determ ne the nunmber of viable
rhi zobia in the presence of other mcroorganisnms. This
indirect method is commonly used to determne the quality of

i nocul ants produced fromnon-sterile carrier materials. |In
this exercise, the quality of inoculants prepared separately
frompresterilized and nonsterilized peat is determ ned by the
pl ate count and MPN count methods. The results are conpared

for agreenent between the two nethods.

Key steps/objectives

1) Prepare peat inocul ants

2) Prepare growth pouches

3) Surface sterilize and pregernm nate seeds

4) Transfer pregerm nated seeds from seedling agar to growth
pouches

5) Prepare serial dilutions of peat sample(s); initiate MPN
and plate counts

6) Make periodi c observations of plants and water if needed

7) Count col oni es on pl ates

8) Harvest and record nodul ati on

9) Deternm ne the MPN



10) Conpare results of plant infection and plate counts

(a) Preparing inocul ants

(Key step 1)

Start in duplicate, 100 m cultures of a strain of

sl ow- growi ng Rhi zobi um e. g., Rhi zobium japonicum (TAL 102) in

250 m flasks. Aerate on a rotary shaker for 7 days.

Test the purity of the fully grown broth culture by Gamstain
(Exercise 3), pH neasurenent and agglutination with its

specific antiserum as described in Exercise 20.

Prepare or obtain two seal ed pol yet hyl ene bags of 50 g
neutralized peat sterilized by ganmma irradiation or
neutralized peat packaged and seal ed in autocl avabl e bags

sterilized by autoclaving (Exercise 21).

Al so needed are two seal ed pol yet hyl ene bags, each of which

contain 50 grans of non-sterile peat.

Fol l owi ng the met hods described in Exercise 21, inject 40 m
per bag of the fully grown broth cultures (1 x 10° cells m™%).
Prepare two bags of TAL 102 in sterile peat and two bags of

TAL 102 in non-sterile peat to produce the peat based

i nocul ants. (Renmenber to inject the bags of sterile peat



first). Allowthe inoculants to mature at 25-30°C for at

| east two weeks.

(b) Setting up the plant dilution count in plastic growth

pouches

(Key step 2)

The pouches used in this exercise are made of pol ypropyl ene
(16 x 18 cm with paper wick |liners obtainable from Scientific
Products, Evanston, Illinois, USA. G owth pouches serve well
as i nexpensive space saving substitutes for Leonard jars.

They are susceptible to contam nation introduced by air and
insects. Also, they are not shiel ded agai nst radi ated heat.
Their use is, therefore, restricted to growth chanbers or
growth rooms. As in growth tubes, plants cannot be grown to

maturity in such a system

Leonard jars and growth tubes are also frequently used for MPN
counts. Leonard jars (Appendix 11) are conveni ent growth
units for large seeded | egunes and are primarily used in the
greenhouse. Growt h tubes are used on growth shelves or in
growt h chanmbers where space is |limted. As in authentication
(Exercise 1), a large-seeded | egune of the sane

cross-inocul ation group nay be substituted by a small-seeded
one for the MPN count. Growth tubes (seedling-agar slants)

may then be used to save space and | abor (Appendix 7).



Place 30 m of plant nutrient solution (Appendix 3, Table A 1)
into each growth pouches. (The growth pouches purchased are
sterile. However, if contam nation is suspected, the pouches
may be sterilized by autoclaving after inclusion of the plant
nutrient solution.) Arrange the pouches in a rack (Figure
5.1). Set up one rack of 60 pouches for each bag of inocul ant
to be tested. Suggestions for building a growth pouch rack

are given in Appendi x 8.

(c) Planting seeds in growth pouches

(Key steps 3 and 4)

Surface sterilize and pregernm nate 100 soybean seeds as
expl ai ned in Appendi x 10. Select seeds of uniform size and
high viability (95-100% . Use nore seeds if the viability

rate is | ower.

Sel ect 60 well germ nated seeds of simlar size and radical
length (1-1.5 cm. Transfer one seed to each pouch

aseptically. Place each seed in the trough of the paperw ck.

To prevent the growi ng radical from pushing the seed out of
t he pouch, a hole is made in the trough of the wi ck and the
radical is inserted into the hole during planting. Holes are
easily nmade in the trough with fine tipped, sterile forceps

when the wick is wet. Two forceps are needed: one for hol ding



the wick the other for making the hole.

Figure 5.1. Soybean plants growing in growh pouches.

When the plants are 5-7 days old, reorganize the growth
pouches on the rack. Discard plants of poor growth and sel ect
50 healthy plants. You wll need forty pouches to count
dilutions for 10* - 10 in quadruplicate plus one control
pouch follow ng each group of four. This brings the nunber of
pouches needed to 50. Repeat this set-up in separate racks

for each inoculant to be tested.

(d) Inoculating for the MPN count

(Key steps 5, 6, 7, and 8)

Make a tenfold dilution of each inocul ant bags by transferring

the content of each bag (100 g) into separate 2.0 liter flasks



containing 900 m of sterile water. Renpve the peat through a
cut at one corner of each bag. Close each flask with a
sterile rubber stopper and shake vigorously for 5 m nutes by
hand. Make a dilution series for each of the 4 sanples from

10! to 10°%°,

Plate the 10°° 10°% and 107 dilutions of each inocul ant.

The drop-plate nethod (Exercise 4) may be used for inoculants
prepared fromsterile peat. Plate in quadruplicate on

YMA- agar cont ai ni ng Congo Red.

| nocul ants prepared from non-sterile carriers should be plated
by the spread-plate method on YM agar containing a fungicide
such as Brilliant Green (1.25 p.p.m) or

Pent achl oroni trobenzene (PCNB) (0.5 g in 100 m acetone plus 1
drop of Tween 80 added to 400 m of nmedium). Plate in
duplicates and, if possible, include an additional YMA plate
contai ni ng Congo Red for each dilution. |Incubate at 25-30°C

for 5-8 days.

Simlarly inoculate the plants which have been set up for the
MPN count. Pipette 1 ml of each dilution (from10* - 10! to
each one of the four replicates in each set. Begin by taking
aliquots fromthe highest dilution and proceed down the series

with the sanme pipette.



Cbserve the plants periodically and replenish the nutrient
solution if necessary. Nodulation nay be evident after 2
weeks. Make the final observation after 3 weeks and record

presence (+) or absence (-) of nodul es.

Count rhizobia on plates (Ex. 4)

(e) Determ ning the MPN

(Key steps 9 and 10)

For each set, wite down the dilutions used and record the

nodul ati on.

The actual nunber of nodul es on each plant and the nunber of

pl ants in each replication have no bearing on the MPN count.

If replications are in quadruplicate, the reading my be 4, 3,
2, 1, or O nodulated units. The highest dilution used shoul d

show no nodul ation in each replication, indicating the absence

of rhizobi a.

Refer to tables, (Appendix 14) indicating tenfold dilutions
(Table A . 10) for the estimation of the number of rhizobia by

the plant infection nethod.

|f twofold or fourfold dilutions are used, refer to Tables A. 8

and A. 9, respectively.



n", and

The nunber of replications is indicated by S
signifies the nunmber of dilution steps.

Dilutions may be nade in duplicate or quadruplicate. Each
series should end with a dilution at which no nodules are

fornmed.

The MPN is calculated fromthe nost |ikely number (m found in
the MPN tables. To find this nunmber, use the procedure shown

in the exanpl e bel ow

) Record nodul ation (+ or -) as shown in Table 5.1

2) Take note of the nunber of replications used (n=4)

3) Count the nunber of dilution steps used (s=10)

4) Add up the total number of (+) units (+=18)

5) Find this number 22 in Table A 10 (calculated for tenfold
di | utions)

6) Locate the nost |ikely number (m in colum s=10, on the

sane line as 18, which is 5.8 x 10°

The MPN nmay now be cal cul ated from"nl' by using the follow ng

formul a:
m= |ikely nunber fromthe MPN table for the | owest
dilution of the series
d = lowest dilution (first unit or any unit in which all

replicates are nodul at ed)

v = volume of aliquot applied to plant



The MPN per gram of inocul ant is:

X =mXd=(5.8 X10% X 102 = 5.8 X 10° rhizobia g inocul ant
% 1

Table 5.1. Exanple for recording nodul ation for the MPN count

NODULATI ON

----------- Replications----------- NUVBER OF

NODULATED

—UNITS

DI LUTI ON 1 L Lt Lv

10°° + + + + 4
10°° + + + + 4
10* + + + + 4
10°° + + + + 4
10°° + - + - 2
10’ - - - - 0
10°° - - - - 0
10°° - - - - 0
Tot al 18

For additional information refer to Appendi x 14, essential to
this exercise for the evaluation and understandi ng of the

pl ant infection count.

Conpare results obtained by the plant infection (MPN) and

pl ate count nethods.



Requi renment s

(a) Preparing inocul ants

Pl at f orm shaker, incubator, waterbath

Aggl utination tubes and rack; test tubes; rack
Pipettes 1 nml; pipettes 10 ni

Saline; flanme; alcohol in spray bottle; adhesive tape
Sterile 50 ml syringe; 18 gauge needl es
Requirements for Gram stain (Appendi x 3)

Sol ution of BTB (0.5% in al cohol)

Erl enneyer flasks (four) of 250 ml containing 100 m
broth

Sterile peat, 50 g polyethyl ene bag™? (two)
Nonsterile peat, 50 g pol yethyl ene bag™? (two)

Cul ture of TAL 102; antiserumto TAL 102

(b) Setting up plastic growth pouches

Growt h chanber; autocl ave

Forceps, flame

Measuring cylinder (50 m) or adjustable filling unit
Growt h pouches 16 x 18 cmwith paper wick liners

(obtai nable from Scientific Products, Evanston, |IL, USA.)



(c)

(d)

(e)

Pl ant nutrient solution (Appendix 3)

Pl anti ng seeds in growth pouches

Requirements for seed sterilization (Appendi x 10)
Wat er agar pl ates

Soybean seeds

| nocul ating for the MPN count

| ncubat or

Pipettes, 10 m sterile; pipettes, 1 nl sterile

Past eur pipettes, calibrated, sterile; rubber bul bs for
Past eur pipettes

Fl ame; spray bottle with al cohol

Erl enneyer flasks of 2 liter capacity (four) containing
900 m sterile water each

Rubber stoppers, sterile, to fit 2 liter flasks
Dilution tubes with 9 m sterile water; racks

Pl ant nutrient solution

YMA cont ai ni ng Congo Red ( YMA-CR)

YMA containing Brilliant G een (YMA-BG

Plants in growth pouches from (b)

Peat inoculant from (a)

Determ ning the nost probabl e nunber in peat



Records of observati ons

MPN t abl es (Appendi x 14)
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SECTI ON B

STRAI' N | DENTI FI CATI ON | NTRODUCTI ON

Rhi zobi a that have dramatic differences in such inportant
traits as host specificity, infectiveness (invasiveness) and
ef fectiveness are indistinguishable fromeach other under the
nm croscope. However, there are many circunmstances in which
recognition of a particular rhizobial strain and nmonitoring
its occurrence followi ng introduction to a soil environnment is
i nportant in ecological studies. |Indirect procedures are

avai l abl e for this purpose.

Ser ol ogi cal nmarkers

Any substance whi ch provokes an i mmune response when

i ntroduced into the tissue of an animal or human is referred
to as an antigen. In work with rhizobia, rabbits are commonly
used for imrunization and the antigens are rhizobial cel
preparations. As a result of antigen injections, conplex

i nmunol ogi cal reactions result in the rabbit produci ng speci al
proteins called gl obular antibodies (imunogl obulins). These
anti bodies are found in the serum portion of the bl ood, and
the study of the reactions of the i mune serumw th the
antigens outside the aninmal is known as serol ogy.

Anti gen-anti body reactions are highly specific in that the

anti body reacts only with the antigen that elicited its



formation.

As in other bacteria, antigens of rhizobia can be categorized
into somatic, flagellar, and capsul ar, depending on their
derivation. Somatic antigens are closely related to the

rhi zobial cell-wall and usually designated by the letter "O
Some somatic antigens nmay be tightly bound to the cell wall,
in which case they are not renoved by washing of the cells;
therefore, these antigens are only detected when whole cells
of rhizobia react with the anti body as in agglutination or

i mmunof | uorescence. The somatic antigens that are sol uble and
easily renmoved by washing are detected by precipitation in
gel, as in the Quchterlony doubl e-diffusion process. Somatic
antigens are also heat stable. They are the npost specific of

the three groups of antigens.

The tiny whip-like appendages (flagella) of the rhizobia are
al so antigenic and appropriately called flagellar or
H-antigens. They are heat |abile and are conmmonly detected by

aggl utination or inmunofl uorescence.

The capsul ar (extracellular) antigens are surface antigens and
are found outside the cell itself. They are usually

desi gnated by the letter "K "

In rhizobial serology, both cultured cells and nodul e anti gens
(bacteroids) are used for strain identification. Basic

concepts on sone serological nethods for identification of



rhi zobi a are descri bed bel ow.

Aggl utination. The process in which the antigens are |inked

t oget her by their corresponding anti bodies is called
agglutination. The |linked antigens nay be m croscopically or
macroscopically visible as clunps, agglutinates or aggregates.
The aggl utination reaction depends on a firm structural

rel ati onshi p between an exposed bacterial antigen and the

anti body. Linus Pauling's lattice hypothesis (Figure B.1l) is
the widely accepted concept for explaining the agglutination
reaction. Pauling postulated that the antibody is bival ent
and the antigen is nultivalent, and that the antigen-anti body
conpl exes are nolded into a lattice or framework of

alternating antigen-anti body particles.

Bivalent-antibody

Multivalent-antigen

Figure B.1. Lattice formation in an antigen-anti body reaction

Precipitin reaction. 1In recent years the precipitation

reactions of somatic anti gens have been used extensively for

work with rhizobia. The precipitation reaction occurs when



certain soluble antigens are brought into contact with the
correspondi ng anti body. Precipitation differs from
agglutination in that the precipitating antigens are not whole
bacterial cells (cellular) but are proteins or polysaccharide
nol ecul es in solution. In the doubl e-diffusion technique,
gels, usually clarified agar, are used as matrices for
conbining diffusion with precipitation. The reactants sinply
di ffuse through the gel towards each other and precipitation
results when the equival ence points have been reached.
Antigen preparation of a rhizobial strain will give rise to
one or nore lines of precipitation in the presence of the
honol ogous anti body. When two antigens are present in a
system they behave independently of one another. The
different types of precipitation reactions are illustrated in

Figure B. 2.

Rhi zobi al strains that share sonme of or all their antigens
will cross-react with respective antisera. These
cross-reactions may be encountered in both agglutinations and

preci pitations.

| mmunof | uorescence. Certain chem cal dyes (fluorescein

i sot hi ocynate and |issam ne rhodanm ne) have the property of
fluoresci ng when excited by near ultraviolet light. Rhizobial

anti bodi es developed in rabbits can be conjugated to these



fluorescing chem cal dyes or fluorochromes. In work with

rhi zobia, the chenical dye commonly used for |abeling the
specific antibody is fluorescein isothiocyanate (FITC) which
has an appl e-green fluorescence upon irradiation with blue
light. In practice, a snear of rhizobial cells (cultured, or
froma nodule) is made on a mcroscope slide, and this snear
is allowed to react or "stain" with the specific antibody

| abeled with FITC. After appropriate washing to renove
unconbi ned and excess | abel ed anti body, the snear nay be

vi ewed through a UV-m croscope fitted with appropriately
conplenmentary filters, and an appl e-green fluorescence of the
bacterial (rhizobial) cells would nean that the antigen snear

has reacted with the FITC-1abel ed anti body.

There are two types of fluorescent antibody techni ques, nanely
the direct- and indirect-immunofluorescence. |In the direct
nmet hod the specific antiserumis conjugated and is used as a
"stain" in the procedure. This is different fromthe indirect
nmet hod where the unconjugated (unl abel ed) specific or primry
antibody is first reacted with the antigen snmear, and after
sufficient tine is allowed for antigen-antibody reaction, the
snear is then washed free of excess antiserum This step is
foll owed by "staining" with the FITC-|abel ed secondary

anti body.

I n serological work with rhizobia, the specific or primary

anti body agai nst the rhizobial strain is npost often devel oped



in rabbits. The secondary antibody is devel oped by

i mmuni zation of goats or sheep with purified rabbit

i mmunogl obulins froma previously uni muni zed rabbit. Thus,
t he rabbit immunogl obulin serves as an antigen for

i nmuni zation of the goat or sheep. Therefore, the anti body
produced in the goat or sheep will not only react with the

rabbit anti serum but also with rhizobial



a) Reaction of Identity

b) Reaction of Partial Idantity

c) Reaction of MNon-identity

Figure B.2. Precipitation reactions

antigen with specific unlabeled rabbit antibody attached when



the indirect procedure is enployed. Though the results are
the same, the indirect nmethod is considered nore sensitive.
The indirect method requires the | abeling of only the i mmune
serum fromthe goat or sheep, and involves two reaction steps;
but the indirect nethod is also known to give nore nonspecific
staining reactions. In the direct nethod, each rabbit

anti serum devel oped agai nst each rhizobial strain nust be
conjugated. The two nmethods are illustrated diagrammatically

in Figures B.3 and B. 4.

Anti biotic resistance markers

VWhen high density inocula of a rhizobial strain are inocul ated
into media containing an antibiotic, a few cells may exhibit
resi stance as a result of spontaneous genetic changes or

nmut ati ons. The resistance of a rhizobial strain to a
particular antibiotic is a useful marker. |f the nutant
strain is used to inoculate a | egune then nodul es occupi ed by
that strain may be identified by plating nodule isolates on
medi a containing the respective antibiotic. The mnutant

rhi zobial strain will grow on the antibiotic nedia and ot her
bacteria will be suppressed. It is inportant that

anti biotic-resistant nutants that are selected for inoculation
experiments have not lost their infectiveness (ability to form
nodul es) nor their effectiveness (ability to fix nitrogen) in
the synmbiosis with the host plant. The synbiotic capacity of

t he nmutant should be conpared with its parent culture from



time to time. The nmutant should be stable throughout the
steps of infection, nodul ation, nitrogen-fixation and

subsequent re-isolation

Streptomycin resistance is frequently used as a marker for
rhi zobia. Miutants resistant to this am noglycoside are
stabl e, have a |l ow incidence of cross-resistance, and
infrequently |l ose their synbiotic capacity. Besides
streptonmycin, spectinomycin and rifanpicin have al so been
used. Highly resistant nutants with single or double markers
(streptonyci n-spectinomycin or streptomycin-rifanpicin) can be
obtained with one exposure of the rhizobia to | ow
concentrations of these antibiotics or by successive selection
for resistance.
/_El_ —t .D.‘:\I— Somatic antigen
\\h J =— Rhizobial cell

I 5 1= Glass slide

i
& &
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@’ @ E, Ultraviolet light

M [, iy
s LA e Flucrescing antibodies
- " i

Bl

Figure B.3. Direct inmmunofl uorescence



Cross-resistance is a phenonenon whereby a bacterium devel ops
resi stance to a second antibiotic as a result of resistance to
the first. This may happen if the antibiotics are closely

r el at ed.

The parallel use of antibiotic and serol ogical markers, both
relatively stable in thensel ves, provides a neans of
confirmng the stability of each marker independently in

ecol ogi cal research with rhizobia. Conpared to the
serol ogi cal marker techniques (fluorescent antibody, enzyne

i nmunoassays, gel-diffusion and agglutination) the devel opment

and use of antibiotic resistant
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e == 5lass slide

primary antibody.

/(%7 ,i, Addition of unlabeled specific

% {% Tha strain specific primary antibody

"‘\L reacts with the antigen on the surface

of tha call, Mo flourescence |s possibla
at this point.

&P o e
o Staining™ with FITC labeled secondary

antibody developed against the rabbit
antiserum In goat or shaep.

g -l B unraviolet light

The FITC labeled goat lor sheep] anti-rabbit
ghobulin flugresces upon iradiation with
ultraviodet light after reacting with the
uniabeled specific antibody of the
i S O S

Figure B.4. Indirect inmmunofl uorescence

markers is relatively inexpensive and does not require

sophi sti cated equi pnent.

Bact eri ophage markers: phage typi ng

Viruses that infect bacteria (bacteriophage) were
i ndependent|ly discovered by Twort and by d' Herelle in 1917 and
1919, respectively. Since then, the processes of infection

and nultiplication have been well defined. The first step



i nvol ves the adsorption of the virus to specific receptors on
t he bacterial cell (somatic), flagella or pilli. This is

foll owed by the injection of the viral nucleic acid into the
bacteria. The nucleic acids utilize the machi nery of the host
cell to replicate, leading to the accumul ati on of severa
copies of the viral nucleic acid. These nucleic acids are
packaged new y-synt hesized viral coat protein and are then

rel eased by lysis of the host cell, liberating many infective

Vi ruses.

Susceptibility of a certain bacterial strain to a particul ar
bact eri ophage forns the basis for phage-typing. One approach
in a phage-typing schene is the use of a group of phages with
di fferent host-specificities. The bacteria can then be pl aced
into groups (lysotypes) if they are susceptible to some of the
phages and not others. Through this means, bacteriophage-

mar ked rhizobia can be indirectly traced in soil, in isolates

from nodul es and in | aboratory experinentation.



EXERCI SE 6

TO DEVELOP ANTI SERA

Rabbit antiserum devel oped agai nst Rhi zobiumis the basic
reagent for strain identification utilizing serological
techniques. In this exercise, Rhizobium antigens are prepared

and then used for the devel opnent of antiserumin rabbits.

Key steps/objectives

) Cul ture rhizobia on YMA bottle flats

2) Check for culture purity by Gram stain

3) Harvest and prepare antigens for inmmnization

4) Begi n i mmuni zation; inject antigen intramuscularly
5) | nject antigen intravenously

6) G ve intraperitoneal injections

7) Trial bleed

8) Deternm ne the antiserumtiters

9) Har vest bl ood through cardi ac puncture

10) G ve subcutaneous booster injections

(a) Culturing rhizobia for antigen

(Key steps 1 and 2)

| nocul ate sel ected strains of rhizobia on two 500 Ml YMA fl ats

and incubate at 26°C. Broth culture in 50 m Erlenneyer



flasks may al so be used but the medium nmust be fully defined
to avoid conplications with antigenic conponents fromthe

yeast in YM broth (see Appendi x 3).

Check for purity (by Gramstain) at the end of the specified
time for gromh, e.g., 3-5 days for fast-growers and 7-10 days
for slowgrowers. Strains that produce a | ot of "guni shoul d

be harvested earlier.

(b) Preparing antigens for immunodiffusion

(Key step 3)

VWhen the cultures are ready for harvest, aseptically add about
10 m of sterile, filtered saline and 20 sterile gl ass beads
to the YMA-slants. Close the culture vessel and hold it |evel
so that the saline irrigates the entire surface. Tilt back
and forth so that the gl ass beads dislodge the rhizobial cells
into suspension. Transfer the suspension (but not the gl ass
beads) to sterile centrifuge tubes and spin down the cells at
approximately 5,000 X g for 15-20 mn. Discard the
supernat ant and resuspend the precipitate again in sterile
saline. The gumy substance in the supernatant consists of
pol ysaccharides and is found especially in older cultures. It
shoul d be discarded at this point. Do not repeat the
centrifugation as excessive washing would renmpve the sol ubl e

antigens essential to the i mmunodiffusion reaction. Resuspend



the precipitate by dropwi se addition of sterile saline and
with frequent agitation to obtain a thick suspension of 1 X

10 cells m L

St ore about one-half of the thick suspension in the
refrigerator, for reference. Dilute the remaminder to 1 x 10°
cells m ! using the McFarland standards (Appendix 6).

Di spense the diluted suspension into small (5 m) sterile
serumvials in 2 m portions to be used for injections. Add a
preservative (1% nerthiolate) to each 2 nl sanple and also to
the thick suspension. Merthiolate is used extensively in
serology as a preservative. Wen used in liquids at a final
concentration of 1:10000, it does not interfere with

serol ogical reactions. The vials nay be stored at 4°C for

several weeks or kept frozen for several nonths.

(c) Preparing somatic antigens for the agglutination and
fl uorescent anti body techniques

(Key step 3)

The insoluble somatic antigens found on the surface of the
cells are required. Soluble and nost of the flagellar

antigens are elimnated by frequent washi ng.

Harvest a fully grown culture from YMA-flats as before. Cells
shoul d be centrifuged, the supernatant discarded, and the

pel l et resuspended in filter sterilized saline, using a vortex



m xer. This sequence of centrifugation and resuspension is
repeated three tines and the cell concentration is adjusted to
approxi mately 1 x 10° cells ml"*. Transfer the suspension to a
sterile serumbottle and close with a rubber septum Insert a
smal | gauge (about 23 gauge) needle through the septumto act
as an air and steamvent. Heat the antigen for 1 h at 100°C
to inactivate any remaining flagellar antigens. This is
accomplished by partly inmmersing the serumbottle in boiling
wat er or by subjecting it to heat in a steam bath. Add

nmerthiolate solution to the antigen suspension after heating.

(d) I'mmunizing the rabbit
(Key steps 4, 5, and 6)

A variety of injection schedul es have been used to produce
antisera of sufficiently high titers. Three exanples are
given in Appendix 12. The schedule used in this chapter

enpl oys three different routes of injection.

Pipette 2 ml of antigen and 2 m of Freund' s conpl ete adjuvant
into a 50 m beaker and ermulsify by repeatedly drawi ng the

m xture into a glass or plastic syringe (no needle attached)
and expelling it through the orifice. The right consistency
is reached when a drop of this emul sion does not disperse
inmmedi ately in water. Freund' s conplete adjuvant is made from
m neral oil and killed cells of Mycobacterium tubercul osis or

M butyricum It is used to enhance the effect of the



anti gen.

Inject 1 m of the antigen-adjuvant enulsion into the thigh

muscl e on each hind leg of the rabbit.

After 2 weeks, give an intravenous injection of 1 m of

antigen w thout adjuvant.

After 4 weeks give an intraperitoneal injection of 1 m

antigen w thout adjuvant.

(e) Trial bleeding for titer determ nation

(Key steps 7 and 8)

Seven days after the last injection, conduct a test-bleed

t hrough the margi nal ear vein. (Appendix 12).

Transfer the blood into a sterile screwcap test tube. All ow
the blood to clot at roomtenperature for approximtely 2 h.
Detach the blood clot fromthe test tube wall by noving a
wooden applicator stick around the clot. Refrigerate

overnight to separate the serumfromthe clot.

Decant clear seruminto a test tube, mnimzing carry over of
red blood cells. Since only a very small amunt of blood is
obtained in the trial bleeding, centrifugation my not be

practical. Deternmi ne the agglutination titer (Exercise 7).



(f) Collecting blood and giving booster injections

(Key steps 9 and 10)

If the titer is satisfactory (not less than 1:1600), bleed the
rabbit fromthe heart by cardiac puncture using a bl eeding
rack as shown in Figure A 14 of Appendix 12. Obtain 30-50 m
of blood. Transfer the blood into a sterile, screwcap test

tube of 50 m capacity.

After the bl ood has been clotted and refrigerated, decant the
serum and centrifuge at 5,000 x g for 15 m n (under
refrigeration, if possible) to clear the serum of red bl ood

cells.

Transfer the clear serum supernatant into an appropriate
container for storage by freezing. Serum should be stored in
1-2 m portions in suitable sized vials. This may not be
necessary if the blood is to be processed for conjugation with
fluorescein isothiocyanate (FITC). Sera from different

rabbits receiving the sane antigen may be pool ed.

If the titer was too lowin the trial bleeding (less than
1: 1600), give a booster injection of 1 nml antigen
subcut aneously imredi ately after the titer determ nation.

Bl eed 1 week |l ater by cardiac puncture.



If nore antiserumis desired, the |level of inmmnoglobulins in
the rabbit can be mmintai ned by booster injections 7-14 days
after each bl eeding. However, in such a case, it would be
advi sabl e to nake intraperitoneal injections of sterile saline
each tine after the blood has been taken to replenish the
liquid level in the animal. The volunme of saline injected

shoul d be equal to the volume of blood taken fromthe rabbit.

Note: Storage vials should also be adequately | abelled to

i ndi cate rhizobial strain, serum batch-nunber and date.
Records of injection schedules and agglutination titers

det erm nations should be noted. Weight, age, sex and ot her

rel evant information on the animals are also usually recorded.



Requi renment s

(a)

(b)

(c)

Cul turing rhizobia for antigens

M croscope, incubator
M croscope slides, imersion oil
| nocul ati on | oop, flane
Gram stain solutions (Appendi x 3)
Wash bottle with distilled water
YMA flats in 500 m nedicine bottles or
Erl enneyer flasks (250 ml) containing 100 m of a
defi ned nmedi um ( Appendi x 3)

Cul tures of rhizobia

Preparing antigens for immunodiffusion

Centrifuge, balance, vortex m xer (optional)

Sterile glass beads (4 nmdianeter, sterilized and stored
in test tubes at 20 beads per tube)

Pi pettes (10 m)

Centrifuge tubes (30-50 m capacity) with caps, rack

Saline, sterile, (nmenbrane filtered 0.85% NaCl w v)

Preparing antigens for the agglutination and the FA

t echni que



(d)

(e)

Centrifuge, balance, vortex m xer (optional)

St ove or bunsen burner with tripod and gauze screen, or
st eam bat h

Centrifuge tubes 30-50 ml with caps, rack

Pipette (1 nl)

G ass beads as in (b)

Saline, sterile

Serum bottle with rubber septum syringe needle (snal
gauge)

1% menbrane filtered nerthiolate (also called Thinerosal)
solution (B.D.H , Gallard-Schlesinger Chem Mg. Corp.,
Carle Place, N Y., or Sigma Chem cal Corp.)

| nocul ated YMA flats from (b)

| mmuni zi ng the rabbit

Large towel (approximately 100 cmx 75 cm

Smal |l sterile beaker (50 m capacity)

G ass syringes (10 m capacity)

Pl astic syringes (1-5 nl capacity)

Syringe needl es 20 gauge, 22 gauge and 26 gauge (sterile)
Freund's conpl ete adjuvant (DI FCO Laboratories, Detroit,
M chi gan, USA)

Rhi zobi al antigens from (c)

Trial-bleeding for titer determ nation



Refri gerator

Large towel, scal pel, vaseline, razor bl ade
Cotton wool or tissue paper, alcohol (70%
Test tubes with caps, rack

Wboden applicator sticks or thin glass rods

Requirements for titer determ nation (Exercise 7)

(f) Bleeding for collection and injecting boosters

Centrifuge, bal ance, freezer

Bl eedi ng rack (Appendix 12)

Syringes (with 18 gauge needl es)

Screw-cap test tubes (50 m), rack

Centrifuge tubes (50 m with caps), rack
Vials 5 ml (for storage of serum

Mert hi ol ate sol ution (Appendi x 4)

Al cohol 70% cotton wi pes or soft tissue paper

G ass vials (20 m) for bulk storage



EXERCI SE 7

TO PERFORM AGGLUTI NATI ON REACTI ONS W TH PURE CULTURES OF
RHI ZOBI UM

The somatic agglutination reactions of whole cells with
honol ogous antiserum are studied. The titer of the antiserum
is determned using the tray, tube, and m croscope-slide

met hods.

Key steps/objectives

1) Cul ture rhizobia

2) Harvest culture for antigen preparation

3) Prepare serial dilutions of antiserum and perform
titration in trays, tubes, and on mcroscope slides

4) Read and record titers

(a) Preparation of somatic antigens fromcultured cells

(Key steps 1 and 2)

Cbtain a young broth- or agar-slant culture of a strain from
Exercise 6. Inoculate in duplicate, two YMA slopes in 500 ni
flat culture bottles with inoculumfromthe broth or sl ant

culture. If a broth culture is used, 1-2 m of the broth can

be squirted onto the agar surface and spread with a | oop.



Under aseptic conditions, harvest the culture in saline after
3-5 days for fast-growing and 7-10 days for sl ow grow ng
rhizobia. Wash the cells three tinmes in filter-sterilized
saline by repeated resuspension and centrifugation (5000-8000
rpm. To inactivate the flagellar antigens, heat treat the
antigen preparation as in Exercise 6. Finally, visually adjust
the concentration of cells to approximately 1 x 10° cells m ?
with sterile saline, and use the MFarl and bariumsulfate

st andards (Appendix 6). |If a photoelectric nephel oneter or
spectrophotoneter is available, the turbidity nmay be adjusted

nore precisely.

(b) Dilution of stock antiserum

(Key step 3)

Prepare the two-fold dilutions of the antiserum as foll ows:

Arrange 10 test tubes (16 x 125 nm in a row on a test tube
rack. Label them 1 through 10. Pipette 9.6 nl of saline into
Tube 1. Pipette 2.5 mM of saline into tubes 2-10.

Accurately pipette 0.4 m of the stock antiseruminto Tube 1.
M x the saline and serum thoroughly by sucking the
serumsaline mxture into the pipette and then expelling the
contents. Repeat this process five times. Expelling should
be done gently to avoid frothing. This tube now contains

anti serum of a 1/25 dil uti on.



Using a fresh pipette, remove 2.5 m of diluted serum from
Tube 1 and transfer to Tube 2. Mx well. (The dilution of
the serumin Tube 2 will be 1/25 x I/2 = 1/50.)

Using a fresh pipette each time, repeat the dilution down the
series by transferring 2.5 mM of the diluted serum
successively fromthe previous tube to the next until Tube

10. (Tube 10 should have a serumdilution of 1/12800).

Fam liarize yourself with the identification system used for

wells in the plastic agglutination tray.

(c) Perform ng agglutinations in mcrotiter trays

(Key step 3 and 4)

Start with the highest dilution (Tube 10) and a cl ean Pasteur
pi pette (calibrated to deliver 0.03 m per drop). Place 2
drops of the diluted antiseruminto well A-10 of the plastic
agglutination tray. Next, using the sanme Pasteur pipette
(after blotting the tip dry), place 2 drops of the antiserum
of the next highest dilution (Tube 9) into well A-9 of the
agglutination tray. Repeat until all the dilutions of the
anti serum have been di spensed into the respective wells of

Row- A of the agglutination tray.

Next, with a clean, calibrated Pasteur pipette, dispense 2



drops of the honol ogous antigen (approximately 1 x 10° cells

m ™) into each of the wells fromwell A-1 through A-10. Avoid
touching the antiserumin the well or the walls of the well
with the tip of the antigen pipette. Discard the antigen

pi pette after use.

Wrk fromthe well containing the nost to the least dilute
antiserum Using a clean glass applicator (a fine capillary

t ube sealed at both ends or a fine solid glass rod rounded and
snmoot h at both ends), carefully stir the antigen-antiserum

m xture in each well. Avoid spillage into neighboring wells.
Rinse the stirring rod in a beaker of water and wi pe dry with
ti ssue paper between each well. Change the rinsing water
frequently. The sane stirring rod may be used for each new

wel | .

Pl ace 2 drops of serumof [/25 dilution into well A-11. Add 2
drops of saline with another calibrated Pasture pipette. This

serves as the serum saline control.

Pl ace 2 drops of saline into well A-12. Add 2 drops of

antigen. This serves as the antigen-saline control.

Seal all wells (A-1 through A-12) with a strip of cellophane
tape. Float the agglutination tray in a water bath at 52°C
for 4 h and then hold overnight in the refrigerator.

Alternatively, the reaction m xture nmay be i ncubated in an



i ncubator at 37°C for 2 h and then transferred to a
refrigerator before reading the reactions. Figure 7.1 shows
the steps for the antiserumtiter determnation in wells.

Read and record positive agglutinations at the highest
dilution of the serum (Figure 7.2). Positive agglutination

wi || appear as granular clunps with clear supernatant.
Negati ve agglutinations are indicated by settling of the cells

on the bottom of the well and turbid supernatant.

To calculate the titer, (serumtiter is the reciprocal of the
hi ghest serum dilution at which positive agglutination occurs)
mul tiply by two the highest dilution of the serum at which
positive agglutination occurs. This is because equal vol unes
of the diluted serum and antigen were titrated in the well.
(Exanple: if positive agglutination was detected at |/3200
dilution of the serumthe true titer will be 3200 x 2 =

6400) .

Further confirmation of a positive reaction can be made by
gently stirring the reactants in the well with a sterile

i noculating needle with a 2 mmloop. Stirring will cause the
granul ar clunps to float in suspension. Observe with a
stereo-ni croscope or magni fying glass and note the granul ar
clunps suspended in a clear suspending solution. Stir the
antigen-saline control and observe the turbid appearance
showi ng no separation into granular clunps and no cl ear

suspendi ng solution. Flanme the inocul ating needle for reuse



in other wells. Flaming will renmpbve contam nating reactants
and thus prevent carry over. The antigen-saline control wl
hel p in distinguishing between positive and negative
agglutinations. Record titer of antiserum and date of

experi ment.

(d) Perform ng agglutinations in tubes

(Key steps 3 and 4)

Prepare a two-fold dilution series of the antiserum as

descri bed for tray agglutinations (10 dilutions ranging from
| /25 through 1/12800). Remmining diluted serum prepared
previously for the tray nethod may be used, provided both

nmet hods are done on the sanme day.

Arrange 24 tubes in agglutination tube racks. Tubes with an
internal dianeter of 5 nmand |length of 60 mm are suitabl e.
Speci al tubes called Dreyer tubes, if available, are
preferred. Label them adequately to facilitate reading the
antiserumdilution in each tube. Alternatively, arrange the

tubes systematically in a tube-rack to avoid |abeling.
Di spense 10 drops (0.03 m drop') of each dilution into the
series of agglutination tubes set up for the titration. Set

up duplicate tubes for each antiserumdil ution.

Add 10 drops of each antigen (approximately 1 x 10° cells m ™}



to each of the agglutination tubes with a clean Pasteur

pi pette. Avoid contact of the antigen pipette with the nouth
or walls of the tubes containing the serum Do not attenpt to
stir or mx the reaction m xture in the tubes. Also set up

antigen-saline and anti serum saline tubes as controls.
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Figure 7.1. Schene for antiserumtiter determnation in wells

| ncubate the reaction m xtures in the tubes in a water bath at
52°C for 4 h. Alternatively, the tubes nay be incubated in a
wat er - bath at 37°C for 24 h. Read the tubes after the initial
i ncubation. Read the tubes again after keeping them overni ght
in the refrigerator (4°C). Place glass beads of suitable size
in the nouth of the tubes to prevent evaporation. "PARAFILM
can be substituted if glass beads are not avail able. Covering
mout hs of tubes is not necessary if the water bath is equi pped
with a lid/cover. The filled portion of the tubes should be

i nmersed half-way in the water bath thereby facilitating

m xing of the antigen and anti serumthrough convecti on.

Record positive agglutinations. These appear as granul ar

clunmps in a cl ear supernatant. When spun gently, negative
tubes will produce a "wi sp of snoke" effect arising fromthe
bottom of the tube, indicating the sedinent is not granul ar.

Cal culate the titer as outlined for tray agglutination.

(e) Perform ng agglutinations on m croscope slides

(Key steps 3 and 4)

This met hod has the advantages of using only small anpunts of



serum and giving results within mnutes. There is, however,
sone | oss of accuracy and a degree of subjectivity in
interpretations. The met hod shoul d not be depended on without
sone objective evidence (e.g. tube agglutination) to support

i nterpretation.

Partition a mcroscope slide into two sections with nelted
vaseline or petroleumjelly. Prepare 10 slides and |ay them
in a row on black paper. One section is used for one dilution
of the test serum and the other section for the antigen
control. Label one section "T" for test-serumand "C" for

anti gen-control.

Using the remaining diluted serum prepared for the tray
nmet hods, place a drop (0.03 nml) of the serumw th a calibrated
Past eur pipette (starting fromthe highest dilution) in the

test-serum secti on of each slide.

To each drop of serumadd a drop (0.03 m) of the antigen.

Al so place a drop of antigen on each control section.

Add a drop (0.03 m) of saline to the antigen in the control

section of the slides.

Stir the antigen-antiserumm xtures with the | oop of an

i nocul ati on needl e.



Fl ame and cool the needle after each mxing to avoid "carry

over" between tests.

| medi ately after m xing, slowmy rock the slide back and forth
for 1-2 min. Wth a high-titer antiserum the agglutination
shoul d occur quickly and should be detectable with the naked
eye or a dissecting m croscope.

Record positive agglutinations and calculate the titer.
Conpare the results of this nethod with those fromthe tray

and tube aggl utination methods.



Figure 7.2. Agglutination reactions in wells of agglutination

tray.



Figure 7.3. Agglutination reactions in agglutination tubes

Requi rement s

(a)

Preparation of somatic antigens fromcultured cells.

Centri fuge

McFar | and barium sul fate standards (or photoelectric
nephel onet er)

Boiling water or steam bath

Centrifuge tubes

Test tubes

Serum vials with rubber stoppers

Sterile pipettes (1 m) and Pasteur pipettes

Sterile glass beads

Sterile saline (100 m)



YMA slopes in 500 ml flat culture bottles

Broth or agar slant culture of rhizobia

(b) Dilution of stock antiserum

Antiserum (1 m) from Exercise 6
Sterile saline (200 m)

1 m sterile pipettes (two)

5 m sterile pipettes (10)

Test tubes (10) and rack

(c) Performng agglutinations in mcrotiter trays

Pl astic agglutination tray (rigid polystyrene "U" plate,
Cooke Laboratory Products, Alexandria, VA, USA)

Cal i brat ed Pasteur pipettes (0.03 nl/drop)

G ass applicator

Rubber bulb (1-2 ml capacity)

Cel | ophane tape

Ti ssue paper

Diluted anti serum from (b)

Anti gen suspension (1 x 10° rhizobia m %)

Bi nocul ar di ssecting nicroscope

Magni fyi ng gl ass (hand | ens)

Wat er bat h(52°C), incubator (37°C), refrigerator(4°C)

(d) Perform ng agglutinations in tubes



(e)

Cal i br at ed Pasteur pipettes

Aggl utination tubes or other small tubes
Tube rack

"Parafil m

Diluted anti serum from (b)

Ant i gen suspension from (c)

Water bath (52°C), incubator (37°C), refrigerator

Perform ng aggl utinati ons on m croscope slides

Cl ean nmicroscope slides

Cal i br at ed Pasteur pipettes
Rubber bul b

Vaseline or petroleumjelly
Diluted anti serumfrom (b)

Anti gen suspension from (c)

(4°C)



EXERCI SE 8

TO AGGLUTI NATE ANTI GENS FROM ROOT NODULES

| dentification of a particular Rhizobiumstrain, by direct use
of the bacteroids in the nodules, is described. This direct
met hod elimnates the tinme consum ng steps of isolating the
strain in pure culture prior to its use as an antigen in an

aggl uti nation reaction.

Key steps/objectives

1) Devel op antiserum of B. japonicum

2) Prepare Leonard jars

3) Prepare broth inocul um

4) Preger m nat e soybean seeds

5) Pl ant and i nocul ate pregermn nated soybean seeds
6) Harvest plants for nodul es

7) Perform aggl utinations with bacteroid antigens

8) Read and record aggl utinations

(a) Devel oping antisera

(Key step 1)

| nocul ate B. japonicumstrain TAL 379 onto YMA-flats. Harvest
culture and nmake antigen preparation for the devel opnent of

anti bodi es for agglutination as described in Exercise 6.



Ot her strains of B. japonicum for which antisera are

avai l abl e, may be substituted in place of TAL 379.

(b) Culturing soybean plants nodulated with a serologically
mar ked strain of B. japonicum

(Key steps 2, 3, 4, 5, and 6)

Prepare Leonard jars. This should be done well ahead of

experi ment.

| nocul ate 100 ml of YMbroth in a 250 ml Erl enmeyer flask with
a | oopful of TAL 379 from an agar slant. This should be
initiated at | east 7 days before planting the Leonard jars to

give sufficient tinme for the growth of the culture.

Surface sterilize soybean seeds as described in Appendi x 10.

Pl ate seeds on water-agar plates for germ nation. Do not
invert plates for soybean and other | arge seeded | egunes.
Pregerm nate seeds 1-2 days before planting and inoculation in

Leonard j ars.

Pl ant three germ nated soybean seeds in each Leonard jar.
| nocul ate each seed with 1 ml of TAL 379 broth culture. Plant

four jars.

Harvest and wash the soybean nodul es after 30-35 days of plant

growth. Separate the nodules fromthe roots. Pack and seal



t he washed nodul es in small pol yethyl ene bags (size 100 mm x
100 mm and 0.04 nmmthickness). Use one bag per plant and

| abel . Bags of the specified size or slightly smaller can be
purchased commercially or can be nade in the |aboratory if the

pol yet hyl ene material and a bag seal er are avail abl e.

(c) Separating bacteroid-antigens from nodul es for
aggl uti nation

(Key step 7)

Fill a 1 liter beaker with approximtely 500 mM of water and
bring it to a boil; then control the heating source to produce
gentle boiling. |Imerse one bag of nodules in the boiling
water for 3-5 mn, then renove the bag and cool. Save the

remai ni ng bags of nodul es for Exercise 9.

Cut open the plastic bag with scissors. Using forceps,
transfer the nodules to the agglutination tray, one nodul e per
well. Have one nodule in each well, beginning at well A-1

t hrough A-10 (refer to the well identification system on the
agglutination tray). Leave wells B-1 through B-10 enpty;
these wells will be used for agglutinations with antigens

separated in the series of wells in row A

Wth a Pasteur pipette, place 6 drops (0.03 m drop?) of
saline into each well containing a nodule. (Excess

heat -t reat ed nodul es can be stored frozen and thawed | ater for



use in agglutination without losing the ability of the

bact eroi d-anti gens to agglutinate).

Gently press out (do not honmpbgeni ze) the nodule contents into
the saline in the wells with fine forceps or a round-ended
glass rod (4 mmdianeter). Gently stir the exuding nodul ar
contents into the saline and push the resulting nodule tissue
agai nst the wall of the well. Rinse the rod and wi pe dry for
each nodule. Suitable flat toothpicks can be substituted for
forceps or glass rods. Toothpicks are used once and

di scar ded.

Wth a fresh Pasteur pipette, transfer 3 drops of the antigen
fromwell A-1 to B-1. Rinse the pipette thoroughly with hot
wat er by sucking the hot water into the pipette and enptying
the pipette contents in another beaker. Next, transfer (with
the same pipette) 3 drops fromwell A-2 to B-2. Wth
alternate rinsing of the pipettes between transfers, transfer
the antigen A-3 to B-3, A-4 to B-4, and so on until A-10 to
B-10. (In these transfers, the sanme pipette is used each tine
as the nodules were formed by one strain, TAL 379. |If the
nodul es were formed by strains froma ni xed i noculum each
antigen transfer nmust be done with a fresh Pasteur pipette).
Vari able Finn pipettes with disposable tips are excell ent
substitutes for Pasteur pipettes, especially when |arge
nunmbers of nodules need to be identified, since a fresh tip

can be used for each nodul e.



(d) Agglutinating the bacteroid-antigens with honol ogous
anti serum

(Key steps 7 and 8)

Prepare a 1/25 dilution of antiserum TAL 379 by diluting 0.4

m of the stock antiserumin 9.6 nm of saline.

Di spense the diluted antiserum by placing 3 drops in each of
the wells B-1 through B-10. Place 3 drops of the 1/25 diluted
anti serum and 3 drops of saline in well B-11 (serum control).
Set up the antigen-saline control in well B-12 by placing 3
drops of antigen fromwell A-1 followed by the addition of 3
drops of saline. Mx the reactants in the wells with a

round- ended gl ass applicator, starting at well B-10 and
proceedi ng towards well B-1. Use the sane applicator for

m xing the contents in the wells. Rinse and w pe dry the
appl i cat or between each m xing. The contents in the wells my
al so be m xed by holding the plate |oosely in a |level position
with both hands and tapping the side of the plate with a free

forefinger. Avoid spilling during this operation.

Cover the tops of the wells containing the reactants with a
strip of cellophane tape. This will prevent evaporation

during incubation. Leave a tab of tape to assist renoval.

Pl ace the trays at 37°C for 2 h in an incubator. At the end

of this time transfer the trays to 4°Cin a refrigerator and



| eave overni ght.

Record the appearance of the positive agglutinations by
conparison with the antigen-saline control. (The titer of the
anti serum at which the agglutinations occurred would be 1/25 x

3/6 = 1/50.)

This met hod has been used on nodul es of dycine max,

Cent rosema pubescens, Vigna ungui cul ata, and Phaseol us | unatus
with good results. These |egunes have nodul es of sim|ar
size. Wth other species of |egunmes, the volune of saline to
be used in squashing the nodule to extract the bacteroid
antigen has to be determ ned by trial and error. The vol unes
of the bacteroid-antigen and the serumin the wells also have
to be determ ned before | arge nunmbers of nodul es are
identified by agglutination. The use of thick suspensions of
t he bacteroid antigen should be avoi ded because unreacted
antigen produces turbidity resulting in anbiguity in the
recognition of positive agglutinations. The ultimte purpose
of mani pul ating the vol unes of saline and serumto be used
during the agglutination is to regulate the density of the

antigen close to 1 x 10° bacteroids m .



| dentification of nodul e bacteroids by

Figure 8. 1.

agglutination in an agglutination tray.



Requi renment s

(a) Devel oping antisera

See Exercise 6

(b) Culturing soybean plants nodulated with serologically

mar ked strains of B. japonicum

Sterilizing solutions (See Appendi x 10)
Sterile water (500 m)

Sterile 250 m w de-nmouthed fl ask

Soybean seeds

WAt er - agar plates (three)

100 m broth culture of B. japonicum (TAL 379)
Sterile 5 nm pipettes

Sterilized gravel (mulch for Leonard jars)
Leonard jars (four)

| sopropyl al cohol in spray bottle

Spirit |anp, matches

For ceps

Sci ssors, polyethyl ene bags

(c) Separating bacteroid-antigen from nodul es

Beaker (1 I)

Sci ssors, fine forceps



Sterile Pasteur pipettes (or variable Finn pipettes with
di sposabl e tips if avail abl e)

Bunsen bur ner

Round- ended gl ass rod

Sterile saline (250 m)

Ti ssue paper

Agglutination tray (rigid polystyrene "U' plate)

Nodul es contai ni ng bacteroids of B. japoni cum TAL 379

Nodul es contai ni ng bacteroids of B. japonicum TAL 378

(d) Agglutinating the antigens with honol ogous anti serum

Anti serum ( TAL 379)

Cal i br at ed Pasteur pipettes

Antigen from (c)

G ass applicator

Cel | ophane tape

| ncubator (37°C), refrigerator (4°C



EXERCI SE 9

RHI ZOBI AL ANTI GEN- ANTI BODY REACTI ONS I N GEL BY | MMUNODI FFUSI ON

| mmunodi ffusion in gel allows for the recognition of
antigenically identical strains and for differentiating

bet ween cl osely rel ated nonidentical strains. Soluble and

di ffusi bl e heat-stable antigens of varying nol ecul ar size are

studied in this technique.

Key steps/objectives

1) | nocul ate YMA flats for antigen preparation
2) Prepare gel in plastic Petri dishes

3) Harvest cultures for antigen preparation

4) Perform i munodi f f usi on

5) Cbserve and record diffusion patterns

(a) Preparing gel for diffusion

(Key step 2)

Pl ace 100 nl of saline into a 250 m Erl enneyer flask. Add
0.75 g of Difco Noble agar or Oxoid lon agar No. 2 to the
flask and nelt by steam ng, autoclaving or heating in a

m crowave oven. |If direct heat is applied to nelt the agar,
prevent charring of the agar on the bottom of the flask by

constant stirring and controlling the heat. To the nelted



agar, add 1 m of a 2.5 % (wv) solution of sodium azide (a
preservative), and swirl the flask to ensure proper

di stribution of the sodium azide. Pipette 25 nl of the hot
gel into Petri dishes kept on a level surface. Allow the agar
to solidify. A total of four plates with a gel layer 4 mmin

t hi ckness should result.

Trace the outline of the bottomof a Petri dish on a sheet of
white paper. Draw a hexagonal pattern of six circles (4 mm

di ameters) equidistant (5 mmfrom edge to edge) from one
another in the center of the plate outline on this paper.

Draw a seventh well in the center of the hexagonal pattern and
shade in the circles (Figure 9.1). This pattern on the paper

serves as a tenplate for cutting out wells fromthe gel

Pl ace a Petri dish (containing gel) on the tenplate. The
pattern of circles should be visible through the gel. Cut
wells into the gel using a 4 mm cork-borer. The cork-borer
shoul d be held vertically when cutting the wells, otherw se
wells with oblique walls will result. Carefully renove the
gel plugs with pins or other suitable inplement or renove the
pl ugs by suction using a Pasteur pipette (with a slightly bent
tip) attached to a suction apparatus. (A Pasteur pipette
attached to an aspirator or vacuum punp, with a "trap" in

bet ween for the gel plugs, is a suitable suction apparatus.)

It will take sone practice to produce plates with seven intact



wells. A drop of nolten agar may be necessary to seal off the

O 0 o
O0o0o 00O

Figure 9.1. Hexagonal pattern tenplate for Petri dishes.

bottom of the well. Sealing the well is usually not necessary
with the plastic Petri dishes but is essential for glass Petri
di shes. The gel plates nmay be refrigerated if not required
for immedi ate use. Make four sets (one set per Petri dish) of
t he hexagonal pattern of wells. Three or seven sets of wells
can be nade per Petri dish with sufficient experience and

care.

(b) Preparing antigens

(Key steps 1 and 3)

Culture the follow ng strains of Bradyrhizobiumsp. on YMA

flats:

TAL 651 (from Cal opogoni um nucunoi des)
TAL 653, 655, and 855 (from Centrosema pubescens)



TAL 642 (from Labl ab purpureus)

Harvest the cultures after 7 days of growth (Exercise 6) and
prepare antigen suspensions for imunodiffusion. A final
volume of 1.0-1.5 nm of a dense antigen suspensi on contai ni ng

approxi mately 1 x 10 cells m * is desirable.

Di vide the antigen suspension of each strain into two snall
screw- capped tubes. Small MCartney bottles are better
substitutes if these are available. Heat treat one sanple for
1 h at 100°C by imersing the tube in boiling water. Leave

t he ot her sanple unheated (untreated).

(c) Setting up inmmunodiffusion reactions

(Key steps 4 and 5)

Pl ace 2 drops (0.04 m drop') of each heat-treated antigen in
their respective wells. The position of the different

antigens for the diffusion is as shown in Figure 9. 2.

.*’ﬁ\ Well number Antigen
@ ) 1 and 4 TAL 655
"‘”“‘ \2 2 TAL 653

3 TAL 855

() () 5 TAL 651
O 6 TAL 642

Figure 9.2. Well pattern for inmmunodiffusion.



Pl ace the undil uted anti serum of TAL 655 in Well-7.

Simlarly, set up another set of wells for inmunodiffusion

with untreated (unheated) antigen.

Labelling on the bottom of the Petri dishes is essential to
facilitate the identification of the antigens in the wells.
Orientation of the dish can be established with a single |ine
at the 12 o'clock position and a diagrammatic record of the

| ocati on of each well.

| ncubate the Petri dishes at roomtenperature in a

wat er - sat ur at ed at nosphere. A saturated atnosphere is
necessary to prevent noisture loss fromthe gel. Air-tight

pl asti c boxes can be inprovised to provide this environnent by
pl acenent of wet paper towels on the inside prior to closing

of the boxes.

Make observations at 24 and 48 h. Record your observations in
the form of drawi ngs. Conpare the diffusion patterns of the
heat ed and unheated antigens. Interpret the diffusion
patterns for reactions of identity, partial identity, and
nonidentity. Heating can significantly alter the reactivity,
concentration and diffusibility of the somatic antigens

| eading to stronger and well separated precipitin bands.



Figure 9.3. I mmunodiffusion reactions show ng preciption

bands.



Requi renment s

(a) Preparing gel for diffusion

Aut ocl ave, stove or mcrowave oven

Saline (100 m)

Erl enneyer flask (250 nl)

Sodi um azi de

Nobl e agar (purified agar) from Difco, Detroit, M chigan
or Oxoid lon agar No. 2

Pl astic Petri dishes (four)

Hexagonal pattern tenpl ate

Cor k- borer (4 mm

(b) Preparing antigens

Agar slant cultures of bradyrhizobia (TAL 642, 651, 653,
655, and 855) or other rhizobia

YMA sl opes (five) in 500 m flat medicine bottles

Screw- capped tubes (or small MCartneys)

Steam or water-bath

(c) Setting up immunodiffusion reaction

Past eur pipettes

Rubber bul bs (1-2 m capacity)

Air tight plastic boxes (or substitute of simlar



function)



EXERCI SE 10

TO | DENTI FY NODULES BY GEL | MMUNODI FFUSI ON

In this exercise, a precise technique is described to

differentiate and identify the occupant strain(s) of nodul es

fromplants inoculated with a m xture of two serologically

distinct strains. Bacteroids from nodules are used directly

as antigens.

Key steps/objectives

1)
2)

3)
4)

5)

6)

7)

8)

9)

10)

Prepare Leonard jars

Culture strains for stock broth cultures and for antigen

preparation

Preger m nat e soybean seeds

Sampl e stock broth cultures for viable counts and prepare
m xed i nocul um

Pl ant and i nocul ate pregerni nated seeds

Har vest nodul es

Set up the Gel man i mmunodi ffusion apparatus. Prepare gel
in Petri dishes

Prepare antigen from nodul es and cultured cells of

i nocul um strains

Performgel diffusion in mcroscope slides and Petri

di shes

Record precipitin bands by draw ng; analyze



i mmunodi f fusi on patterns

(a) Preparing m xed-strain inocula of B. japonicum

(Key steps 2 and 4)

Prepare two flasks each containing 150 m of YM broth.

| nocul ate one flask with B. japonicumstrain TAL 379 str and
the other flask with B. japonicumstrain TAL 378 spc. These
two flasks will provide stock cultures of each strain. All ow
7 days for maximum growth of the strains. (The two strains
used in this experinment are antibiotic resistant. TAL 379 is
resistant to streptonmycin (str) and TAL 378 is resistant to
spectinonycin (spc)). The nodules fornmed by these two strains
will be identified by gel inmmnodiffusion in this exercise and
by their ability to grow in YMA plates containing antibiotics

in Exercise 12.

After 7 days of growth of the stock cultures, aseptically and
accurately transfer 50 ml of TAL 379 str to a 250 nl sterile
flask. Do the sanme flask transfer 50 mM of TAL 378 spc. (Use
a fresh 10 m pipette for the transfers and pipette 5 tinmes to
renove each 50 m. Use a fresh pipette when transferring
different strains). Swirl the flask to ensure a good m xture

of the two strains and | abel this flask M

Use the drop- or spread-plate methods (Exercise 4) to obtain

vi abl e counts of TAL 378 spc and TAL 379 str. \When the viable



counts becone avail able |ater, the actual ratios of the
conpeting strains in the m xed inocula can be nore accurately
conput ed.

Set aside the remmining portions of the two stock cultures and

use these as inocula for single strain inocul ation.

(b) Culturing of soybean plants inoculated with a single

strain and a m xture of strains of B. japonicum

(Key steps 1, 3, 5, and 6)

Prepare 15 Leonard jars (Appendix 11).

Surface sterilize and pregerni nate 60 soybean seeds of good
viability as described in Appendix 10. Allow two days for the

pregern nati on of the seeds.

Sel ect well-germ nated seeds and plant three per jar.
| nocul ate each seed at sowing with 1 nl of the broth inocul um
of the appropriate treatnent. Plant four jars for each

treatment and | abel adequately.

Proceed to plant another 4 jars and inoculate the seeds with 1
m per seed of the stock culture of TAL 379 str and | abel.

Simlarly set up 4 nore jars but inoculate with TAL 378 spc.

Finally, plant the remaining three jars and | eave them

uni nocul ated. These three jars serve as uni nocul at ed



control s.

Seven days after planting, thin down to two uniform plants per
jar. Harvest all treatnent after 30-35 days. Carefully
renove and wash the root-system of each plant. Count and
record the nunmber of nodules on the roots of each plant.

Det ach the nodul es and pack themin small plastic bags as
described in Exercise 8. Label the bags adequately for |ater
identification of the treatnments. (The remaining plants in
the jars will be harvested at a |later date for use in Exercise

13) .

(c) Preparing nodul e bacteroid-antigens

(Key step 8)

Proceed as explained in Exercise 8. Prepare nodul e
bact eroi d-anti gens from nodul es of the treatnents which

recei ved the m xed broth inocul um

(d) Preparing soluble antigen fromcultured cells

(Key step 8)
| nocul ate one YMA flat each with TAL 379 str and TAL 378 spc.
Harvest these strains after 7 days and prepare sol uble antigen

for i mmunodi ffusion as described in Exercise 9.

(e) Setting up the inmunodiffusion system



(Key step 7, 9, and 10)

The gel (see Exercise 9) for imunodiffusion is prepared on

m croscope slides. Thin (1 nm) mcroscope slides are
especially suitable for this nethod using the Gel man

i munodi f fusi on apparatus (Gel man I nstrunent Conpany, Ann
Arbor, Mchigan U.S. A ) described in this exercise. The

vari ous conponents of the apparatus include the inmmunofranes,

i mmunoframe hol ders, rinsing tanks, and the inmunodiffusion
punch set. Famliarize yourself with their construction and
use(s). The Gel man product nunbers for the various conmponents

are given in the list of requirenents.

Study the i mmunoframe which has been especially constructed to
hol d m croscope slides. Each immunofrane hol ds six standard
m croscope slides, three in each of its two conpartnents.

Each compartnment is divided into three wi ndows and one slide
is centered over each window. All three slides nust be placed
in close contact with one another. Conplete the arrangenent
of slides in each i nmunoframe and place the i munofranes on a
clean and |l evel surface. (A level surface is inportant to

obtain gel of uniformthickness.)

Wth a Pasteur pipette, dispense mninmal anounts of the nolten
gel around the edges of each slide to seal off the fine gaps
at all points of contact between slides and between slides and

conpartnent walls. (Sealing is necessary to prevent | eakage



of the gel to the bottom when the nelted gel is poured.)

Allow the gel to cool to obtain proper seal

Pipette 10 ml of the nolten gel into each conpartnent of the

i mmunoframe. Enpty the pipette beginning at one end of the
conpartnent and proceed to the other end noving the pipette in
a zig-zag notion, to evenly spread the gel over the slides.
Conpl ete layering the gel over all the slides in the

i mmunof r anes.

Allow 1 h for the gel to cool and set, in a dust-free
envi ronnent. The gel should be protected from dust particles
settling on its surface during the cooling process by

i nprovising suitable covers.

On cooling and setting of the gel, nount the i nmunoframes onto
t he i nmunofranme-holder. It can accommdate a maxi mum of three
i mmunofranmes. Place the whole assenbly into a rinsing tank
contai ni ng approximately 80 m of water and replace the I|id.
Store the rinsing tank and its contents overni ght at 4°C
(refrigerator) or at roomtenperature (26-28°C) to inprove the

setting of the gel.

Exam ne the i mmunodi ffusion gel -punch set. The gel -punch
consists of a die and an attached system of cutters. The

arrangenent of cutters on the die allows the production of two



sets of the hexagonal pattern of wells (used in this

techni que) on one slide at any one tinme. The gel punch is
designed to fit the sides of the i nmunoframe and when the
punch supports are properly nounted, the punch can be slid

back and forth to desired positions.

Mount the gel punch onto the immunofrane and position it over
a slide. Gently press the punch down on the gel and hold for

3-4 seconds to cut out the hexagonal patterns.

The 3 mmwells on the slides can hold 8-10 mcroliters of
anti serum or antigen. These snmall volunmes can be conveniently
delivered with a variable volune (5-50 mcroliters) Finn

pi pette with di sposable tips.

Perform the i mmunodi ffusion with the nodul e bacteroi d-antigens
with reference to Figure 10.1. Identify all the nodul es being
anal yzed for strain occupancy using the scheme given in Figure

10. 1.



Key: N1 - antigen preparation

Std Ag Std Ag from nodule no. 1
_ (379 B |@ N2 - antigen preparation
@ ﬁ;‘. @ f-’m fronr'r nodule no. .2
ol Ab O N3 - antigen preparation
- - 378
—~ 5 7 ~ frﬂr[n nodule no. .3
N2 \N3) \N2) \N_'»") N4 - antigen preparation
@@ a7s from nodule no. 4
= : = from cultured cells
Microscope slide Ab - antiserum {undiluted)
Figure 10.1. Schene for identifying nodules frominocul ated
with a mxture of two strains.
Set the Finn pipette to deliver 8 mcroliters of the antigen

or anti serum

respective wells in the hexagonal

(Figure 10.1) given.

Deliver the antigens and antisera to their
system according to schene

(Note that each nodule formed by the

m xed inoculumis identified against the antisera of the two

conponent B.

japonicum strains in the mxture.)

Assenbl e the i mmunofranmes (housing the m croscope slides) on

t he i mmunofrane-hol ders and i ncubate the assenbly in a
saturated atnosphere (provided by approximately 80 nml of water
I ncubation at

in the rinsing tank). room tenperature

(26-28°C) allows precipitin band devel opnent between 24 to 48
hour s.
In Table 10.1 record the nunber of nodul es giving positive

preci pitati on bands agai nst each antiserum Nodul es givVving



reactions of identity with both the antisera indicate m xed
infections, i.e., the nodule contains both the strains from

the m xed broth i nocul um

Use the nodul e analysis data to exam ne whet her the proportion
of nodul es fornmed by each strain was according to its

representation in the m xture using Chi-square anal ysis.

| f sufficient nodules and antisera are avail able, performa
paral |l el immunodiffusion exercise with gel prepared in Petri
di shes (Chapter 11). Follow a simlar scheme of nodul e
identification as detailed for the m croscope slide method in

this chapter.

Table 10.1. ldentification of nodules for the m xed inocul um

treat nent

Rati o of No. of Chi - square

TAL 378: 379 nodul es Nodul e occupancy (% devi ati on
exani ned JAL378  TAL379 JAL378+TAL379 (1 df)




Requi renment s

(a) Preparing the m xed broth inocul um

Transfer chanber

Agar slant cultures of B. japonicumstrains TAL 379 str
and TAL 378 spc

YMbroth, 150 m (two fl asks)

Sterile 125 m Erl ennmeyer flasks (two)

Sterile 10 ml pipettes (five)

Sterile 1 m pipettes (15)

Sterile calibrated Pasteur pipettes

90 m sterile water in each of mlk dilution bottles
Quarter-strength YMbroth or sterile water (9 m in 30 m
capacity screw cap tubes)

YMA pl at es

(b) Culturing of soybean plants inoculated with a single and

m xture of strains B. japonicum

Leonard jars

Soybean seeds

Sterilizing solutions (see Appendi x 10)
Sterile water

Wat er agar pl ates

Pipettes, 10 m (three-five)

Spirit |anp, alcohol in spray bottle, natches



(c)

(d)

(e)

For ceps

| nocul ant broth of TAL 379 str and TAL 378 spc

Prepari ng nodul e bacteroid antigen

See Exercise 8

Prepari ng soluble antigens fromcultured cells

Sl ant cultures of TAL 378 spc and TAL 379 str
YMA flats (two)

Ot her requirenents as in Exercise 9

Setting up i munodiffusion systens

| mmunof ranes (Gel man Product No. 51447)

| mmunof rane hol ders (Gel man Product No. 51448)

Ri nsing tanks (Gel man Product No. 51457)

| mmunodi f fusi on punch-set (Gel man Product No. 51450)
M croscope slides without frosted ends (Approx. 1 nm
thick) from Curtin Mat heson Scientific Inc.

Finn pipettes (Variable Volunetrics Inc., Wburn, NA,
USA)

Past eur pipettes



EXERCI SE 11

TO DEVELOP AND USE FLUORESCENT ANTI BODI ES ( FA)

The i mmunogl obul ins are separated from anti serum purified,

and conjugated with fluorescent dye. The conjugate is then

used to identify Rhizobiumin nodules by the “direct” FA

technique. A nodification of this nmethod, comonly referred

to as the indirect FA technique, is described in Appendix 13.
Bot h net hods are very useful for the identification of

Rhi zobi um strains in ecol ogical research

Key steps/objectives

1) Precipitate the serum gl obulins

2) Precipitate the serum gl obulins for a second and third
tinme

3) Di al yze the serum gl obul i ns

4) Determ ne the protein content of the dialysate

5) Conj ugate the i mmunogl obulins, with fluorescein
i sot hi ocyanate (FITC)

6) Purify the FA by colum chronmat ography

7) Test the quality of the FA

8) Type nodul es with the FA technique

(a) Fractionating serum gl obulins

(Key steps 1 and 2)



Place a 250 ml beaker filled with crushed ice onto a magnetic
stirring plate. Imerse a 50 nml centrifuge tube containing 15
m antiseruminto the ice and clanp the tube to a ring stand.
Drop a 12 mm (0.5 in) stirring bar into the tube. To the sane
ring stand, attach a 30 m burette filled with cold 3.9 M
amoni um sul fate solution. The tip of the burette should be
close to the surface of the antiserum Add 15 m anmmoni um

sul fate solution to the antiserum at the approxi mate rate of

one drop per second while stirring continuously.

Allow the resulting cloudy m xture to stand overni ght (or for

at least 2 h) at 4°C

Separate the globulins by centrifugation in a refrigerated
centrifuge at 5,000-10,000 rpmfor 30 mn. Discard the
supernat ant and di ssolve the precipitated globulins in enough
saline to bring the solution back to the original serum vol ume

(15 m).

Repeat the precipitation and centrifugation steps twi ce as
above, but wi thout the intermedi ate step of overnight
refrigeration. Instead, allow the precipitates to settle for
5 mn at 4°C before centrifugation. Three precipitations are
usually sufficient to render the globulins conpletely white

and free of henogl obi n.



(b) Purifying the serum gl obulins

(Key step 3)

Di ssolve the final precipitate in approximately 7.5 m of
saline (half of original volune) and dialyze against 2 liters
of saline (adjusted to pH 8 with 0.1N sodi um hydroxide) in a
coldroomwi th frequent changes of saline until the anmoni um
sulfate is no |l onger detectable in the dialysate. Three
changes of dialyzing fluid at intervals of 4, 10 (overnight)
and 4 hours again, with another 4-hour run before conpletion
is usually sufficient. Merthiolate my be added to the
dialyzing fluid as a preservative at a concentration of 0.01%

(W v).

To deternmi ne the presence of sulfate, mx a few drops of the
dialyzing fluid with an equal volune of a saturated barium
chloride solution. |[If the m xture does not becone cl oudy, the

di al ysis can be consi dered conpl ete.

| f phosphate has been used as buffer for the dialyzing fluid,
use Nessler's reagent to detect amoni um ( Appendi x 4) because

phosphate will interfere with the sulfate precipitation.
In a small test tube, mx a few drops of the dialyzing fluid
with an equal anpunt of Nessler's reagent. A very fine brown

precipitate will formin the presence of ammoni um

(c) Determning the protein content of the dialyzate



(Key step 4)

After the globulin has been rendered free of ammoni um sul f at e,
protein concentration is determ ned by the biuret test which

utilizes the follow ng reaction:

Protein + CuSQO, + NaOH OOOOOOOO» Purple col or

The amount of purple color forned is proportional to the
amount of protein present (if alkaline CuSO, is in excess).
By using several l|levels of protein and reading the purple
col or at the appropriate wavel ength, a standard curve can be

prepared show ng protein concentration versus absorption.
Make a protein standard sol ution using BSA (bovine serum

al bumin) at a concentration of 20 ng m ' 200 ng BSA

di ssolved in 10 m distilled water should be sufficient for
the protein determ nation.

Prepare fresh biuret reagent (Appendix 4).

In 15 mM test tubes set up standard and sanple dilutions

according to Table 11.1.

Al low the tubes to stand for 30 min at room tenperature.

Use tube no. 6 to zero the spectrophotoneter at 540 nm Read



and record the absorbance of the standards (tubes 1-5) and the

unknowns (tubes 7-8).
Use the val ues obtained fromtubes 1-6 (Table 11.1) to
construct a standard curve plotting absorbance (y-axis)

against mg m ' protein per tube (x-axis).

Use this curve to read off anpunt of protein in (ng m ™) the

gl obulin test sanples (tubes 7 and 8).

Make a new curve for each protein determ nation

Usually at | east one of the two unknowns will fall within the

range of the curve.

Table 11.1. Schedule for total serum protein determ nation
Bi ur et
Tube reagent Wat er BSA st ock % BSA Absor bance
no. * (m) (m) (m) (mg m 1 (at 540nm)
1 8 1.0 1.0 2.0
2 8 1.2 0.8 1.6
3 8 1.4 0.6 1.2
4 8 1.6 0.4 0.8
5 8 1.8 0.2 0.4
6 8 2.0 0.0 0.0
7 8 1.2 0.8 000
8 8 1.8 0.2 000

Tubes 1-6 contain BSA standards; tubes 7 and 8 contain
gl obulin test-sanples

After determining the protein concentration adjust the



di al yzed i mmunogl obulin solution to 10 ng'* M by addi ng

sal i ne.

(d) Conjugating the globulins with fluorescent dye

(Key step 5)

Place 10 m of the 1% gl obulin solution (a total of 100 ny
protein) in a 50 m beaker. Add 4 m of 0.15 M sodium
phosphate buffer (pH 9). (Appendix 5).

In a separate 50 m beaker dissolve 3.0 ng of FITCin 4 m of
a 0.1 M sodium phosphate buffer pH 8 (Appendi x 5) continuously

stirring with a magnetic stirrer.

Add this mxture to the buffered globulin solution. For the
conjugation, the ratio of FITC to globulin is 0.03 ng of FITC
per nmg of protein.

Adj ust the pH of the FITC-immunogl obulin m xture to 9.2-9.5
with 0.1 N sodi um hydroxide and increase the volune to a total
of 20 mM with phosphate buffered saline (PBS) pH 7.1 (Appendi X
5).

Add nerthiolate solution. The merthiolate should be present
at a concentration of 1:10,000 to act as a preservative.
Conjugate at roomtenperature for 8 h or overnight with

continuous m xi ng provided by a magnetic stirrer. Set the



stirrer at the | owest possible speed to avoid frothing. To
ensure that the sanple is well insulated from heat generated
by the stirrer, place a thin piece of a good insulation

mat eri al such as styrofoamon the stirrer and clanp the

sanpl e-container to a ring stand to elevate it slightly above

the stirrer.

(e) Purifying the Fluorescent anti bodies

(Key step 6)

Separate the conjugated fluorescent antibodies (FA) from

unreacted FITC by colum chronmat ography or dial ysis.

For the colum chromat ography met hod, prepare a slurry of
Sephadex G 25-150 or G 25-300 in PBS in a 1 liter Erlenneyer
flask. Use approximately 10 ml PBS g*' dry Sephadex at this
stage. The bed volume of G 25-150 Sephadex is 5 m g*! dry gel
when swollen in PBS. Allow to settle and renove fine
particles by decanting. Repeat until the supernatant |iquid

is clear.

Add nerthiolate (1:10,000) and | eave at roomtenperature for 3
h to all ow the Sephadex particles to swell. Alternatively,

the slurry may be heat-treated at 90°C for 1 h.

Plug a glass colum approximately 2.5 x 30 cmwith a snal

ampount of gl ass wool and close the outflow. Add 2-3 m of



PBS. Preneasure the slurry to fill approximately 20 cm of the
col um when settled. Pour the slurry into the columm in one
continuous flow. The volume of a packed Sephadex col um
shoul d be approximately three to five tines the volune of the

conjugate to be purified.

Sephadex consists of tiny porous beads of cross-linked dextran
(bi opol ymer) which swell on inbibing water. When contained in
a chromat ography colum, the beads form a nol ecul ar sieve
which will separate conpounds according to nol ecul ar size.
Large nol ecul es of the conjugated i mmunogl obulins will neet
little obstruction as they pass through the interstitial
spaces between the beads and energe with shorter el ution
times. The nuch smaller nolecules of the free FITC will
penetrate the lattice structure of the Sephadex, which

i ncreases the elution tine.

Equilibrate the colum by passing at |east three columm

vol umes of PBS through it. Control the outflow carefully so
that the colum bed remains covered with liquid. The columm
must be replaced should it run dry. Measure the pH of the
outflowi ng eluent. Repeated rinsing with buffer or distilled

water is necessary if the pHis higher than neutral.

Al low buffer to settle alnobst to the top of the bed without
drying the bed then add the conjugate with a Pasteur pipette.

Permit the conjugate to penetrate the Sephadex until the



conjugate level is slightly above colum bed. Gently wash the
conjugate into the colum with several 2 ml increnments of PBS,
added with a Pasteur pipette. After all the conjugate has
penetrated the Sephadex to at least 3 cminto the Sephadex, a
reservoir filled with PBS containing Merthiolate (0.01% may
be connected to the top of the colum to maintain a PBS filled
colum until the purified fluorescent antibodi es have been

col |l ect ed.

Col lect the first yellow banded fraction (FA) in a small (50
m ) beaker taking care to stop the collection when no color is
seen in the eluted buffer. The unconjugated FITC fraction is

seen as a slow nmoving diffused yell ow band.

If the collected material is dilute, it may be concentrated
usi ng carbowax (polyethylene glycol). The conjugate is placed
in a beaker. Then a dialysis bag containing approximtely 5 g
of carbowax is imrersed into the conjugate and left in the
cold for 4 to 8 h or until the FA solution has reached a

volume of 15 to 20 nml .

An alternate way to purify FA is through dialysis. Dialyze
against PBS pH 7.1 until no color is detected in the

di al ysate. This may take nore than 36 h.

Distribute the purified FAin 1 m volunes in | abeled 2 n

screw cap vials and store in the freezer. Lyophilization is



al so possible at this point if facilities are avail able.

Often, some particulate matter accunul ates at the bottom of
the containers. This should be elin nated by centrifugation
or by filtration through a 0.45 mcron nenbrane filter prior

to use.

The Sephadex may be used repeatedly after thorough washing.
The unconjugated FITC shoul d be washed off the colum by
passing distilled water through it until no yellow color can
be detected. The Sephadex may then be washed agai n batchw se

and stored in a refrigerator.

(f) Testing the quality of the fluorescent antibody

(Key step 7)

Prepare twofold dilutions of the FA in saline (or PBS) for the
titer determnation. Dilute the FAin the range of 1:1, 1:2,
1:4, and so forth, up to 1:32. Using a small transfer | oop,
make thin snmears on clean mcroscope slides from (a) a young
liquid culture of the honol ogous rhizobial strain for which
the FA was prepared (b) a young |iquid non-honol ogous

rhi zobial culture. Use a separate slide for each dilution of

FA.

Air dry and heat fix the snears by passing themrapidly over

the flame of a Bunsen burner.



Cover each snear conmpletely with 1 drop of each dilution of
the FA. Mre FA material nmay be needed if the snears are too
| arge to be covered by 1 drop. Incubate in a

noi sture-saturated chanber for 20 min at roomtenperature. A
noi st ur e-saturated chanber nmay be nade froma |l arge Petri dish
into which a wet piece of filter paper is placed. Two gl ass
rods are placed on the filter paper and spaced to provide a
rail to support the slides. Larger incubation chanbers can
easily be inprovised, but care has to be taken that the slides
are resting level and that they are well separated from each

ot her.

Wash of f the excess FA with a gentle stream of PBS from a wash
bottl e or Pasteur pipette, taking care to avoid dislodging the
cells in the snmears. Then wash the snmears by submerging the
slides in saline or PBS for 20 mn. Simlarly, wash the
snmears in water for 15 mn and air dry. Add a drop of
mounting fluid (Appendi x 5) and mount with a cover slip.
Cbserve the snear under a UV-nicroscope equi pped with a HBO
mercury vapor |ight source and a suitable filter pack for FITC
excitation. To ensure the validity of the results, conpare
the reactions with honol ogous and non- honol ogous strains of

r hi zobi a.

The intensity of the fluorescence decreases with the higher

dilutions of the applied FA. Grade each snear for the



intensity of the fluorescence using the follow ng scal e:

G ade Fl uorescence
4+ Brilliant yell ow green
3+ Bri ght yell ow green
2+ Yel | ow- gr een
1+ Dul | - green
0 No fl uorescence

| deal |y, FAs should show a 4+ reaction even after they have
been diluted by several twofold steps. Occasionally, FITC

conjugations yield only FA of 3+ rating. The FA are diluted
bef ore use. The highest dilution which still results in an
intensity of fluorescence conparable to the undiluted FA is
used for strain identification. The non-honol ogous reaction
shoul d show no nore than background fl uorescence. Strains

whi ch cross react may show from 4+ down to 1+ reactions.

(g) Typing nodul es using the FA technique
(Key step 8)

The soybean plants (inoculated with pure TAL 379 str, pure TAL
378 spc, and a m xture of TAL 379 str + TAL 378 spc) which had
been harvested in Exercise 10 and stored in the refrigerator

will be used in this exercise.



Sel ect the nodules that resulted fromthe m xed inocul um
treatment. (TAL 379 str and TAL 378 spc). Each nodule has to
be reacted with the FA of the two conmponent strains of the

m xed i noculum The nodul es should be cleaned with water and

bl otted dry.

Prepare two tenplates on m croscope slides showi ng twel ve dots
evenly spaced representing the location of 12 snears from

i ndi vi dual nodul es plus two dots for controls of pure

Rhi zobi um cultures. The size of the dots and their spacing

shoul d be as shown in Figure 11.1.

Lay out two clean m croscope slides, and using a pencil, code

one with TAL 379 str and the other with TAL 378 spc.

Pl ace each slide over one tenplate and apply the nodul e

snears: Gip a nodule with a blunt tipped forceps, section it
with a scal pel and make a thin snear of the cut surface on the
slide marked TAL 379 over the location of the first dot on the

t enpl at e.

Make a duplicate smear with the sanme nodule at the

corresponding | ocation of the other slide marked TAL 378 spc.

Fl ame the forceps and scal pel. Take a second nodul e and make

simlar smears on corresponding positions (ny) on the other



slides. Continue until all twelve positions have been covered
on each slide. Renenber to conpletely burn off adhering
particles from scal pel and forceps before each new nodul e.
Snears of nore nodul es can be nmade on additional slides in the
manner described. Mke two snears of the honol ogous culture

for controls.

Air dry and heat fix the snears.

Wth a Pasteur pipette, place a drop of RhlITC (rhodam ne gel)

(Appendi x 4) on the snmears. This elimnates nuch of the

background fluorescence normally caused by nodul e debris.

TAL 378 TAL 379
sSpeC. sir.
® - ﬂ-'l ® - Cz
N PR B n—t=® & -+—n
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Figure 11.1. Schene of nodule snmears for strain

identification by FA.

Before the rhodam ne gel dries, add 1 drop of FA solution and

allow to react in a npoisture-saturated chanber at room



tenperature. Incubate, rinse, wash, and dry the slides

foll owing the same procedures as described for the

determ nation of the FAtiter. After the smears have dri ed,
circle the smears with a fine permanent marker or dianond pen
on the reverse side of the slide. This will be helpful in

| ocating them under the m croscope.

Add sufficient nounting fluid, approximately 2 drops per slide
for 12 or nore smears. Place a long (4 cm coverslip over the
snears, taking care to exclude air bubbles. Observe the
preparations with a UV-m croscope under a 40x or 60x

obj ective. Also, observe under a 90x or 100x objective with

oi |l immersion.

If the m croscope is equipped with a phase contrast condenser,
first focus on the snear using incandescent |ight before
observing under UV light. This will greatly reduce the fading

of the snear through prol onged exposure to ultraviolet |ight.

A strong positive reaction is indicated by brilliant yell ow
green fluorescence of the smear on a dark purple background.
No cells will be visible (i.e., no fluorescence) if the
specific strain is not present on the smear. A m xed
infection (a nodule containing both TAL 379 str and TAL 378
spc) is obvious when smears froma single nodule fluoresce
with the FA-stains of both strains.

Conpare results fromthis method with those of the other



met hod used.



Requi renment s

(a)

(b)

Fractionating serum gl obulin

Ri ngstand with three cl anps

Magnetic stirplate with a 12 mm (0.5 in) stirring bar
Centrifuge

Refri gerat or

Bal ance (for centrifuge tubes)

Burette

Graduated pipette 10 m

Two 5 m centrifuge tubes with caps

Beaker 250 ml with crushed ice

Cold 3.9 M anmonium sul fate sol ution

Saline (0.85% NaCl filtered through 20 imfilter)
Rabbit antiserum (15 nl)

Puri fying serum gl obul i ns

Col d-room or | arge refrigerator

Magnetic stirplate, 5-8 cm (2-3 in) stirring bar
Three 3 liter flasks or beakers

Two 1 m pipettes; one 10 m pipette

Test tube

Di al yzi ng tubing (20 cm

Sur gi cal gl oves

Six liters of saline adjusted to pH 8 with NaOH



(c)

(d)

Filtered saline

Merthiolate solution (filtered, 1%
Sat urated barium chl oride solution
Nessl er's reagent (optional)

Ganma gl obulins (final precipitate from/[a])

Deternmi ning the protein content of the dialysate

Spectrophot oneter; two cuvettes

Ei ght 15 m test tubes

Test tube rack

Pipette (5 mM) two 1 nl pipettes
Distilled water

Filtered saline

Vial for dialysate

Bovi ne serum al bumin solution (20 ng m %)
Di al yzed gl obulin solution from (b)

Bi uret reagents

Conjugating the globulins with fluorescent dye

Anal ytical bal ance, spatula, weighing paper
Magnetic stirplate; 12 mm (0.5 in) stirring bar
Ring stand with two cl anps

pH meter

Two 50 m beakers; parafilmor foil for covering

Two 10 ml pipettes, 1 m pipettes



(e)

Mert hiolate solution (1% and filtered)

Sodi um phosphate buffer 0.15 M pH 9 (Appendi x 4)
Sodi um phosphate buffer 0.1 M pH 8 (Appendi x 4)

Fl uorescein isothi ocyanate (FITC) (Signa Cheni cal
Conpany, P.O. Box 14508, St. Louis, MO 63178, USA)
Phosphat e buffered saline (PBS) (Appendix 4)

Sodi um hydr oxi de solution, 0.1 N

Rabbit gammm gl obulin from (c)

Purifying the FA

Suction punp or Aspirator

Refrigerator, freezer

Centrifuge

Bal ance for centrifuge tubes

Two centrifuge tubes with caps

Chr omat ogr aphy col um (approximtely 2.5 cmx 20 cm

G ass woo

Past eur pipette with rubber bulb

Erl enneyer flask, 1 liter with screw cap (or |arge gl ass
bottl e)

G ass beaker (50-100 m)

Two liter reservoir for PBS with connecting tubing and
pl ug for col um

Phosphate buffered saline, 2 liters containing 0.01%
Mert hi ol ate

Sephadex G 25-150 (or G 25-300) (Sigma Chem cal Conpany)



Distilled Water

Car bowax (pol yethyl ene glycol)

Di al yzi ng tubing

Mermbrane filter unit with filter of 0.45 m pore size
Screw cap vials for storage of FA

FI TC conjugate from (d)

(f) Testing the quality of the FA

UV M croscope (instrunent with epifluorescence condensor
pr ef er abl e)

Transfer | oop, flane

M croscope slides, cover slips, nounting fluid

| ncubati on chanbers

Ri nsing tank containing PBS; rinsing tank containing
distilled water

Wash bottl e containing PBS, wash bottle containing
distilled water

Supply of PBS (2 liters)

Test tubes, rack

Past eur pipettes, rubber bal

Young cultures of B. japonicumstrains TAL 378 and TAL
379

FA from (e)

(g) Typing nodul es using the FA technique



UV m croscope (instrunent with epifluorescence condenser
pr ef er abl e)

M croscope slides, cover slips (long), nounting fluid,

i mer si on oi

| nocul ati on | oop, flanme, forceps, scal pel

| ncubati on chanbers, rinsing tanks as in (f)

Nodul es containing TAL 378 spc and TAL 379 str (Chapter
12)

Pure cul tures of TAL 378 and TAL 379

FA of TAL 379 and TAL 378 (diluted for use)

Rhodani ne gel (optional)



EXERCI SE 12

TO DEVELOP ANTI Bl OTI C RESI STANT RHI ZOBI A

Rhi zobi a bearing genetic markers are obtained through a nass
sel ection technique. Bacterial strains contain small nunbers
of naturally occurring nmutants which are resistant to high
concentrations of certain antibiotics. This resistance may be

used for the recognition of rhizobial strains.

Key steps/objectives

1) Cul ture rhizobia in YM broth

2) Prepare YMA plates containing antibiotics

3) Spread selected culture(s) onto appropriate antibiotic
and non-anti biotic plates

4) Check for natural resistance

5) Transfer resistant colonies to YMA slants

6) Culture resistant isolates in YM broth

7) Spread broth culture(s) resistant to streptonmycin onto
pl ates contai ning spectinomycin (and vice versa)

8) Transfer double resistant nutants to YMA slants. Confirm
resi stance to streptomycin and spectinonmycin; streak onto
pl ates containing both antibiotics

9) Confirmretention of synbiotic effectiveness of resistant

strain



(a) Culturing selected strains

(Key step 1)

Sel ect strains for the devel opment of antibiotic resistant
mut ants. Culture the strains in duplicate flasks containing
50 M YM broth. Place on a shaker for 3-7 days according to

the gromth rates of the strains chosen.

(b) Preparing YMA plates containing antibiotics

(Key step 2)

Prepare a stock solution of streptonycin (str) with a
concentration of 4 mg m ' (Appendix 3). Filter sterilize 5 ni
of the stock through a sterile mlIlipore filter of 0.20

m cron pore size. Add the filtrate to 500 m of YMA (in a 1
liter Erlenneyer flask) kept nolten in a water bath at 50°C.
M x well, but avoid vigorous shaking to mninm ze the formation
of air bubbles. Return the flasks to the water bath for 10
mnto re-equilibrate the tenperature and to allow the air
bubbl es to dissipate fromthe agar. Pour the plates. These

plates will have streptonycin 40 ig m ' agar.
Simlarly prepare plates containing 250 ig m ' of
spectinomycin (spc) froma stock solution containing 25 nmg m *

(Appendi x 3).

Al so prepare YMA plates containing a nmixture of both the



antibiotics in the above concentrations for use in the

selection of rhizobia with resistance to two anti biotics.

Prepare an equal number of YMA plates w thout antibiotics.

Al'l the plates nmay be stored under refrigeration.

(c) Selecting spontaneous nutants with resistance to one
antibiotic

(Key step 3,4, and 5)

Spread 0.1 nml of each broth culture on plates containing (a)
no additives; (b) streptonycin (40 ig m % and (c)
spectinomycin (250 ig m™%).

The growth rates of rhizobial strains may be retarded in the
presence of antibiotics. Prepare to incubate up to 12 days

but check for emerging colonies everyday after day 5.

The plates of treatnment (a) which contain no antibiotics

shoul d have abundant rhizobial grow h.

The plates of treatnment (b) and (c) should have very little
growth conpared with treatnment (a). Not nore than 30
resi stant col onies are expected since the rate of nutation is

1in 10°to 1 in 10" with nost strains of rhizobia.

Pick four colonies each fromtreatnments (b) and (c) and



transfer to separate YMA slants (containing no antibiotics) in
culture tubes. Incubate at 25-30°C for 5-9 days, then store
at 4°C. These four isolates nust be kept separate till the

end of the selection process.

Confirmthe antibiotic resistance of str and spc isol ates.
Streak the nmutants on YMA containing antibiotics and on a
control plate containing plain YMA. [|ncubate at 25-30°C for

5-9 days.

(d) Selecting strains of rhizobia with resistance to two
antibiotics

(Key steps 6, 7, and 8)

To devel op strains resistant to both streptonycin and
spectinonycin, spread a 0.1 m broth culture of a spc mnutant
on a plate containing streptonmycin (in a simlar manner, a str
mut ant shoul d be spread on YMA contai ni ng spectinonmycin).

| ncubate at 25-30°C for 5-9 days.

Check for growth of colonies on the plates containing
antibiotics. Again, because of a simlar nutation rate as
with resistance to one antibiotic, no nore than 30 col oni es of
spont aneous nutants with double resistance (str xspc) are

expect ed.

Transfer four of these colonies to YMA slants (containing no



antibiotics) in culture tubes, incubate, and store. Confirm
resistance to both antibiotics by streaking on plates
containing both streptonycin (40 ig m ') and spectinomycin
(250 ig m ') and on control plates of plain YMA. |ncubate at

25-30°C and conpare growth on antibiotic and control plates.

Streptonycin, spectinonmycin and streptonycin-specti nomycin
resistant strains usually retain their N-fixing capability.
Mut ant strains should be conpared with their parent strain in
a symbiotic effectiveness test as described in Chapter 20
prior to use in ecological experinments. To be useful, mnutant
strains should not show significant differences in Nx-fixation

fromthe parent strain.



Requi renment s

(a) Culturing selected strains

Transfer hood, incubator and shaker

Bunsen bur ner

| nocul ati on | oop

Two flasks, 150 ml, containing 30 m YM broth each

Cul ture of rhizobia

(b) Preparing YMA plates containing antibiotics

Filled water bath adjusted to 50°C

Suction punp or aspirator with noisture trap

Two sterile filter sterilizing units with sterile

mllipore filter (0.20 m cron)

Three 10 ml pipettes

Wash bottle with distilled water

St ock solution of streptonycin (4 ng m 1)

St ock sol ution of spectinonycin (250 nmg m %)

Sterile molten YMA, 31|, in three 2 | or six 10 |
Erl enneyer fl asks

Petri di shes, sterile

(c) Selecting spontaneous nutants with resistance to one

anti biotic



| ncubat or, bunsen burner, transfer |oop, small beaker of
al cohol

YMA pl ates containing streptonycin (40 ig m ™)

YMA pl ates contai ning spectinomycin (250 ig m ™)

YMA pl at es

Spr eadi ng stick

Broth culture

Six YMA slants in culture tubes

Graduated pipette, 1 m

(d) Selecting strains of rhizobia with rmultiple antibiotic

resi st ance

Transfer or |am nar flow hood, tools and incubator as in
(c)

Anti biotic stock solutions and YMA plates as in (c)

Si x YMA sl ants

Mut ant broth inoculumresistant to streptomycin

Mut ant broth inoculumresistant to spectinomycin

Al cohol , spreading stick



EXERCI SE 13

TO | DENTI FY ANTI Bl OTI C- RESI STANT MARKED STRAINS OF RHI ZOBI A I N
NODULES

Anti biotic resistant marked strains of rhizobia nay be
identified by their ability to grow on nedia contai ning
antibiotics. The antibiotic marker technique is applied in
ecol ogi cal studies where strain identification is not possible
by serol ogy due to cross reactions of the strains, or because
of unavailability of antisera. Antibiotic markers al so

provi de useful confirmatory data.

Key steps/objectives

1) Set aside inocul ated soybean plants (from Exerci se 8)

2) Prepare antibiotic plates for nodul e typing

3) Har vest soybean plants; clean, trim and sterilize roots;
t ype nodul es

4) Read results

5) Conpare results to those obtained by the serol ogical

nmet hods (Exercise 9 and 10)

(a) Culturing plants inoculated with antibiotic resistant
mar ked strain(s) of Rhizobium

(Key step 1)



Soybean plants which have been set up for Exercise 8 will also
be used in this exercise. They have been inocul at ed
separately with TAL 379 str, TAL 378 spc, and a m xture of TAL
379 str and TAL 378 spc.

Obtain the viable cell counts of the inocula as determ ned in

Exerci se 4.

(b) Preparing YMA containing antibiotics for nodul e typing

(Key step 2)

Prepare plates containing: a) streptomycin (40 ig m ™' YMA): b)
spectinomycin (250 ig m ™' YMA): and c) plain YMA as in

Exerci se 12.

Draw a grid pattern on the bottom of each plate. Draw
approxi mately 20 squares, each of which can be individually
identified by letter and nunber (Figure 13.1). Squares wth
i dentical nunber and | etter conbinations on each of the three

pl ates are neant to correspond to the sanme nodul e.

(c) Typing nodul es using antibiotic resistant markers.

(Key step 3)

Harvest one of each inoculation treatnent from Leonard jars,

saved from Exerci se 8.
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Figure 13.1. Plate with grid pattern for nodul e

identification by anti biotic resistance.
Det ach and surface sterilize nodules as in Exercise 1.

Pick up one nodule with a pair of sterile, blunt-tipped
forceps. Wiile holding the nodule between the tips of the
forceps, apply just enough pressure until the m | ky nodule
content energes. Spread this nodule material within its

allotted square of the grid pattern on each pl ate.

| nocul ate the plain YMA plate last to check for sufficiency of
nodul e i noculum Process at | east 20 nodules from each
replication in this way. Flanme forceps thoroughly between

fresh nodul es.

Alternatively, sterile toothpicks or pins may be used to



transfer bacteroids fromthe nodules to the plates. This

nmet hod i s especially useful for smaller nodul es.

I n anot her method, all non-nodul ated excess root material is
trinmmed off with a pair of scissors and discarded. The

tri nmed nodul ated part of the root is then sterilized and

pl aced onto sterile filter paper in a sterile Petri dish. A
sketch is made of the nodul ated root systemon a record sheet
and the nodul es assigned reference nunbers. The nodul es are
t hen detached with sterile forceps, one at a tine, and
processed as descri bed above, starting with the first nodul e
on the upper part of the root. In this way it is possible to
identify not only which nodules on the plants were formed by
the introduced, marked strain but also the specific |ocation

and distribution of those nodules in the root system

| ncubate the plates at 25-30°C and nmake daily observati ons.
Some contam nants (bacteria & fungi) may be resistant to the
| evel s of spc and str used. Therefore, if the nodul es have
not been properly surface sterilized, these contam nants may

appear on the plates earlier than the rhizobia.

(d) Interpreting the gromth patterns

(Key steps 4 and 5)

Five to 8 days after inoculation, inspect the plates for signs

of growth. Since corresponding squares on the three different



pl ates have been inoculated with bacteroids fromthe sane

nodul e, it should now be possible to determ ne which strain or

strains occupi ed the nodul e by the presence and absence of

growth (Figure 13.2).

Conpare the results fromthis exercise with those obtained in
the identification by the agglutination nmethod (Exercise 8)

and the gel inmunodiffusion nmethod (Exercise 9).

Plain YMA YMA + str. YMA + spc.
c|d]e c|ld] e c|d]|e
3 [0 <R & 3 |35 3 K4
4 18| | 4 3|8
5 |82 62| %% 50 |93 s 10 |
Treatment/Observation Interpretation
3dc, 3d, 5d Streptomycin resistant strain
3e, 4d, 5c, 5e Spectinomycin resistant strain
4 Double or mixed infection
de Anomalous: re-streaked on antibiotic

plates from plain medium

Figure 13.2. Interpreting growth patterns on antibiotic

Pl at es.



Requi renment s

(a)

(b)

(c)

Culturing plants with antibiotic resistant marked strains

of B. japonicum

Leonard jar with 2 soybean plants inoculated with TAL 379
str

Leonard jar with 2 soybean plants inoculated with TAL 378
spc

Leonard jar with 2 soybean plants inoculated with a

m xture of TAL 379 str and TAL 378 spc

Preparing YMA containing antibiotics for nodul e typing

(Exercise 12)

Pl ates containing YMA + streptonycin (40 ig m ™)
Pl ates containing YMA + spectinonycin (250 ig m ™)
YMA pl at es

Felt pen with permanent ink, ruler

Typi ng nodul es through the use of antibiotic resistant

strains of B. japonicum

| ncubat or (25-30°C)
Requirements for sterilizing nodul es (Appendi x 10)
Soybean plants listed in (a)

Runni ng wat er



(d)

Sci ssors, forceps (2)
Pl ates prepared in (b)
Optional: sterile toothpicks or pins

I nterpreting the growh patterns

| nocul ated plates from (c)



EXERCI SE 14

TO I DENTI FY RHI ZOBI UM USI NG PHAGES

Bact eri ophages of rhizobia (rhizobi ophages) are isolated from
the soil and used for identifying rhizobia. Strains of

rhi zobia vary in their resistance to rhizobi ophages. The
different patterns of susceptibility which result from
exposure to a range of phages are used for strain

identification.

Key steps/objectives

1) Col l ect soil sanples fromvarious soybean fields

2) | nocul ate YM broth with TAL 379

3) | nocul ate broth cultures of TAL 379 with soil from
soybean fields

4) Filter broth cultures

5) Enri ch phage suspensions by filtration

6) Assay filtrates for phage concentrations

7) | nocul ate YM broth with rhizobial strains (Ato F) to be
typed

8) Spr ead- pl ate rhizobial suspensions and spot phages

9) | nspect plates for phage form ng units (PFUs) and

tabul ate results

(a) Isolating bacteriophages



(Key steps 1, 2, 3, 4, and 5)

Col l ect soil sanples fromsites where soybeans are grow ng or
have been grown. Obtain the soil fromthe rhizosphere of

i ndi vidual plants. Include some root material and, if
possi bl e, nodules. Collect sanples fromeight |ocations. MXx

each soil thoroughly and store the sanples at 4°C until use.

Si xteen 250 nml flasks, each containing 100 m sterile YM
broth, are required for each soil sample. Inoculate the
flasks with B. japonicum strain of choice (eg. TAL 379) in
bat ches of four, with a lag period of 1 day between each
batch. This will provide cultures in the exponential growth
phase when needed for subsequent phage inoculation. |ncubate

cultures on a rotary shaker at 25° 30°C.

VWhen the first batch of cultures has reached its exponenti al
phase of growth (2-4 days after inoculation), add 1 gram of
soil to each flask of batch one. Mke sure that each flask is
i noculated with soil froma different |ocation. |Incubate for

18-20 h at 25-30°C.

Rermove cells and soil by centrifugation (10,000 x g for 15
mn) and filter the supernatant through a sterilized menbrane
filter (0.20 im. This filtrate contains the rhizobiophages
whi ch are small enough to pass through the filter. Add 10 ni
of each filtrate to a fresh culture (second batch) of the same

strain of rhizobia, incubate on a shaker for 18-20 h and again



centrifuge and filter. Repeat this procedure two nore tines,
making certain that the filtrate is matched to the

correspondi ng cul ture.

The turbidity in the bacterial cultures should di mnish
noticeably 8-10 h after the addition of the phage filtrate.
The last filtrate is the phage suspension and should contain
10°-10° phage particles. Dispense the filtrate into 20 m

t ubes, add four drops of chloroformand store in the

refrigerator at 4°C

(b) Assaying for phage by the overlay nethod
(Key step 6)

Make tenfold serial dilutions of the phage filtrates in
phosphate buffered saline (PBS at pH 7.1, Appendix 5). Add
0.1 mM of each dilution to tubes containing 2.5 mM nelted YMA
kept at 50°C in a water bath. Stir in 0.5 nm of a fresh
culture of TAL 379 and i mmedi ately pour the YMA m xture over
pl ates of MNA and distribute evenly. Prepare controls with
only PBS and TAL 379 (no phage) added to agar and poured over
YMA plates. Allow plates to stand for 10-15 min. |Incubate
inverted plates for 24-72 h and | ook for plaques (small clear
zones). Count the plaques per plate. To calcul ate the nunber
of Plaque Forming Units (PFU) in 1 nl of the original
filtrate, multiply the nunber of plaques per plate by 10 and

by the dilution factor. |If 20 plaques were counted on a plate



containing a 10° dilution, the number of PFUs is 20 x 10 x 10°
=2 x 10" PFU/ .

(c) Characterizing rhizobia using phages

(Key steps 7, 8, and 9)

Because of the specificity of bacteriophages for their
bacterial hosts, each strain of bacterium exhibits a unique
pattern of susceptibility against a |large nunber of different
bacteri ophages. This unique pattern can be used to identify

(phage-type) the organisns of interest.

Sel ect several strains of B. japonicum and distinguish between
them by their susceptibility to a range of phages. Incubate
each strain in duplicate flasks of 50 mM M broth at 25-30°C

I ncl ude strains of B. japonicum TAL 379 and TAL 378.

After 5-9 days incubation, spread 0.1 m of each of the
cultures to be typed over a separate MNA plate with a sterile
gl ass spreader. Spot the surface of the bacterial lawn with a
smal | | oopful of each of the collected phage suspensions. The
| ocation of the spots should be marked on the back of the
plates. Allow the plates to stand for 10-15 mn, invert and

i ncubate for 24-48 h.

| nspect the plates for a clear zone where each of the phages

was spotted. Record presence (+) or absence (-) of plaques in



a table simlar to the exanple in Table 14.1.

The susceptibility of a rhizobial strain to a range of phages

can be regarded as its "fingerprint,"” enabling it to be

recogni zed in ecol ogical investigations.

Table 14.1. An exanple of results of Rhizobiumidentification

by phage typing.
Strains of Rhizobium

Phage A B C D E F TAL379

| sol ate
1 + 0 0 + + 0 +
2 O + + + O O +
3 O O + + O O +
4 + U 0 U + U +
5 + l + 0 + 0 +
6 + + + [l O + +
7 O O + O + + +
8 U U il + + + U

*A, B, C, D, E and F are B. japonicumisolates from nodul es of
soybean



Requi renment s

(a)

(b)

| sol ati ng bacteri ophages

Refrigerator, rotary shaker, centrifuge bal ance
Desiccator, centrifuge tubes (50 m), rack, pipettes (10
)

Mermbrane filter units, sterile with MIlipore filters of
0.20 im pore size

Soil sanples (from four |ocations where inocul ated
soybeans are/were grown)

Di ggi ng tools, plastic bags

Erl enneyer flasks, 150 ml, containing 50 m M\ broth each
Transfer | oop, flane

Chl orof orm sol ution (1%

Slant culture of B. japonicum (TAL 379)

Assayi ng for phage by the overlay nethod

| ncubator, water bath, rotary shaker

PBS (pH 7. 1)

Pi pettes, 1 m

Tubes containing 2.5 m liquid YMA (50°C)
Pl ates of M\A

Phage filtrates from (a)

Broth cul tures of TAL 379



(c)

Characterizing rhizobia using phages

| nocul ati on | oop, flane

Pipettes (1 m)

Spr eader s

Erl enneyer flasks of 125 m containing 50 m MNA
MNA pl at es

Slant cultures of a range of B. japonicum strains
including strain B. japonicumstrain TAL 379)

Phage isolates from (a) as well as others if avail able.
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SECTION C

RHI ZOBI UM STRAI' N SELECTI ON | NTRODUCTI ON

After rhizobial strains have been isolated from nodul es, they
must be evaluated for their ability to form nodules and fix
nitrogen with targeted | egunes. The source of rhizobial
strains for a strain selection program can range from | ocal
isolates, to strains already tested in other parts of the
region or country, to cultures fromvarious overseas
collections. Prelimnary screening is perforned in the
greenhouse, where nunmerous strains can be tested on several
host varieties. |If the inoculated plants form nodul es and
produce healthy green | eaves when grown in nitrogen-free
media, it can be assunmed that an effective synbiosis has been
establi shed. Rhizobia selected in greenhouse trials, where
conditions are usually optimal, nust then be evaluated in the
field. Rhizobia which adapt to the agrononm ¢ conditions under
whi ch the host |egunmes will be cultivated and which enhance
crop production through nitrogen fixation can then be sel ected

for inocul ant production.

The | egune-rhizobial synbiosis exhibits widely differing
degrees of specificity. In sone instances, the synbiosis is
hi ghly specific in that a particul ar species or strain of
Rhi zobi um or Bradyr hi zobi um can form an effective synbiotic

association with only one particular | egune species or



variety. The tenperate |egunmes Trifolium Cicer, Phaseol us,
Medi cago and tropical species |like dycine max, Leucaena, and
Lotononis are in this category. There are also internediate
cases which exhibit varying degrees of cross-inoculation
capability as in Centrosemn, Phaseolus acutifolius, P.

| unat us, sonme Desnodi um spp. and Acacia spp. At the opposite
extreme are the prom scuous associations, in which diverse

| egumres may be infected by one or nore of several rhizobia.
This condition is nore prevalent in the tropical |egunes than
in the tenperate species. Because the earlier studies of
synbiotic nitrogen fixation were initiated in tenperate
regions, the taxonony of the genera Rhi zobi um and

Br adyr hi zobi um were based on a host-dependent classification
system whi ch enphasi zes tenperate associations (see Section
A). A large nunber of tropical rhizobia which form synbiotic
associ ations with Vigna, Mcroptilium Arachis, Cajanus,

Labl ab, and ot her genera of |egumes are sinply | abelled as the

"cowpea m scell any" or Bradyrhizobi um spp.

In some cases it is desirable to select a strain for a w de
range of hosts. An exanple would be the Bradyrhizobium sp
(CB756; TAL 309) isolated fromthe nodul e of Macrotyl oma
africanum This strain effectively nodul ates approximately 40
of the prom scuous tropical |egunmes. This " broad-spectrum
strain' characteristic would be advantageous if this superior
strain of Bradyrhizobiumsp. were to be introduced to

| ocati ons where those diverse | egunes are to be grown. 1In a



different situation, it m ght be advisable to work with a very
specific synmbiosis to ensure infection by a particul ar

i nocul ant strain that conpetes with native soil rhizobia. Due
to these and ot her considerations, characterizing rhizobi al
associ ations is of utnost inportance when a |egune cultivar is
bei ng devel oped t hrough breedi ng or when a | egunme is being

i ntroduced into a new environnment.

Field evaluation of effective rhizobia is critical because the
synbi osis may be affected by a nunmber of environnental factors
di scussed earlier. The ability of an inoculant strain to
persist in a particular environment, while in sonme cases
conpeting agai nst a resident soil population of rhizobia, is
of critical inportance. A conbination of the above factors
shoul d be anticipated in the selection process to ensure good
performance at different geographical |ocations. The task of

i ntroduci ng superior strains into soils that are already

i nhabited by effective rhizobia is difficult, and eval uation

nmet hods are an inportant key to success.

Fi nal evaluation of the synmbiosis will be based on several
measur abl e parameters. Short termtrials with Leonard jars or
sterile sand culture pots can provide an adequate basis for
gross conparison of strains. The shoot dry wei ght of plants
harvested at floral initiation or after significant plant

bi omass accunul ation is the generally accepted criterion for

ni trogen-fixing effectiveness, but nodule dry weight may al so



be enpl oyed. Nodul e nunber is a less reliable indicator of
strain effectiveness. The measurenent of activity in the
nodul es by the nitrogen-fixing enzyne, nitrogenase, may al so
be done. This is acconplished by neans of the acetyl ene
reducti on assay, which is a neasure of ethylene production and
i ndi cates nitrogenase activity. However, the results of this
assay should not be used to conclude on the actual anounts of
nitrogen fixed. This assay requires the availability of a gas
chromat ograph and ot her rather sophisticated equi pmrent and
materials. Total nitrogen accurulation in the shoot can be
nmeasured by the Kjeldahl method. Since total nitrogen content
and nodul e dry weight frequently correlate well with shoot dry
wei ght, the latter parameter provides an acceptabl e basis for
strain conparison. The final proof of inoculation response
must cone fromthe field when the seed and nitrogen yields at
harvest are determ ned for grain | egumes or fromthe dry

mat t er production for forage | egunes.



EXERCI SE 15

TO TEST FOR GENETI C COVPATI BI LI TY BETWEEN RHI ZOBI A AND LEGUMES

Specificity and prom scuity in the synbioses are studied in
cross-inocul ati on experinents. The specific requirenents of

certain | egunes for particular rhizobia are denonstrated.

Key st eps/objectives:

1) Cul ture strains of rhizobia

2) Prepare seedling-agar tubes and Leonard jars

3) Prepare wat er-agar plates

4) Sel ect, surface sterilize, and gern nate seeds

5) Pl ant pregerm nated seeds in seedling-agar tubes and
Leonard jars

6) Thin seedlings in Leonard jars

7) | nocul ate seedlings in Leonard jars and tubes

8) Make periodi c observati ons of nodul ati on

9) Harvest after 5 weeks

10) Evaluate results

(a) Culturing strains of rhizobia

(Key step 1)

Cul ture each of the Rhizobium spp. and Bradyrhi zobi um spp.
listed in Table 15.1 in 100 M of YMbroth in 250 m



Erl enneyer fl asks.
(b) Preparing seedling-agar tubes and Leonard jars

(Key step 2)

Prepare 54 seedling-agar slants in 22 x 250 nmtubes. The
conposition of the seedling-agar is detailed in Appendix 3 and
its preparation in Appendix 7. A sinple set-up for dispensing
the nelted agar into the tubes is illustrated in Appendix 7

(Figure A .9).

Set up 108 Leonard jars as explained in Appendix 11.
Ni trogen-free nutrient solution for use in Leonard jars is of

simlar conposition as that used for making seedling-agar.

Table 15.1. Strains of Rhizobium and hosts according to

cross-inocul ati on groups

TAL No. Rhi zobi al speci es Host | egune
169 Bradyr hi zobi um sp. Macroptilium
atropur pureum (siratro)
169 B. sp. Vi gna ungui cul at a
(cowpea)
182 R 1. bv. phaseoli Phaseol us vul garis (bean)
379 B. japonicum d yci ne max (soybean)
380 R nmeliloti Medi cago spp. (alfalfa,
sweet cl over)
382 RI1. bv. trifolili Trifoliumspp. (clover)
1145 R. sp. (Leucaena) Leucaena sp.
620 R. sp. (Cicer arietinum C. arietinum (chickpea)
634 R 1. bv. viceae Lens culinaris (lentil)




Each treatnent (rhizobial species-|egune host conbination and
controls) in this exercise will be done in duplicate. Refer
to Table 15.2 for the treatnments and the various conbinations

to test genetic conpatibility between rhizobia and | egunes.

(c) Preparing germ nation plates

(Key step 3)

Make 300 m of 0.75% (w v) water-agar in a 500 m flask and
sterilize. Pour 25 m of nmelted water-agar into 12 or nore
Petri dishes and allow to cool. Surface sterilized seeds will

be pregerm nated in these pl ates.

(d) Surface sterilizing seeds

(Key step 4)

Check percentage germ nation of each |egume species in advance
of experinment. Batches of seeds with nmore than 70% viability
will be suitable. Select undamaged seeds for uniformty in
size and color. Surface sterilize enough seeds (at |east 200

of each species) to give at |east 100 germ nated seeds.

Surface sterilize the seeds (Appendix 10) by imrersion in a 3%
sodi um hypochl orite solution for 3-5 min. (To prepare 3%

sodi um hypochl orite solution, add 10 parts of comrerci al



bl each [5.25% sodi um hypochlorite] to 7.5 parts of water.)

Hard seed-coated species (e.g., leucaena, siratro) are
scarified and sterilized sinmultaneously by imersion for 10
mn in concentrated sulfuric acid. Drain off all excess acid
prior to rinsing with sterile water. (If acid is used, the
first rinse should be done quickly to prevent | oss of
viability of the seeds caused by the heat generated when water

is added to the acid.)

Ri nse seeds with six to eight changes of sterile water after
surface sterilization. Allow the seeds to inbibe water by
soaking for 1 h and then rinse twice. Transfer the seeds

aseptically to agar plates with a spoon-shaped spatul a.

Each batch of 100 seeds shoul d be di spensed evenly in two or
nore (dependi ng on seed size) water-agar plates and incubated
at 25-30°C. (The | arge-seeded species, e.g., Phaseol us and
Cicer may need nore water-agar plates.) Invert the plates
containing the small -seeded species to provide straight
radicles that are nuch easier to handle in later steps of the

exerci se.

(e) Planting and inocul ating

(Key steps 5, 6, and 7)

Soybean, cowpea, bean, chickpea, lentil, and | eucaena seeds



will be planted in Leonard jars. WMake three well-spaced hol es
in the rooting mediumto a depth that will accommodate the
pregermnm nated seeds 1 cm below the surface. Pick up well

germ nated seeds with sterile forceps and place one seed in
each hole with the radicle entering first. (Proper
orientation of the radicle during planting is inportant to
ensure proper enmergence of the shoot and establishnment of the
seedling.) After placenent of the seed, inoculate (1 m per
seed) with the rhizobial culture and cover the hole with the
rooting medium If vermculite is used as the rooting nedium
autoclaving will cause swelling and | ooseni ng of the

verm culite. This |eads to poor anchorage of the root.
Therefore, gentle conpacting of the vermculite will be

requi red before planting/sowing of the seeds. Firmness of the
rooting medi um can be restored by pressing it down with the

bottom (sterilized by flam ng) of a 125 m Erl enneyer fl ask.

After planting and inoculation are conpl eted, add sterile
gravel over the surface of the rooting medium Set up 18 jars

for each speci es.

Siratro, clover, and alfalfa will be cultured on agar slants
in tubes. Select and plant one seedling on the agar surface.
Cbserve the usual aseptic precautions, taking care to
sterilize the hands with 70% al cohol, flane sterilizing the

i nocul ating | oop and mouth of the tube etc. when transferring

the seedling. Using an inoculating | oop, pick up the



pregernm nated seedlings and transfer theminto the tubes. The
seedling radicles should be 0.5-1.0 cmlong and strai ght.
After planting, tubes should be kept in a slant position for
the radicles to adhere to the agar surface for at |east 2 h.

Di spense 1 ml of culture over the roots of the seedlings in
the agar slants. Use a fresh pipette for each new rhizobi al
species or strain. Alum numfoil wapped around the | ower
part of the tubes will shield the roots fromlight and heat.
Seedl i ng- agar tubes need to be placed in suitable wooden racks
and kept in a growth chanmber (environmental growth chamber or
in a tenperature controll ed greenhouse) for proper seedling

devel opnent .

Thin plants in the Leonard jars to two uniform plants per jar
after 5 days. Excise the shoot of the unwanted pl ant
aseptically using scissors. Avoid disturbing the rooting
medi um during thinning. To facilitate proper inocul ation,
carefully clear (with a sterile glass rod) the rooting nmedi um
around the root of the plant, to a depth of 1 cm Dispense
drops of rhizobial culture (totaling 1 m) into the cleared
area around the root. Dispense 1 nml of rhizobia culture over
the roots of the seedlings in the agar slants. Use a fresh

pi pette for each strain of rhizobia. Place the inocul ated

jars on the benches in the green house.

(f) Observing periodically and harvesting

(Key steps 8 and 9)



Exam ne the plants over a period of 5 weeks. Note col or and
growth. Replenish tubes and Leonard jars with sterile water
as required. At the end of the fifth week, excise the tops
and determne their dry weight (dry for 48 h at 70°C). Renove
roots fromthe jars and tubes and wash them free of rooting
medi um  Where nodul es are present, descri be nodul e shape,

size, pigmentation, and distribution.

(g) Evaluating the experinent

(Key step 10)

Not e cross-inocul ati on groups as recorded in Table 15.2 and
the ineffectiveness and effectiveness of each rhizobi al

speci es-| egune conbi nation. Effectiveness will be apparent
fromthe green coloration of the plant and abundant nodul es

that are red/pink when sliced open.



Tabl e 15.2. For recording presence (+) or absence (-) of

nodul es in each rhizobia/legune conbination.

Legune
Rhi zobi a

soybean
cowpea
bean
| enti
| eucaena
chi ckpea
alfalfa
clover
siratro

B. japoni cum
TAL 379

Br adyr hi zobi um

sp.
TAL 169

R |. bv.
phaseol
TAL 182

R. 1. bv.
Vi ceae
TAL 634

Rhi zobi um sp.
(l eucaena) TAL
1145

Rhi zobi um sp.
(chi ckpea) TAL
620

R. nelil ot
TAL 380

R 1. bv.
trifolii
TAL 382

Uni nocul at ed




Requi renment s

(a)

(b)

(c)

(d)

Cul turing strains of rhizobia

Sl ant cultures of rhizobia

YM broth in fl asks

Prepari ng seedl i ng-agar tubes and Leonard jars

Seedl i ng- agar sl ants

Leonard jars

Preparing nedia for germ nation

Agar - powder, Petri dishes, 500 nml fl asks

Bal ance

Surface-sterilizing seeds

Seeds of cowpea, bean, soybean, alfalfa, clover,

| eucaena, siratro, chickpea, and lentils

3% sodi um hypochlorite solution or other sterilants
(Appendi x 10)

Concentrated sul furic acid

Sterile water

Sterile flasks or beakers

| ncubat or



(e)

(f)

Pl anti ng and inocul ati ng

Preger m nat ed seeds of the various species

Leonard jars

Seedl i ng- agar sl ants, wooden racks, growth chanber
Al um num f oi |

Al cohol , forceps

Sterile pipettes (1 m), cultures of rhizobia

Cbserving periodically and harvesting

Sterile water
Sci ssors, paper bags or envel opes
Dryi ng oven (70°C)

Scal pel s or razor bl ades



EXERCI SE 16

TO SCREEN RHI ZOBI A FOR NI TROGEN FI XATI ON POTENTI AL

The nitrogen fixation potential of a number of strains of pure
cul tures of Bradyrhizobium japonicumin synbiotic association
with soybean is conpared. The npst effective strains in this

exercise will be conpared later in potted field soil.

Key steps/objectives

1) Prepare Leonard jars

2) Cul ture rhizobia

3) Prepare wat er-agar plates

4) Sterilize and plate seeds for germ nation

5) Pl ant and i nocul ate seedlings in Leonard jars
6) Cbserve progress of experiment

7) Har vest experi nment

8) Anal yze data

(a) Experinmental design and treatnents

The experinment is set up as a Random zed Conpl ete Bl ock Design
(RCBD) with three blocks or replications (Figure 16.1). There
are 14 inoculation treatnents, a plus-nitrogen control with no
i nocul ation, and a non-inocul ated control with no nitrogen.

The plus-nitrogen control will contain 70 ppm N applied as a



0. 05% KNO; (W v) solution. The nitrogen is added to the
nutrient solution in the reservoir of the Leonard jar

assenbl y.

(b) Preparing Leonard jars

(Key step 1)

A total of 48 Leonard jar assenblies will be required.

Prepare the jars as explained in Appendix 11.

(c) Culturing the rhizobia

(Key step 2)

Each of the 14 strains of B. japonicumto be evaluated is
cultured for 5-7 days prior to planting. G ow the rhizobia in
100 m Erl ennmeyer flasks containing 20 m of yeast-mannitol
broth. [Incubate these at room tenperature (25-30°C) on a
rotary

shaker for 5-7 days.

(d) Surface-sterilizing the seeds

(Key step 3 and 4)

Check the germ nation (percentage viability) of the soybean
seeds and surface sterilize a sufficient nunber of uniform
undamaged seeds to give about 200 germ nated seeds. Sterilize

by imrersing seeds in 3% sodi um hypochlorite solution for 3-5



m nutes as described in Appendix 10. Germnate the seeds by
plating on sterile water- agar (0.75% [w v]) and incubate at

room
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Figure 16.1. An exanple of a random zed conpl ete bl ock design

experi ment.



tenperature (25-30°C) until the radicles are 0.5 - 1.0 cm

l ong. Avoid overcrowdi ng agar plates with the seeds.
(Contact between seeds in an overcrowded plate increases the
ri sk of cross-contamnation froma partially sterilized seed
to nei ghboring seeds. Uncrowded pl ates [approximtely 25-30
seeds] produce nmore uniformand better germ nation due to

better availability of npisture.)

(e) Planting and inocul ating of seeds

(Key step 5 and 6)

Foll ow the nethod for planting and inocul ati ng the seeds
described in Exercise 15. Plant three, well-germ nated seeds
in each jar. Plant three jars per treatnent. Label the jars
and indicate block (replicate) assignment. G oup the
treatments according to bl ock assignnent and keep them

separ at ed.

Rermove all Leonard jars of Block | to the growh room (or
gl asshouse) bench. Random ze the placenent of the jars within

Bl ock 1.

Simlarly random ze the placenent of the Leonard jars of Bl ock

|1 and Block I11.



Make daily observation of the experinment. Five to ten days
after planting, thin to two uniform plants per jar. Begin by
t hi nning down the controls first. Excise the shoot of the
unwanted plant with sterilized scissors. Bear in mnd that
growi ng conditions such as tenperature and light intensity
during this experinent nust be in the range to which the
speci es are adapted. Excessive tenperatures are particularly
damagi ng and can severely inpair the infection process, nodule

devel opnent, and nodul e functi on.

Pl ants may "green-up" gradually at the time that nodul es begin
to function, delivering fixed nitrogen for plant netabolism
Plants inoculated with ineffective strains of rhizobia, and
al so the uninoculated controls, will remain yellow (chlorotic)

and st unt ed.

(f) Harvesting the plants
(Key step 7 and 8)

Harvest the plants after 30 days. To mnimze errors during
harvest, the stem should be cut at the point of cotyledon
attachnment. This point is marked by a scar on the stem

These scars are not visible in some species. The stem shoul d
then be cut at the level of the growth medium Place the

pl ant shoots in | abel ed paper bags. Dry to constant weight at
70°C for 2 days. Each bag should contain the plant shoots

fromonly one jar. (Paper envel opes may be substituted for



smal l er plants, e.g., Centrosemn, Trifolium Desnodium etc.)

Root s and adhering rooting nedium are dislodged into a coarse
sieve. Wash the rooting nediumfromthe roots using a gentle
stream of water. Describe the nodule distribution nentioned
in Appendix 1 (e.g., prolific tap-root nodul ati on; occasi onal
nodul es on lateral roots and distant fromthe tap-root; |arge
nunbers of small nodul es; small nunber of |arge nodul es).

Det ach the nodul es, count them determ ne their total fresh
wei ght, and place themin vials or alum num f oi

wei ghi ng- boats for drying. Dry the nodules to constant wei ght
at 70°C for 2 days. (Nodule harvest from each Leonard jar
must be treated individually as in the case of the shoots.)
Do not pool nodul es of the three replicates of any one

treatment into a single vial.

Determ ne dry wei ght of shoots and of nodules for al

treat nents.

Perform an anal ysis of variance on the dry weight data (shoots

and nodul es) using the nethod as described in Appendix 17.

Pl ot the mean shoot wei ght (Y-axis) against the mean nodul e
dry weight (X-axis). Determne the correlation coefficient
(r) of the plot and test the significance of r at the 5% and

1% | evel s of confidence.



Draw t he "best" regression |ine on your plot after determ ning

the regression equation for the regression |ine.

Shoot wei ght and nodul e wei ght are usually highly correl ated,
t hus shoot weight is used routinely as an indicator of
relative strain effectiveness.

Ot her paranmeters that are highly correlated with shoot wei ght
are total nitrogen of shoot and nodul e dry wei ght.

Ni t rogenase activity (acetyl ene reduction) nay not easily

correl ate unl ess done under very controlled conditions.



Requi renment s

(a) Experinmental design and treatnents

No special requirenments

(b) Preparing Leonard jars

48 Leonard jars

(c) Culturing the rhizobia for testing

Agar-slant cultures of B. japonicum

Yeast - manni tol broth

Shaker

(d) Surface-sterilizing the seeds

Soybean seeds

Sodi um hypochlorite solution (3% or commercial bleach

(Chl or ox)

Wat er agar pl ates

| ncubat or

(e) Planting and inocul ating of seeds

Broth cultures of B. japonicumfrom(c)



Preger m nat ed seeds

Sterile pipettes (1 m) or Pasteur pipettes
Al cohol | anp and mat ches

Forceps, glass rods, and al cohol spray bottle
0. 05% KNO; (w/ v) sol ution

Bench space in greenhouse

(f) Harvesting the plants

Sci ssors, paper envel opes or bags

Coarse sieve, vials or alum num foil weighing boats
Dryi ng oven (70°C)

Wei ghi ng bal ance



EXERCI SE 17

SELECTI NG EFFECTI VE STRAINS OF RH ZOBI A I N POTTED FI ELD- SO L

Strains of rhizobia previously screened in Leonard jars are
eval uated further in potted field soil. The effectiveness of
m xed and single strain inocula are conpared. Infective

native rhizobial populations in field soil are determ ned.

Key steps/objectives

1) Cul ture rhizobia

2) Col l ect soil fromtest field

3) Prepare soil, determ ne pH and total N content
4) Pot the soil

5) Determ ne water holding ability (field capacity) of soil
6) Apply fertilizer

7) Pl ant and i nocul ate surface sterilized seeds
8) Thin seedlings to desired number

9) | nspect for nodul ati on and perform MPN counts
10) Water and observe plants

11) Harvest plants, exan ne nodul ati on

12) Analyze data

(a) Designing the experinment and treatnments

The experinmental design is a random zed conplete block with



three blocks as in Exercise 16. There are 18 treatnents: 15
i nocul ated (14 single strain inocul ations and one treatnent
receiving a m xed broth inoculum conprising the three best
strains selected in Leonard jars from Exercise 16); a plus-N
control w thout inoculation; and two sets of non-inocul at ed
controls. At 2 weeks the extra set of the non-inocul ated
controls is renoved for inspection for nodul ation by native
rhizobia. |If nodulation is observed in the non-inocul ated
controls, initiate MPN counts of the native popul ati on using
the soil set aside for this purpose. Pots are sown with eight
seeds and four plants are maintained for the experinment upon

t hi nni ng.

(b) Preparing the inocul um

(Key step 1)

Al'l of the 14 cultures of B. japonicumused in Exercise 16 are
evaluated in soil. Inoculate each strain into 70 m of
yeast-mannitol broth contained in 125 m Erl enneyer fl asks.

Al low strains to grow for 5-7 days to reach maximumturbidity
(approximately 1 x 10° cells m ') . To prepare the m xed

i nocul um pipette 10 m of the fully grown broth culture of
each of the three best strains into a clean 125 m Erl enneyer
flask. Use a fresh pipette for each strain. Mx the contents

t horoughly by swirling.

(c) Choosing the site for collecting soi



The ideal site for soil collection is the one where the field
experinment (which follows the pot experinent) is to be
conducted. The site soil should be lowin nitrogen. The
native rhizobial population should be |ess than 10% rhizobi a
per g soil; no previous history of inoculation and cultivation
with the intended | egune; no water-logging or salinity

pr obl ens.

In practice, these prerequisites may not be net in the chosen
site. This, however, should not deter experinmentation with a

particul ar soil.

(d) Collecting, preparing, and potting field soi
(Key steps 2, 3, and 4)

Wth a steel spade or other suitable inplenent, obtain field
soil froma depth of 10-15 cm Soil sanples should be taken
randomy within a soil type. Collect and transport the soil
(approxi mately 150 kg) in strong plastic bags to a clean

room Spread | arge pieces of clean cardboard on the floor and
cover with thick, clean, plastic sheets or tarpaulins. Enpty
t he bags of soil onto the plastic to pool all the collected
soil. Spread the soil and allowit to air dry. Mx the soi

t horoughly and renove debris (e.g., stones, roots, |eaves,
etc.) Break lunmps with a wooden mallet. Sift the soil using

a 5 mm nesh screen. Take a sanple to determ ne the soil pH



using a pH-neter. |If the soil is acid, add line to bring the
pHto 6.0-6.5. Mx the soil and linme thoroughly and allow to
equi librate for at |least 7 days. During the equilibration

period, cover the soil with a plastic sheet. Use one of the
met hods shown in Appendix 16 to cal culate the amount of |inme

needed to adjust the pH level of the soil.

Cbtain strong PVC (polyvinylchloride) pots. Pots of 15-16 cm
di ameter, and 18 cm height with a capacity of just over 3

and with at | east one hole on the bottom are suitable for
potting. Pots should be clean. Plastic bags of suitable size
and thickness will be used as inner liners for the pots.

Punch holes (1 cmdianeter) in the bottomof the bags to all ow
for drainage. Position the bags in the pots and fold the open

end of the bag over the rimof the pot.

Pots of the recommended size will hold approximtely 2.4-2.7
kg of a soil high in organic matter. Tropical soils with |ess
organic matter but occupying a simlar volume will be

heavier. Wigh 2.4 kg of soil in each plastic bag and pl ace

in the pot. (Any coarse balance is suitable for weighing the
soil, as high precision is not required.) Gently tanp the
pots on the floor to conpact the soil. Soil in all pots nust

be tanped down to occupy nearly the sanme volune to achieve

simlar bulk density.

Set aside 250 g of soil in a refrigerator (4°C) for MPN count



of the native rhizobial population follow ng the nmethod

descri bed in Exercise 5.

(e) Adjusting noist field soil to field capacity

(Key step 5)

A soil rmoisture content at field capacity is suitable for nopst
pl ants. Since the field capacity varies with different soils,
determine the field capacity for the soil under investigation.
At sowing and during initial phase of seed germ nation and
seedling establishnent, the soil moisture should be nmaintained
at field capacity for better plant performance. Determ ne the
field capacity of the moist field soil using the sinple nmethod

descri bed in Appendi x 21.

(f) Applying fertilizer
(Key step 6)

The fertility of the soil nust be adjusted to optimal |evels
to obtain good gromth of the plants. The following fertilizer
treatments are recommended. Rates per pot have been

cal cul ated on the basis of 2.4 kg-soil per pot.

Phosphorus, P
100 kg P ha'; applied as 500 kg ha! triple
super - phosphate (TSP*); 529 ng pot * (or 468 ny KHPO,
pot '1).



Pot assi um K
200 kg K ha'; applied as 382 kg ha' KCl; 404.2 ng pot*
(K:SO, may al so be used)
Magnesi um My
5 kg My ha'; applied as 50 kg ha* MyS0,. 7H,O, 53.3 ny
pot *
Zinc, Zn
10 kg Zn ha'; applied as 46.8 kg ha'! ZnSO,. 7H,0; 49.5 ny
pot *
Mol ybdenum Mo
1.0 kg Mo ha'; applied as 1.76 kg (NHy) e M;0,4. H,0 ha'’;
1.95 ng pot !
Nitrogen, N (for N-control pots)
100 kg N ha'; applied as 222 kg ha'! urea, CO(NH,).; 219 ny
pot ' 25% of N is applied at planting and the renmaining

75% at 3 weeks.

Prepare the fertilizers (except the insoluble triple

super phosphate) in the formof solutions and pipette them on
to the soil surface and allowto dry. Add the triple

super phosphate. M x the soil in each pot thoroughly to ensure
uni formdistribution of the nutrients (mxing is easily

achi eved by renoving the bag of soil fromthe pot and

massagi ng) .

(g) Planting and inocul ating the seeds

(Key steps 7 and 8)



At the planting rate of eight seeds per pot, a total of 24
seeds are needed for each treatnment in triplicate. A grand
total of 408 seeds are needed for all the 17 treatnments. From
a batch of seeds with good germ nation, select 500 seeds and
surface sterilize as in Appendix 10. Allow the sterilized
seeds to inbibe water for 1 h. Gve the seeds a final rinse
and plant the seeds at a depth of 2 cm Inocul ate each seed
with 1 m of the culture, followi ng the method described in

Chapter 19. Label the treatnents and assign bl ock nunbers.

Water the soil in the pots to field capacity using the data
fromStep 2. Add sterilized coarse sand nulch to contro

cont am nati on.

Randoni ze the pots on the greenhouse bench.

VWhen plants are 5 days old, thin to four uniform plants per

pot as described in Exercise 15.

(h) Inspecting non-inocul ated control plants for nodul ation
by native rhizobia

(Key step 9)

VWhen plants are 3 weeks old, renove the extra set of
non-i nocul ated controls to inspect for nodul ation by native

rhi zobia. Carefully renove the plastic bag containing the



pl ants fromthe pot and place it in a shallow basin. Slit the
bag open. Wth a gentle stream of water wash the roots.
Exam ne for nodulation. Simlarly observe the renmaining two

pots set up for inspection.

| f nodul es are present, make preparations for perform ng the
MPN count of rhizobia in the soil set aside for this purpose
in (d). The count may be done in growth-pouches or Leonard

jars follow ng the method described in Exercise 5.

Weigh 100 g of the soil, dilute it in 900 m of sterile water
and prepare a fourfold dilution series ranging from4' - 4%
dilution. Inoculate each dilution in quadruplicate. A
fourfold series gives nore precision than a tenfold series,
especially for soils when populations are less than 1 x 10°

rhi zobia per g soil. Note that the starting sanple has been
diluted 1:10. Mre details on the nmethod and cal cul ations are

given in Exercise 5.

(i) Watering the pots and neki ng periodic observation

(Key step 10)

During active growh and fixation, |legunes will use a
consi derabl e anobunt of water each day. During this period,
the pots need to be watered regularly. Water the pots nore

t han once each day if needed.



Wei gh sanpl e pots show ng vigorously growing plants to
determ ne the volune of water needed to replace the water
lost. |If there are large differences in plant growh, pots
shoul d be watered to wei ght on a pot by pot basis. Measure
out the required volume of water in a nmeasuring cylinder and
pour into the pot w thout excessively disturbing the soil.
Keep plants well watered and make growth observati ons
periodically as in Exercise 15.

(j) Harvesting the experinent

(Key steps 11 and 12)

Harvest the plants at 35 days. Deternine dry weight of shoots
and nodul es for all treatnents. Analyze yield data as in

Exerci se 15.



Requi renment s

(a)

(b)

(c)

(d)

Desi gni ng the experinment and treatnments

No special requirenments

Preparing the inoculum

Transfer chanber

Agar slant cultures of rhizobia
Yeast - manni tol broth

Shaker

Erl enneyer fl asks

Pi pettes

Choosing the site for collecting soi

Soi |l analysis data

Col | ecting, preparing, and potting field soi

St eel spade

Strong plastic bags, plastic sheets, cardboard
Wooden mal | et

1 cm nmesh screen

pH meter

Li me (CaCOs)



(e)

(f)

(9)

(h)

PVC pots and plastic bags (inner liners for pots)

Bal ance for wei ghing potted soil

Adjusting noist field soil to field capacity

Determi ne field capacity (Appendix 21)

Applying fertilizer

Wei ghi ng bal ance

Tri pl e superphosphate, potassium chloride, zinc sulfate,
ammoni um nol ybdate, urea, |ime, magnesium sul f at e,

pot assi um phosphat e

Pipettes (1 m and 10 nl)

Pl anti ng and inocul ati ng seeds

Seeds, sodi um hypochlorite solution (3%, sterile water
Sterile enpty beakers

Sterile pipettes, forceps, marker pens

Bal ance, water

Sci ssors, al cohol |anp, matches

| nspecting non-inocul ated control plants for nodul ati on

by native rhizobia

Tap water, scissors, shallow basin



EXERCI SE 18

TO VERI FY THE NI TROGEN- FI XI NG POTENTI AL OF GLASSHOUSE SELECTED
SOYBEAN RHI ZOBI A I N THE FI ELD ENVI RONMENT

Strains of rhizobia, previously selected in potted field soil,
are evaluated in the field environnent so as to further
identify the nost effective strains for inoculant production.
The effectiveness of a nmulti-strain inoculant is conpared with

single-strain inocul ants.

Key steps/objectives

1) Sel ect rhizobial strains and prepare the inocul ants

2) Prepare the field and apply fertilizers

3) | nocul ate the seeds and pl ant

4) Determ ne the nunber of rhizobia on the inocul ated seeds
5) | nspect the field and weed as necessary

6) Harvest at 50% fl owering (early harvest)

7) Harvest for grain yield (final harvest)

8) Anal yze the data

(a) Setting up the experinent

Set up the experinent as a random zed conplete block with four

replications (Fig. 18.1). Set up eight treatnents; siXx

i nocul ated (five single-strain and one nulti-strain); a



pl us-nitrogen; and non-inocul ated control w thout nitrogen.

Field Dinensions: A field area of 360 nf (24 mx 15 m is
required. Make rows 7.5 min length and 0.5 m apart. Each
treatment plot is flanked by an uni nocul ated guard (border)
row al ong each side, with two center harvest rows (see Figure
18.2). The area of each plot is 11.25 nf (0.001125 ha). The

area harvested for grain yield is 3.75 nf.
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Figure 18.1. Field |layout and di nensions.

Choi ce of rhizobial strains: Use five of the best strains,
according to their order of ranking in Exercise 17. Fromthis
group select three serologically distinct strains for the
preparation of the nmulti-strain inoculant for use in this

exercise and later in Exercise 19.



0.5m
1.0m Early sample
0.Bm
-
5.0 m Yield harvest
_I. X
0.5 m 1-

0.5 m |

1.5 m

Figure 18.2. Field |layout and di nensions.

(b) Selecting rhizobia for the experinent

(Key step 1)

Serologically distinct and/or antibiotic resistant |abeled

rhi zobi a may be sel ected using met hods described in Section B.

| f selection of serologically distinct strains is not possible
(because of cross-reactions anongst the strains chosen), a

mul ti-strain inoculant can still be prepared but nmay not be



suitable for studying aspects of strain ecology (conpetition,
persi stence, etc.) in the soil by serol ogical nethods.

Anti biotic |labeling offers an alternative to the use of
serologically distinct strains. However, the antibiotic

| abeling method is suggested as nore reliable only when each
of the conponent strains in the multi-strain inoculant has
doubl e antibiotic resistance |abels. Single-Ilabel strains my

al so be used but with caution.

Since three strains are used in the multi-strain inocul ant,

t he process of labeling (nultilabeling) and identification of
the strains may becone too involved, especially when nore
antibiotics are needed in the devel opment of the resistant
strains. Moreover, the | abeled strains need to be confirned
for retention of synmbiotic effectiveness (Leonard jar
screeni ng, Exercise 16) when conpared with the parent strains

prior to their use in the inocul ants.

(c) Preparing inocul ants

(Key step 1)

In this experinment, inoculate the seeds (except controls) with

peat cul tures.

Prepare the peat inoculants of the five strains follow ng
procedures described in Exercise 21 using gamma-irradi ated or

aut ocl aved peat. |In preparing the nulti-strain inoculant,



grow the 3 chosen strains of rhizobia separately. Aseptically
m x equal volumes of each strain in a sterile Erlenneyer

flask. Use this mxture to inoculate the peat.

Prepare the inoculants in advance of the experinment and all ow
themto mature for at |east 2 weeks at 25-30°C. Determ ne and
record the quality of each inoculant (nunber of viable

rhi zobia per g peat) by plate counts (Chapter 5 or 6). After
the 2 weeks of curing, the inoculants may be stored up to 4

weeks in a refrigerator (4°C).

(d) Preparing seeds for inoculation and planting

(Key steps 3 and 4)

A planting distance of 3.7 cm between seeds is optimal for
good soybean yields. Based on this planting distance,

approxi mately 203 seeds are needed per 7.5 mrow. Since there
are two inocul ated rows per plot and four replications, a
total of 1624 seeds will be needed for each inocul ated
treatment. Count or weigh 2000 seeds for each treatnment to
make al |l owances for | osses and for sanples to be taken for
determ ni ng the nunber of rhizobia per seed at planting. The
seed nunbers should be converted to wei ght measures for

conveni ence. Weigh out the seeds for each treatnment in clean

pl astic bags and | abel accordingly.

For soybean, 10 g of peat-based inoculant and 3.0 m of gum



arabic for 100 g of seed are recommended for experinents.

| nocul ate the seeds as described in Exercise 23.

| nocul ate the seeds just before planting. Keep the seeds in
their plastic bags and in a cool place away from direct

sunl i ght.

Set aside 20 seeds of each inoculated treatnment and with
nm ni mum del ay determ ne the nunmber of rhizobia per seed

(i noculation rate) as described in Exercise 23.

(e) Preparing the field
(Key step 2)

Conduct the experinent in the field site fromwhere soil was
previously collected for Exercise 17. Drive posts into the
soil at the four corners of the field to indicate the boundary
of the experinental site. Clear and renmove all surface
vegetation and treat the field with herbicide. Plow the field
after sufficient tine has been given for the herbicide to take
effect in killing the weeds. Renove |arge rocks, plant roots,
and other forns of debris. Till the soil to break up |unps
and prepare a smooth, firmseed bed. Alternatively, the
sowi ng may be done without plowing. This will mnin ze

di sturbance to the soil and rel ease of soil nitrogen

Mark the plots and designate treatnments for the different



pl ots (Treatnent should be random zed in advance of planting

and recorded.)

(f) Controlling cross-contam nation by nmodifying irrigation
met hods

(Key step 2)

Rhi zobi a are soil bacteria and are easily spread when soi
borne or in soil suspension. Surface overflow resulting from
heavy rains and the flood-irrigation nmethod may cause serious
cross-contam nation. In this particular exercise, where
several different strains of rhizobia are tested, the nethods
of irrigating the field nay be nodified to control heavy

cross-cont am nati on.

Surface overflow resulting from heavy rains and the flood-

irrigation nmethod nay cause serious cross-contam nation

Cross-contani nati on fromrai nwash nay be controlled by the
preparation of elevated seed beds (bunds). This nethod wll
result in the creation of shallow ditches between the seed
beds (rows). Alternately, an elevated plot with a surrounding
ditch would be suitable for areas of heavy rains. Elevated

pl ots may be preferred over elevated rows, as the latter are
nore susceptible to erosion. Rain water can be efficiently
drai ned away during heavy rains if the rows are prepared so as

to follow the general inclination of the slope if the slope is



not too great.

In I ocations of very |low rainfall where irrigation water is
obtained fromcanals or rivers, flood irrigation is frequently
practiced (Egypt, Sudan, etc.). In this situation, ditches
bet ween rows are preferred as they deliver water nore
efficiently to the roots of plants growing on el evated rows
than to rows of plants on an elevated plot. However, if plots
are not elevated, irrigation by flooding the entire surface of
the plot nmay be done. This would require the construction of
an el evated bund around each treatnent plot to prevent water
flow fromone plot to neighboring plots. Wter nust be
controlled to flow only fromthe main streaminto the plot.
Backfl ow i nto the mai nstream nmust be prevented. Successive
irrigation by channeling water from one plot to neighboring

pl ots nust be prevented.

Sprinkler and drip-irrigation nmethods may be used if these are

avai l abl e.

(g) Applying fertilizer
(Key step 2)

Fertilize the field soil to optim ze conditions for growth.
Follow |l evel s of fertility as recomended for the potted soils

(Exercise 17).



Lime the soil to pH 6.0-6.5. The quantity of |linme may vary
from 500-10, 000 kg ha! (depending on the soil and its initial
pH) to bring about appreciable changes in the soil pH  Apply

the lime 2 weeks prior to the application of the other

fertilizers. Use the lime requirenment data from Appendi x 16.
To facilitate the application of the fertilizers, each of the
four blocks is fertilized individually by broadcasting. The

rates per block (90 nf) are as follows: triple superphosphate,
4.5 kg; potassiumchloride, 3.44 kg; zinc sul phate, 0.42 kg;

ammoni um nol ybdate, 0.016 kg; nmagnesium sul fate 0.45 kg.

Weigh out the fertilizer quantities in containers (plastic
bags or buckets) of adequate size and apply by broadcasti ng.
The smaller quantities, for exanple, zinc sul phate, anmoni um
nol ybdat e and magnesi um sul fate, nay be m xed with an inert

carrier (e.g., sand) and broadcasted or sprayed on. Do not

apply the urea with the other fertilizers as this is applied
at planting only to the plus-N controls. Till in the
fertilizers soon after application.

The field is ready for planting one day after the application

of the fertilizers.

(h) Planting the experinent

(Key step 3)



Make furrows 7.5 mlong, 0.5 mapart, and four per plot and
3-3.5 cmin depth. WMke furrows for only a few plots at a
time so that open furrows are not subjected to drying out from

pr ol onged exposure in the sun.

Irrigate the experinmental site just enough to noisten the soi
the evening prior to the day of sowing, if the soil is dry.

Irrigate again immediately after sowing the trial.

A straight 2 mlong wooden stick with 3.7 cm graduati ons,
pl aced al ongside the furrow, is a useful guide for even

pl acenment of seeds.

Pl ant the controls and guard rows first and cover the seeds on

conpl eti on of each row.

Prevent contam nation of the seeds by sterilizing your hands

when handl i ng each batch of seeds inoculated with a different
strain. Hands are easily sterilized by thorough washing with
soap and water followed by swabbing with al cohol after the

hands are dry.

Apply urea, only to the plus-nitrogen controls, at the rate of
0.23 kg urea per plot with 25% (58 g per plot) at planting and
the remaining 75% (174 g per plot) at 4 weeks. Weigh out 58 g
each of urea in four bags, one for each of the four

replicates.



Make a furrow 4-5 cm deep, parallel to and 4-5 cm away from

the planted row. Evenly distribute the urea with your hands.
Cover the furrows imediately after application. Exposure of
the urea will result in hydrolysis and |oss of N (as anmmoni a)

to the atnosphere.

(i) Monitoring the trial and harvest

(Key steps 5, 6, and 7)

| nspect the field frequently for plant damage by di sease and
i nsect pests. Take appropriate nmeasures to control these

pests. Weed the plots whenever necessary.

Make frequent observations of plant growh and color. Note

treatments with early signs of N fixation.

Record the tinme taken for 50% of plant population to initiate

flowering. Make an early harvest at this tine.

The area of the plots for early harvest and harvest for grain
yield are indicated in Figure 18.2. Harvest plants for dry
matter yield. Observe nodule size, color, and distribution on

the root. Obtain the fresh and dry wei ght of nodul es.

If facilities are available, performthe acetyl ene reduction

assay to determ ne nitrogenase activity as described in



Appendi x 15.

Record time for the plants to reach maturity. Process the
pl ants for determning grain yield (dried to 5-6% storage

moi sture). Express grain yield on a kg ha' basis.

(j) Analyzing the data
(Key step 8)

Anal yze the data fromthe early harvest for correlation
(Appendi x 18) tops vs. nodule weight; tops vs. nodul e nunbers;
tops vs. nitrogenase activity (if available); nodul e wei ght
VS. nitrogenase activity. |In addition, performa correlation
analysis to correlate total nitrogen with all the paranmeters

measur ed.

Rank the strains according to nitrogen fixing potential, and
conpare your data with that fromthe Leonard jars and

potted-soil experinents.

Conpare the performance of the nmulti-strain inoculant with
single-strain inoculants. Wat could be the advantage of a
mul ti-strain inoculant? Rank the data obtained for grain
yi el d. Does ranking of strains according to dry matter

production at early harvest and at grain yield agree?



Requi renment s

(a)

(b)

(c)

(d)

Setting up the experinent

Measuring tape (50 m
Field site (24 mx 15 m

Fi ve best rhizobial strains from Exercise 17

Sel ecting strains for the experinment

Serologically distinct or antibiotic |abeled strains of

rhi zobi a

Preparing i nocul ants

Agar slant cultures from (a)

Five Erlenneyer flasks (250 ml) each containing 100 m YM
broth

Six sterile plastic syringes (50 m); six sterile needles
(3/4 in, 18 gauge)

Si x bags of peat (50 g per bag) autoclaved or irradiated
Sterile 10 ml pipettes

| ncubat or

Qual ity check of inoculants (materials as in Exercise 21)

| nocul ati ng the seeds



Soybean seeds, bal ance, plastic bags
Peat inocul ants, gum arabic solution, 10 m pipette with
wi de-bore tip (for pipetting gum arabic sol ution)

Sanpl es of inocul ated seed

(e) Preparing the field

Field area

Four wooden posts for marking field perinmeter
Her bi ci de(s) and sprayi ng equi pnent

Plowing and tilling machinery

Ot her field preparation accessories

(f) Controlling cross-contam nation by nmodifying irrigation

met hods

Suitable field design to control cross-contani nation

(g) Applying fertilizer

Magnesi um sul fate 0.45 kg x 4 blocks = 1.8 kg
Tri pl e superphosphate 4.5 kg x 4 blocks = 18 kg
Pot assi um chl oride 3.44 kg x 4 blocks = 13.76 kg
Zinc sulfate 0.42 kg x 4 blocks = 1.68 kg
Ammoni um nol ybdate 0.016 kg x 4 blocks = 0.064 kg
Bal ance, plastic bags or plastic buckets

Tiller or hoes



(h)

(i)

(i)

Pl anti ng t he experi nment

| nocul ated and non-inocul at ed soybean seeds from (d)
I rrigation water

Metric tape, hoes or suitable equiprment for nmaking
furrows

Pl anti ng gui de for even placenment of seeds

Soap, water, clean rags, alcohol in spray bottle
Urea for N-controls

Covered contai ner to keep seeds

Monitoring the trial and harvest

| nsecticides and sprayi ng equi pnent

Weedi ng tools, hoes

Sci ssors/ sni ps, paper bags, alum num wei ghi ng boats
Coar se sieve

Dryi ng oven (70°C)

Bal ance

Anal yzi ng the data

Cal cul ators and statistical tables

Statistical assistance



EXERCI SE 19

TO | NVESTI GATE THE | MPORTANCE OF OPTIMAL SO L FERTILITY IN THE
RESPONSE OF A LEGUME TO | NOCULATI ON W TH RHI ZOBI A*

This experiment is designed to conpare inocul ation response in
unamended soil (except for limng) and in soil fertilized to
optimal |evels. Inoculation response is evaluated using the
three basic treatnments: (l) inoculated; (2) plus nitrogen

wi t hout inoculation; and (3) no nitrogen without inocul ation.
Each of these three treatnments is set up at two different
fertility levels. A nulti-strain peat-based inoculant is used
to study the effect of soil fertility on the conpetition of

rhi zobi a for nodul ati on.

Key steps/objectives

1) Prepare the m xed inocul ant

2) Prepare the field and apply fertilizers

3) | nocul ate the seeds and sow

4) Determ ne the nunber of rhizobia on the inocul ated seed
5) | nspect the field and weed

6) Harvest at 50% f | oweri ng

7) Harvest for grain yield

8) Anal yze yield and nodul e identification data

*The experiment described in this exercise is based on the



design used in the International Network of Legume I|nocul ation
Trials (INLIT) promoted by the NifTAL Project, Departnent of
Agronony and Soil Science, College of Tropical Agriculture and

Human Resources, University of Hawaii .

(a) Setting up the experinent

Experi nmental design and treatnments:

The experinment is designed as a randonm zed conplete block with
four replicates. There are three basic treatnments: (1)

i nocul ated; (2) plus nitrogen w thout inoculation; and (3) no
nitrogen without inoculation. Each of these basic treatnents
are set up at two fertility levels giving a total of six
treatments. Peat inoculant containing a nmixture of three
strains of rhizobia are used to inocul ate seeds. The

random zed treatnments and field |ayout are indicated in Figure

19. 1.

Fi el d di nmensi ons:

Plants are raised in plots of 7.5 mx 2.4 m (0.0018 ha). The
rows are 60 cmapart with four rows per plot. A total field
area of 0.0432 ha (28.8 mx 15 m is needed for the
experinment. Details of a plot showi ng areas reserved for
early sanpling and grain yield determ nations are presented in

Figure 18. 2.



(b) Preparing the m xed inoculant and inocul ating the seeds

(Key step 1)

The inocul ants are prepared in advance of the experinent. The
three antigenically distinct strains selected in Exercise 18

are used here.

Cul ture each of the three strains separately in 150 m of
yeast-mannitol broth in Erlenmeyer flasks. Inoculate fully
grown broth cultures into 50 g of gamma-irradi ated or
aut ocl aved peat as described in Exercise 21. Each package of

t he peat should be inoculated with only one strain.

| ncubate the bags for 2 weeks at 25-30°C. At the end of the
maturity period, determ ne the quality of the peat inocul ants
of the different strains. Aseptically renove 1 g sanples in
duplicate fromeach bag and plate serially diluted sanples as

descri bed in Exercise 21.

Refrigerate the inocul ant bags i mediately after sanpling.
| medi ate refrigeration for 2-3 weeks or longer will nmmintain
the original population at sanpling w thout significant

changes.

From the quality check (plate-counts) of inoculants, determ ne

t he nunmber of rhizobia per g inoculant for the three strains.



Fromthis information, determ ne the weights of the
i noculants to be nmxed to give a 1:1:1 ratio as shown in the

foll owi ng exampl e.
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Figure 19.1. Field |layout and di nension.

The various treatnments are random zed. Farmfertility and
maxi mal fertility plots are indicated by F and Mrespectively.

Treatnment details for each plot are given in Table 19. 1.

In a quality check of three strains, the nunmber of viable

rhi zobia per g of each inoculant were as follows:
Strain A 1.8 x 10°
Strain B 2.6 x 10°

Strain C 3.4 x 10°

To establish a 1:1:1 ratio of A, B, and Cin a m xture,



determ ne factors that will convert strains A and B to 3.4 x
10° rhi zobia per g peat. Start with the strain that has the

hi ghest count of rhizobialg.
For strain A, conversion factor = (3.4/1.8) = 1.9

This means that 1.9 g of peat inoculant of strain A wll

contain 3.4 x 10° rhi zobi a.

For strain B, conversion factor = (3.4/2.6) = 1.3

This means that 1.3 g of peat inoculant of strain B will

contain 3.4 x 10° rhi zobi a.

Therefore, a peat inoculant m xture containing 1.9 g of
i noculant A, 1.3 g of inoculant B, and 1 g of inoculant C will

result ina 1:1:1 ratio of the three conponent strains.

Alternatively, if equal weights of the inoculants of the three
strains were mxed, a ratio of 1:1:1 will not be established.
The ratio would then be 1.8:2.6:3.4, or approximately 2:3:3.
Conpetition of the three strains may still be studi ed using

this approximated ratio.

Cal cul ate the wei ght of seed (as described in Exercise 18) for
the four rows of each inoculated plot and for all the

i nocul ated treatments in the experinment using a planting



di stance of 3.7 cm between seeds. Wth this information and
t he recommended i nocul ation rate of 10 g of m xed peat

i nocul ant per 100 g of soybean seed, calculate the total

wei ght of inocul ant needed for all the inocul ated treatnments.
Alternatively, 1 g of m xed inoculant my be used to

i nocul ate 100 g of seed to achieve a | ower inoculation rate.

M x the inoculants one day ahead of planting. Renove the bags
of inoculants fromthe refrigerator. Wigh out cal cul ated
anounts into a sterile 1 liter beaker. M x the inocul ants

t horoughly with a spatula. (Cbserve aseptic techniques

t hroughout the preparation.) After m xing, cover the beaker

with aluminum foil and refrigerate i mediately.

| nocul ate the seeds (Exercise 23) just before planting. Save
seed sanpl es and determ ne the nunmber of viable rhizobia on

the seeds at sowi ng as described in Exercise 23.

(c) Choosing a site and preparing the field

(Key step 2)

A field site having soil conform ng to the description as
outlined in Chapter 21 will be suitable. A farner's field, if

avail able, is preferred.

The fertility status of the site soil has to be determ ned.

If facilities are avail able, analyze soil sanmples for: free



nitrate; extractable P; exchangeable K, Ca, and M;
exchangeable Al and Mh, if soil pHis below 5.2 and 5.6

respectively; soil pH, organic matter.

Col | ect soil sanples and determ ne the popul ation of native

soybean rhi zobia using the MPN net hod (Exercise 5).

Prepare the field as outlined in Exercise 18. The field
preparation nmay need nodifications to control
cross-contam nation resulting from heavy rain-wash or from

flood-irrigation nmethod.

(d) Applying fertilizers
(Key step 2)

Since two fertility levels are used, nanely the farnmer's
fertility without anmendnments (F) and maximal fertility (M,
each treatnment plot has to be nmarked to facilitate recognition
during fertilizer applications. This is especially inportant

as each plot is fertilized individually.

Mar k boundaries by driving in short stakes at the four corners
of each plot. About 6-9 inches of the stake should remain
exposed to allow for good visibility and for ready recognition
of plot boundaries. Erect a sign-board of suitable size in
front of each treatnent plot indicating its treatnment

according to the field layout presented in Figure 19.1.



Lime the soil in the F plots only if the pHis bel ow 5. 4.

Lime all Mplots to pH 6.0-6.5. Allow the soil to equilibrate
for at |l east two weeks after the lime application. Determ ne
the lime requirement of the soil using one of the methods
descri bed in Appendi x 16.

The fertilizer recommendati ons for maximal fertility are
simlar to rates used in Exercises 17 and 18. The ampunt of
fertilizer applied per plot is as follows: triple

super phosphate, 0.9 kg; potassiumchloride, 0.69 kg; zinc

sul fate, 0.08 kg; anmoni um nol ybdate, 0.0033 kg; magnesi um

sul fate, 0.09 kg; and urea, 0.373 kg.

Wei gh out the quantities of the fertilizers in plastic bags
and assign the treatnment |abels. Mx smaller quantities of
the fertilizers (zinc sul phate, magnesi um sul fate and ammoni um
nol ybdate) with an inert carrier (e.g., sand) to facilitate

application by broadcasting or by spraying.

Apply the fertilizers individually to all plots of the various
treatments (Table 19.1). Till the fertilizers into the soil
after broadcasting. The nitrogen (urea) is applied as
side-dressing in furrows at sowing (0.09 kg plot™') and after 4

weeks from emergence (0.28 kg plot™).

(e) Planting the experinent

(Key steps 3 and 4)



| nocul ate the soybean seeds as described in Exercise 23. Set
asi de about 100 inocul ated seeds for determ ni ng nunber of
rhi zobia per seed. (Use only 20 randonly sel ected seeds from

this sanple for the deternination.)

Table 19.1. Summary of treatnents

Fertilizers applied?®
Fertility
Level s
P K Zn M Ca N | nocul ati on
M1 + + + + + O 0
M 2 + + + + + + 0
M 3 + + + + + O +
F-1° O O O O O O O
F-2 O O 0 0 O + O
F-3 O O 0 0 O O +
a. + and - i ndicate application and no application

respectively.

b. Ca is added as cal cium carbonate if pHis below 5.3-5.4

Make furrows 7.5 mlong, 0.6 mapart, and 3-3.5 cm deep.

Pl ant the soybean seeds at approxi mtely 35 seeds per M row
doi ng the uninocul ated treatments first. Thin rows evenly to
27 plants per Mrow at two weeks. Irrigate the field. Take
precauti ons agai nst cross-contam nation during sowi ng (see

Exerci se 18).

Note that in the experiment in Exercise 18, a single



uni nocul ated guard row was conmon to two adjacent plots. In
this experinment, each plot does not share common guard rows
with adjacent plots. Each plot in this experinment has four
rows (two guard and two harvest rows) and the guard rows are

of the sane treatnent as the harvest rows.

After sowi ng, side-dress the recomended anpunt of urea in
furrows of the plus-N controls and irrigate the field if

necessary.

(f) Monitoring the trial and harvest

(Key step 5)

Carry out regular field inspections, weedi ng and harvesting

activities as described in Exercise 18.

(g) Harvesting nodules for strain identification

(Key steps 6 and 7)

Since the seeds of the inoculated treatnments were coated with
a m xed peat inocul ant containing equal proportions of three
antigenically distinct strains, the nodules may be harvested
and processed for establishing nodule identity. Data from
nodul e identification can then be analyzed for strain

conpetition for nodulation at the two fertility |evels.

Nodul es for strain identification are obtained by harvesting



at 50% fl owering. Obtain plants from each inocul ated plot (F-
3 and M3). Excavate plants only fromthe sanple rows of each

pl ot. Select the plants randomy.

Wash the roots to clean off soil and adhering debris. Pick

the nodules fromthe roots. Count and pool all the nodul es of
the two plants obtained fromthe same plot to obtain the plot
sanple. Simlarly obtain plot sanples of nodules fromall the

F-3 and M3 plots.

| dentify at |east 30 nodul es at random from each inocul at ed
pl ot sanpl e using one of the serol ogical methods described in
Section B. Store the rest of the nodules by: (1) desiccation
over silica gel; (2) by freezing; or (3) after oven drying at
70°C, storing in small plastic bags or vials. Large batches
of nodul es require nuch time for identification. |If nodulation
is poor (less than ten nodules per plant) identify all nodul es
fromeach plot sanple. Snmall nodules (dianeter 1 mm or |ess)
may not contain sufficient antigen for identification against
three antisera using the agglutination or gel-diffusion

techni ques. However, small nodul es are better identified
usi ng the fluorescent-antibody technique as this nmethod

requires only antigen snears fromthe nodul e.

Apply the Chi-square (X?) nethod to determine fromthe data
whet her or not the frequenci es observed in the nodule

identification depart significantly fromthe expected



frequencies of 1:1:1 for the three strains at each fertility

| evel .

If there is a significant departure fromthe expected ratio of
1:1:1, the data indicate conpetition. |Is the conpetition

pattern the same at both fertility |evels?

(h) Analyzing the yield data
(Key step 8)

The harvest data at 50% fl owering and fromgrain yield wll
reveal valuable information on the inmportance of fertility to
ensure a good response to inoculation with effective strains

of rhizobi a.

Using the harvest data, carry out statistical analysis;
determ ne the treatnent giving the highest yield. The
Duncan's New Multiple Range Test is suggested for prelimnary

anal ysis of the data.

The data nmay be nore rigorously treated by other statistical
approaches to detect significant interactions in the
treatments. Such analysis may require expert statistical

assi st ance.



Requi renment s

(a)

(b)

(c)

Setting up the experinent

Measuring tape (50 m
Field site (28.2 mx 15 m

Preparing the m xed inoculant and inocul ating the seeds

Transfer chanber

Agar slant cultures of antigenically distinct strains
used in Exercise 18

Three Erl enmeyer flasks (250 m) each containing 150 n
YM broth

Three sterile plastic syringes (50 m), three sterile
needles (3/4 in, 18 gauge)

Three bags of peat (50 g per bag) autoclaved or

i rradi ated

| ncubator, refrigerator

Quality check of inoculants (materials as in Chapter 27)
Sensitive bal ance (to wei gh peat)

Coarse bal ance (to wei gh seeds)

Beaker (1 liter), spatula, alum numfoil

Gum ar abi ¢ solution, pipettes (w de-bore tip), plastic

bags

Choosing a site and preparing the field



Farmer's field or alternative site

Soi |l analysis data

Soi |l sanple for MPN counts

Wboden posts to mark field perineter

Her bi ci de(s) and sprayi ng equi pnent

Plowing and tilling machinery

Suitable field drainage to control cross-contam nation
Ot her field preparation accessories

Li nme

(d) Applying fertilizers

Wbhoden st akes (boundary narkers)

Si gn-boards for all Mand F plots

Tri pl e superphosphate 0.9 kg x 12 plots 10. 8 kg
Pot assi um chl oride 0.69 kg x 12 plots = 8.3 kg
Zinc sul phate 0.96 kg x 12 plots = 11.5 kg
Ammoni um nol ybdate 0. 0033 kg x 12 plots = 0.04 kg
Magnesi um sul fate 0.09 kg x 12 plots = 1.1 kg

Uea 0.0373 kg x 8 plots =0.3 kg

(e) Planting the experinent

I rrigation

| nocul ated and non-inocul at ed soybean seeds from (b)

Metric tape, hoes or other suitable equi pment for making



(f)

(9)

(h)

furrows
Pl anti ng gui de for even placenment of seeds

Urea for N-controls

Monitoring the trial and harvest

As in Exercise 18

Har vesting nodules for strain identification

Source of water

Hoe for digging, coarse sieve

G ass or plastic vials (for storage of nodul es,

2), marker pens

Pl asti c bags

Freezer space (or silica gel in vials)

Anal yzing the yield data

Cal cul ator and statistical tables

Statistical assistance

Appendi x
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SECTI ON D

| NOCULATI ON TECHNOLOGY | NTRODUCTI ON

The agricultural benefits possible fromuse of sel ected,

hi gh-nitrogen fixing strains of rhizobia can be realized only
when farmers obtain and properly use high-quality inocul ants
on their | egune seeds or soil before planting. Technology on
growi ng rhizobia, preparing inoculants with suitable carrier
mat erials, and distributing viable inoculants to farmers is
essential. This section is concerned with inocul ant

producti on and use.

Cul ture of Rhi zobia

Rhi zobia are easy to grow in the | aboratory. These bacteria
are aerobic and al so m croaerophilic. They require aeration
whi ch may be provided by using a nechani cal shaker or by
bubbling sterile air through the nmedium Rhizobia grow best
at 25-30°C. The nmedi um nust supply energy, a source of
nitrogen, certain mneral salts, and growth-factors. Most
commonly used is a yeast extract mannitol mneral salts
medium but if cost or availability is a concern, sucrose or

gl ycerol may be substituted.

Rhi zobi a grows best at 25° to 30°C. Vessels or fernenters vary

in size froma fewmlliliters up to several thousand liters.



| ncubation time required will vary with size of seed or
starter inoculum Large inocula decrease the incubation tinme
needed to attain the 5 X 10® to 1 X 10° rhi zobial cells per
mlliliter considered necessary, particularly when using a

non-sterile carrier materi al .

The broth culture should be checked frequently for purity and
any abrupt change in pH which indicates contam nation. Prior
to incorporation with the carrier material (peat, coal, etc.)
the culture should be checked serologically (agglutination, FA

etc.) with its honol ogous anti serum

| ncorporation into Carrier

The properties of a good carrier material are: No toxicity to
rhi zobi a, good noi sture absorption capacity (for exanple not
nore than 15% noi sture in nost peats prior to addition of
culture), suitable pH (6.5-7.0), fine particle size for better
adherence to seed (70 to 100% t hrough 200 nmesh screen), free
of lunmp-formng materials, and in anple quantities at noderate

cost.

Non-availability of peat in some countries has pronpted tri al
of a wi de range of substitutes, e.g., coal, charcoal, bagasse,
filter-mud, ground plant residues, and conbi nati ons of these
with soils. None has proven as consistent in its ability to

af f ord adequat e survival of rhizobia as peat.



Extraction, drying, and mlling of peat are the npbst capital

i ntensive aspects of inoculant production. The dried peat is
mlled to 100-200 nesh and neutralized to pH 6.5-7.0,
preferably, with precipitated cal cium carbonate. Both
sterilized and non-sterilized peats are used in comerci al
producti on systenms. Sterile peat (gamma-irradiated at 2.5 —
5.0 megarads or autoclaved) is generally accredited with
better rhizobia survival characteristics than non-sterile
peat. Heat sterilization of some peats has been found to
produce undesirabl e changes and to rel ease toxins.

Sterilization by gamm radiation is preferred.

Under commercial conditions in the United States, quality-
tested broth cultures are incorporated, one liter per Kkilogram
of peat, and packaged in thin gauge (0.05 mm polyethylene
bags. Bags of this specification permt gas exchange while

m nim zing noisture loss fromthe inoculant. Inoculants are

al so produced by aseptic injection of quality tested broth

cultures in packages of presterilized peat.

| nocul ants are matured for about 2 weeks at 25-30°C to attain
maxi mum nunbers of around 10° - 10% cells/g of inocul ant.
Thereafter, nobst inoculants are maintained under refrigeration
(4°C). Some inocul ants have better survival at 26° — 28°C. The
final moisture content of the peat inoculant should be 40-60%

on a wet weight basis for inoculants produced with



presterilized peat. A |ower noisture content (30-40% is
preferred for better rhizobia survival in non-sterile peat.
Bat ches of inoculants are usually sanpled for a check on their
quality at the time of l|eaving the production plant. This is
done by the direct plate count in the case of inocul ants based
on sterile carriers. \When non-sterile carrier material is
used, inoculant quality can only be tested adequately by a

pl ant infection test which lasts for about three weeks and
which conflicts with a need to distribute the inocul ant

qui ckly. Inoculants nmust bear an expiration date and have an
absolute m ni num of 106 viable rhizobia/g and 108 vi abl e

rhi zobia/g for non-sterile and presterilized peat,
respectively, at that tinme. |In the United States credit for
returned inoculants that have passed their expiration date is
an essential facet of inoculation technology acceptance by
farnmers and is the standard policy of the nore reputable

i nocul ant producers.

Soil and Seed | nocul ati on

The essence of | egune inoculation is the placenent of such a
| arge popul ation of a highly effective nitrogen-fixing

rhi zobia that is conpatible with the host |egune variety in

close proximty to the energing radicle that the majority of

t he nodul es which formcontain the introduced rhizobi a.

It is inmportant to assess the need to inoculate a particular



| egume at a specific site. Sonmetines an adequate popul ation
of effective native strains will ensure anple nodul ation

wi t hout inoculation. Alternatively, an inoculant strain may
not survive in adequate numbers or be sufficiently conpetitive
agai nst the native rhizobia, and yield benefits are unlikely

frominocul ati on.

The nost common nmeans of introducing rhizobia to the soil is
as seed-applied inoculant. 1In its sinmplest (and | east

sati sfactory) form peat inoculant is mxed with water to form
a slurry and m xed with the seeds. Better results are
obt ai ned when the inoculant is coated on the seed with an
adhesi ve. An adhesive increases the anmpunt of inocul ant that
will adhere to the seed. A good inocul ant adhesive nust be
nontoxic to the rhizobia and provide protection during
planting and in the soil. Gum Arabic has these properties,
but is expensive to farners and not readily avail able at many
| ocations. O her adhesives used successfully include nethyl
et hyl cellul ose, sucrose solutions, and vegetable oils. An
addi ti onal coating of cal cium carbonate, rock phosphate or

ot her pelleting material can enhance the success of

i noculation. This is often done when adverse weat her
conditions prevent inmmedi ate sowi ng of inocul ated seeds, as
protecti on against insects in the soil, when the soil is hot

and dry or very acidic, or as protection against pesticides.



EXERCI SE 20

TO PRODUCE BROTH CULTURES I N SI MPLE GLASS FERMENTORS

G ass fermenters are set up in a |laboratory and used for the
smal | scal e production of broth cultures. The broth cultures
are nonitored periodically for cell nunmber and contam nation

during growt h.

Key steps/objectives

1) Initiate starter broth cultures

2) Assenbl e small fermentor units

3) Sterilize fermentors

4) Becone familiar with operation details

5) | nocul ate the fermentors

6) Take broth sanples periodically for cell count and check
for contam nation

7) Test for contam nation

8) Performtotal counts and optical density measurenents

9) Perform vi abl e counts by the spread plate nmethod on the
presunptive test nedia

10) Performagglutination tests with the honol ogous anti sera

(a) Inoculating starter cultures

(Key step 1)



Prepare four 50 nml flasks or tubes each containing 25 nl of
YMB. Obtain slant, or lyophilized bead preserved cul tures of
bradyrhi zobia (e.g., B. japonicum TAL 102) and fast grow ng
rhizobia (e.g., Rhizobiumsp. TAL 1145 from Leucaena

| eucocephala). |Inoculate two flasks with each rhizobial
strain and aerate at 25-30°C. These will serve as "starter”

cultures for inoculating the YMB in the fermentors.

(b) Assenbling sinple fernentors
(Key steps 2 and 3)

Set up two fernmentors (one for each strain) as shown in Figure
20.1. The main fernentation vessel is a slightly nodified 4 |
Erl enneyer flask with a sanpling port (glass tubing 4 nm | D)
fitted close to its base. Fill each fermentor with 2-3 | of
YMB. Connect the cotton packed filters to prevent the entry
of contam nants via the air lines. All rubber stoppers and

t ubi ngs nmust be autoclavable. |Insert the |arge rubber stopper
whi ch holds the air inlet and outlet tubes with their

respective filters, firmy into the neck of the fl ask.

Connect the air inlet tube to an aquarium punp. Activate the
punp and check the air inlet and outlet filters for air
resistance. Air should flow freely through both filters while
bubbl i ng through the broth and sinultaneously aerating and
agitating the nmedium The cotton in the filters should be

packed uniformy but | oosely. Overpacking the air inlet



filter can cause resistance to incomng air and | ead to poor
aeration. Overpacking of the outlet filter can |lead to poor

air escape and pressure build-up in the fernmentor.

Di sconnect the fermentor fromthe punp and prepare it for

aut ocl aving. Make sure that the stopper which holds the air
tubes is still firmy seated. The air supply system nust be
wel |l protected to prevent entry of contam nants. Wap the top
of each flask with a wi de band of non-absorbent cotton and
secure it with a string. Then, add a protective w apper of
alum numfoil (Figure 20.2). Close the air inlet tube with a
clanp at the spot indicated in Figure 20.1 to prevent the
broth fromleaving the flask due to pressure build up in the
flask during autoclaving. Pressure relief during autoclaving
occurs through the air outlet tube which nust be |eft open.
The filters should remain connected to the fernmentor during
autoclaving. To provide a convenient place for them make an
oversized wire ring to fit snugly around the neck of the
fermentor vessel and twist it to obtain an eyelet or | oop on
each side. Each filter may then also be fitted with a piece
of wire ending in a small hook. Hook the filters onto the
eyelet (Figure 20.2). Sterilize the assenbly for 40 mn, if
it contains approximtely 2 | of broth. Adjust the
sterilization time according to the volunme of liquid; increase

time by 10 mn for each additional liter.

After the fermentor has cool ed, renove the clanp fromthe air



inlet tubing. Connect the air supply to check for proper

int
‘/“w
i

Rate: Arrows indicate asration pathways.

Figure 20.1. Schenme of sinple fermentor unit a - Al um num
foil; b - Non absorbent cotton; ¢ - Autoclavable stopper; d -
Filter unit; e - Jass tubing; f - Wre ring; g - Gowth
medium h - Flask; i - Sanpling tube; j - Plug; k - Latex
tubing; | - Hose clanp; m- Aquarium punp; n - Wre hook



Figure 20.2. Sinple fernmentor in operation.



aeration once again and for leaks in the system

Various types of air systens have been used to aerate snall
fermentors including conpressors, conpressed air in tanks,
aspirators, and aquarium punps. The latter have been very
satisfactory for small units and are inexpensive, silent, and

dependabl e.

Figure 20.3 Mdified fernmenter.

Al t hough a pressure relief valve nmay be desirable, it is not
really necessary. Most aquarium punps generate only | ow
pressure, sufficient however, for several (four) fernentor
units which may be connected to one aquarium punp using a

mani f ol d.



(c) Operating the glass fernentors

(Key step 4)

General operation: |If, after autoclaving, the fernmentor has
been i nspected and found to function properly, it is ready for
i noculation with the starter culture. [If an aquarium punp is
used, and nore than one fermentor is attached, adjust the air
to achieve an equal flow to each fernentor. For other air
supply systens, adjust the air flow on the bypass which may be

install ed between the punp and the air inlet filter.

The glass fernmentor is inoculated through the latex air inlet,
just above the mamin stopper tubing, with a sterilized syringe
fitted with an 18 G needle. Care nmust be taken that no
contam nants are introduced. Twenty ml of the starter culture
are renmoved aseptically fromits flask. The air inlet tubing
is swabbed with 70% al cohol (or 3% hydrogen peroxide) about
one inch above its connection to the glass tube. The needle
is inserted downwards into the tubing and the culture is
injected. The airstreamw ||l facilitate speedy entry and

i ncorporation of the starter inoculuminto the YMB. The

culture is incubated at 25-30°C under conti nuous aerati on.

Sampl i ng procedures: Aseptically, with a sterile syringe,

withdraw culture broth fromthe fermentor through the sanpling



tubing attached to the sanpling port. Swab the tubing with
70% al cohol or 3% hydrogen peroxide. Insert the needle into
the sterilized portion of the tubing and wi thdraw the desired
amount of culture broth. For quality control purposes (such
as Gram stain, pH neasurenents, optical density measurenents,
the total count, and plate counts), 5-10 ml of culture are
sufficient and may be withdrawn by using a 5 or 10 nl syringe

fitted with a 22 gauge needl e.

For injection of the broth culture into bags of sterile
carrier (peat), 40 m sanples are usually withdrawmn with a
sterile 50 m syringe fitted with a 18 gauge needl e.
Alternatively, an automatic notorized syringe equi pped with a
16 gauge needle nay also be used to withdraw broth culture if

| arge numbers of bags are to be injected.

In a nodified system a 1 | collection flask is connected to
the fermentor as shown in Figure 20.3. This collection flask
shoul d be autoclaved together with the fermentor. It is
connected to the fernmentor via a tubing attached to a sanpling
t ube runni ng through the stopper on top of the unit and into
the broth culture. A sanpling port at the bottom of the
fermentor is not needed in this case. The broth culture is
forced into the sanpling flask by tenporarily closing off the

air outlet of the fermentor while the punp is running.

(d) Producing broth inocul um



(Key steps 5, 6, 7, 8, 9, and 10)

VWhen the starter cultures have reached the end of their |og
phase of growth (7 days for a slowgrow ng rhizobia and 5 days
for a fast-growing rhizobia, respectively), they are ready to

be used for inoculating the fermentor.

| nocul ate one fermentor with B. japonicum TAL 102 and the

other with the fast-growi ng Rhi zobi um sp. TAL 1145.

Take a 10 Ml sanple fromeach fermentor at the end of the
growt h period of each strain and conduct the follow ng tests:
1) pH tests: A contanination problemis usually
evi dent when the pH of the broth decreases toward
acidity especially with sl ow grow ng,
al kal i - produci ng rhizobia (e.g., B. japonicum.
However, with fast-grow ng, acid producing rhizobia
(e.g., Rhizobiumsp. fromL. |eucocephala) the pH
test is |l ess hel pful since nmobst contam nants are
usual ly acid producers. Test the broth pH of the
sl ow-growi ng rhizobia by adding two drops of
brom hynol blue (0.5% w v in alcohol) in 1 m broth.
Wth nost strains tested, the pH does not change
during mass culturing. A yellow coloration
i ndicates acidity (presence of contam nants) and a
green to blue coloration alkalinity (absence of

cont am nants).



2) Gram stain (Exercise 3)

3) Pept one gl ucose test (Exercise 3)

4) Total count with Hel ber or Petroff-Hausser counter
(Exercise 4)

5) Optical density measurenent (Exercise 4)

6) Spread plate count on YMA containing Congo Red and
on YMA contai ning BTB (Exercise 4)

7) Aggl utination with the honol ogous antiserum  This
shoul d be done just before harvesting when the
culture has no less than 1 x 10° cells per m. Dilute
2 m of the cell suspension with 2 m saline. MX
well and heat in boiling water for 30 min. After
cooling, pipette 0.5 mM into an agglutination tube
and add 0.5 m of a 1:50 dilution of the honol ogous
anti serum whi ch should have a titer of at |east 800.
Perform the agglutination test as described in

Exerci se 7.

The broth cultures nmay be incorporated into carrier materi al
when the total count indicates a cell concentration of nore
than 1 x 10° cells per m and purity of culture has been

est abl i shed.



Requi renment s

(a) Inoculating starter cultures

Transfer chanber

Pl at f orm shaker

| nocul ati on | oop, flane

Erl enneyer flasks or screw capped tubes of 50 ml capacity

containing 25 m YMB each

(b) Assenbling sinple fernentors

Large autocl ave, aquarium punps or conpressor

Cork borer, small glass file, bunsen burner

For each fermentor: Erlenneyer flask, 4 1, (This flask
is modified by the addition of an outflow tube (1D 4 mm
at its base. These nodified flasks are not avail abl e
commercially, but any glass bl ower should be able to
attach the short 3-5 m gl ass tube.)

#12 autocl avabl e stopper

G ass tubing, inside dianeter (ID 4 mm, approxi mately
120 cm

G ass tubing, (ID 30 mm, tw pieces of 10 cmlength for
making air filters. Barrels of 50 m syringes may be cut
to size and used i nstead.

Rubber stoppers #4, autoclavable, four pieces

Hose cl anps, two, air by-pass (T-piece with short | atex



t ube and cl anp)

Surgi cal rubber tubing (ID 4 nm, approximtely 150 cm
G asswool, cotton wool, non-absorbent, al um num foi
Sampling tubes (ID 4 mm

YMB (2-3 | per fernentor)

(c) Operating the glass fernentors

Syringes (30 m), sterile with 18G needl es
70% al cohol, cotton swabs or tissue paper
Broth culture of B. japonicum TAL 102
Broth culture of Rhizobium sp. TAL 1145
Syringes, sterile (10 m); 22G needl es

Test tubes, sterile (for sanples)

(d) Producing broth inocul um

Spectrophotoneter; cuvettes, transfer chanber
Antisera of TAL 102 and TAL 1145

Pl at es of peptone gl ucose agar

Pl ates of YMA containing BTB

Pl ates of YMA contai ning Congo Red

Syringes (20-30 m); 22G needl es

Test tubes, sterile (for sanples)

Pi pettes, sterile (1 m); pipettes, sterile (10 nml)
Tubes containing 9 m sterile diluent, rack

Past eur pipettes, sterile, calibrated



Sol ution of Bromthynmol Blue (0.5% w v in ethanol)

Materials and supplies for Gram stain (Appendi x 3)



EXERCI SE 21

TO PREPARE A RANGE OF CARRI ER MATERI ALS AND PRODUCE | NOCULANTS

Carriers for rhizobia are prepared from various materials such
as peat, charcoal, and lignite. These carriers are used for
t he production of granular and powdered inoculants. The

gquality of these inoculants is tested and conpar ed.

Key steps/objectives

1) Sel ect and dry carrier materials

2) Gind carrier materials

3) Sift carrier materials and sel ect suitable particle sizes
for granul ar and powdered i nocul ants

4) Neutralize carrier materials

5) Determ ne water hol ding capacity of carriers

6) Package the carrier materials

7) Sterilize the carriers

8) Exam ne the carriers for sterility after sterilization

9) | nocul ate carriers with broth cultures fromfernentors

10) Plate peat cultures for quality contro

11) Inoculate plants for the plant infection count

12) Test strain identity serologically

13) Record and tabulate results. Conpare carrier treatnments

14) Apply quality standards



(a) MIling inoculant carrier materials

(Key steps 1, 2, and 3)

Carrier materials are chosen to fill criteria set forth in the
introduction to this section. For this exercise select peat,
charcoal and lignite, or three other carrier materials if
these are not available. Wrk with each carrier

individually. Wigh 5 kg of each carrier and grind it in a
hammer m1l. Thoroughly clean the hammer m |l with a brush or
with a jet of air froma conpressor before grinding the next

carrier.

Stack up a set of sieves in series: 16 nesh (1 mm, 42 nmesh
(355 im, 100 nmesh (150 im, and 200 mesh (75 im. Place this
series of sieves on a collecting pan, and clanp the stack and
collecting pan to a sieve shaker. Add the mlled carrier to

t he uppernost sieve and activate the shaker for 60 mnn.

Col l ect the fraction caught on the 42 nmesh sieve and the
fraction caught in the pan. The renmni nder should be returned
to the mll and ground again. Particles of 16-42 mesh are
used for the preparation of granular carriers (soil inplants);
particles of 200 nesh and finer, nmake carriers suitable for

seed coati ng.

(b) Preparing and characterizing inoculant carriers

(Key steps 4, 5, and 6)



The pH of an inoculant carrier should be around 6.5-7.0. 1In a
400 m gl ass beaker suspend 10 g of the carrier into 90 m
water. Stir the m xture on a magnetic stirrer while
monitoring the pHwith the electrode of a pH neter. |If the pH
is lower than 6.5, gradually add precipitated, powdered

cal cium carbonate (CaCG3;) until a pH of 6.5 has been reached.
Record the amount of (CaCQO;) needed to neutralize 10 g of the
carrier. Add a corresponding anount to the renmaining carrier
e.g., if 0.25 g were needed to neutralize 10 g of carrier in

t he water suspension, add 2.5 g of CaCO; to every 100 g of dry
carrier. Mx well by hand. Repeat the same procedure for al

carriers.

The water (nmoisture) holding capacity of a carrier determ nes
t he maxi num anmount of |iquid inoculumthat can be added to

it. Carriers vary greatly in their water hol ding capacity.

Before the water-hol ding capacity can be neasured, the

i nherent moisture level in the carrier nmust be determ ned.
This may be done npbst conveniently on a noisture bal ance. Use
a drying oven if a noisture balance is not avail able. Wigh
10 g accurately on a foil or glass weighing dish and place it
into the oven at 70°C for 24 h. Wigh and return to the

oven. Another weighing at 48 h will confirmthe endpoint of

moi sture | o0ss.

Use the formula below to calculate the i nherent npi sture



content on the dry weight basis.

Moi sture content = (W _._W) X 100%
W

W = Wei ght of carrier before drying
W = Wei ght of carrier after drying at 70°C

Proceed to determ ne the noisture-hol ding capacity of the
carrier. Wigh 100 g of oven dried carrier material into a
500 M beaker. Add water with continuous stirring, until the
carrier appears to be saturated. Add additional water to
produce a thin slurry. Transfer this slurry to a pre-weighed
measuring cylinder which has a drainhole on its bottom covered
by a sieve. Allow the water to drain overnight, then weigh

t he nmeasuring cylinder with the contents. G ve the npoisture
hol di ng capacity on the dry wei ght basis of the carrier. For
example, if 100 g of predried carrier can hold 120 nml of

water, its noisture holding capacity is 120%

The anount of inoculum broth to be added to the carrier nust
be well below the carrier's noisture holding capacity as the
resulting inoculumshould be friable in texture. It is,
however, desirable to add the | argest anount possible while
still retaining the desirable texture. A high noisture |evel
i's necessary because noisture is |ost during storage, and the
survival of rhizobia in a carrier is affected by |ow nmoisture

| evel s.



Proceed to determ ne the desirable amunt of noisture to be
added to the carrier by a trial and error method. Prepare six
bags (pol yethylene 127 x 178 x 0.076 mm of each neutralized
carrier (50 g per bag). To the first bag, add an anount of
wat er which is approximately 5 m |less than the carrier's

noi st ure- hol di ng capacity. |If this moisture holding capacity
is 60 m (or 120% add 55 ml. To the next bag, add 5 m | ess
(50 mM). Continue until each successive bag has received 5 ni
| ess than the preceding one. Thus, bag #6 will receive 30 m
of water. Seal the bags with a bag seal er and incorporate the
water into the carrier by kneading. Knead or massage the bags
t horoughly until all noisture has been absorbed and the

carrier/water m xture appears to be honpbgenous.

Exam ne the bags for total absorption of the water. Check for
dry areas in the carrier which can usually be recogni zed, as

unwetted carrier has a |ighter col or.

Allow the six treatnments to equilibrate for two h, then cut

t he bags open and sanple a few granms of each bag with your
hand. A suitable carrier/water m xture should feel noist, but
not soggy. It should crunmble in your hand (i.e., be friable)
and it should not be sticky. From each representative carrier
sel ect that treatnment which has absorbed a maxi num anmount of
water while still retaining friability. Record the

carrier:water ratio and use this information to cal cul ate the



recomended noi sture | evel for each carrier. The recomended
noi sture level is usually given in percent cal culated on the
wet wei ght basis of the final preparation. The inherent

noi sture | evel of the carrier nust of course be taken into
consideration. The total noisture content of the inoculant is
the sum of the weights of broth culture and inherent noisture
of the carrier. Thus, a 90 g package of inoculumwth a

noi sture content of 50% nade froma carrier with an inherent
noi sture |l evel of 10% contains 45 g of dry carrier, 5 g of

i nherent noisture and 40 g of broth inocul um

Determ ne the noisture hol ding capacity of all the carriers
used (powdered and granul ar), then prepare themas outlined in
Table 21.1. A simlar table may be nade for the granul ar
carriers. Record the noisture holding capacities in the | ast

colum of the table.

Gamma-irradi ation (5 nmegarads) is preferred for peat
sterilization over autoclaving. Ganma-irradi ated peat is used
here in one treatnent only since irradi ated peat is often
unavail able. It serves as a standard because its properties
as carrier material for various strains of rhizobia are wel
known. It is regularly used for inoculant production at
Ni f TAL. It is packaged and sealed in 127 x 178 nmm

pol yet hyl ene bags of 0.076 mmthickness. Wigh 50 g portions
of all other carriers into 127 x 178 nmx 0.076 mm

aut ocl avabl e (pol ypropyl ene) bags. Add 1 m of water per bag.



Make an inconpl ete heat seal |eaving the bags slightly open.
Aut ocl ave the bags in a foil covered tray. After the bags

are cool, conpletely heat-seal in a sterile hood.

Table 21.1. Carrier types, treatnents, and quantities
required for inoculant preparation and evaluation using finely

mlled carriers.

Recomrended
Sterilization Carrier Moi st ure
Carrier Tr eat nent Quantity Level
Peat gamma-irradi at ed 4 bags x 50 ¢ 50%
Peat aut ocl aved 4 bags x 50 ¢ *
Peat aut ocl aved 2 trays x 1 kg *
Peat not sterilized 2 trays x 1 kg *
Char coal aut ocl aved 4 bags x 50 ¢ *
Char coal aut ocl aved 2 trays x 1 kg *
Char coal not sterilized 2 trays x 1 kg *
Lignite aut ocl aved 4 bags x 50 ¢ *
Lignite aut ocl aved 2 trays x 1 kg *
Lignite not sterilized 2 trays x 1 kg *

* To be determ ned.

For the bul k preparations, place 1 kg of neutralized carrier

into each of four autocl avable trays approxinmately 46 x 46 cm



wi de and x 10 cm deep. Spread into an even |ayer and cover
with alum numfoil. Set aside two of these trays as
non-sterilized treatnments. Autoclave the other two trays at
121°C and 15 psi for 1 h. Allowto cool in the autoclave over

ni ght .

After sterilization, test a representative sanple of each

aut ocl aved carrier for sterility as described in Exercise 22.

(c) Producing inocul ants

(Key Steps 7, 8 and 9)

Prepare inoculants following the treatnents and replications

as outlined in Table 21.1.

Obtain the fermentor cultures of B. japonicum (TAL 102) and

Rhi zobi um sp. (TAL 1145) which were produced in Exercise 20.

Use broth culture of TAL 102 to inocul ate each 1 kg portion of
t he autoclaved carriers in trays. Add broth culture according
to recommended noisture | evels deternmined in section (b) of
this chapter. Use your gloved hands to mx the broth into the
carrier until its consistency becones uniform (Tools are not
needed for mi xing, but the hands should be covered with
sterile gloves to nmnimze contam nation.) Replace the foil
cover and allow the inoculant to mature at 25-30°C for 2

weeks. Repeat this procedure with TAL 1145 using the second



aut ocl aved tray of each carrier.

Simlarly, prepare inoculants by hand-ni xing the untreated
(nonsterile) bulk carriers with broth cultures of TAL 102 and

TAL 1145.

The presterilized carrier materials in seal ed bags are
aseptically injected with the suitable amount of broth culture
with a sterile 50 m syringe fitted with a sterile 18 gauge

needl e as foll ows:

W t hdraw t he desired anmount of broth culture fromthe outl et
tubi ng of the glass fermentor as described in Exercise 20.
Sterilize a small area in a corner of the carrier bag with 70%
et hanol. Puncture the bag in the sterilized area and insert
the needle carefully to avoid piercing the opposite wall of

the bag. |Inject the desired anpunt of inoculumaimng the tip

of the needle toward the center of the bag.

Seal the puncture hole with plastic |abeling tape and wite on
it the treatnment nunber, the strain used, and the date of
preparation. Work the broth into the peat by kneadi ng the
bags until the liquid inoculum has been uniformy absorbed by
the carrier. |Incubate at 25-30°C for 2 weeks. Obtain

i nocul ants prepared earlier and stored for 6 nonths at room

tenperature. One bag of each will be used in (d).



(d) Testing the quality of the inocul ants
(Key steps 10, 11, and 12)

Rhi zobia in the various treatments are expected to reach their
maxi mal popul ati on 2 weeks after inoculation. Determ ne the

nunber of viable rhizobia in all treatnents.

| nocul ants prepared in bagged ganma-irradi ated and aut ocl aved
carriers are not expected to contain many contam nants. The
usual recommended counting technique is the drop-plate nethod
(Exercise 4). Make serial dilutions of duplicate sanples of
t he 2-week-old inoculants and those stored for 6 nonths.
Plate dilutions ranging from 10 to 10’ on YMA + Congo Red and
on YMA + BTB. |If proper aseptic procedures are not fully
observed, contam nants may be accidentally introduced during
the injection of the broth culture and during serial dilution
and plating. Such contaminants will usually be detectable on
t hese indicator media and their nunmber should al so be

report ed.

The hand-m xed i nocul ants, especially those based on
nonsterilized carriers, can be expected to contain

contam nants and the plant-infection count will be necessary
for a reliable determ nation. Plate counts on indicator media

may be used to give a neasure of the contam nants.

Set up the plant-infection (MPN) count in growth pouches using



Leucaena | eucocephal a as host for TAL 1145 and soybean for TAL
102 (Exercise 5). Plate dilutions of sterile and nonsterile
based carriers from10* - 107, Plate both the 2-week-old

i nocul ants and those stored for 6 nonths from (c).

(e) Collecting, recording and anal yzing the data

(Key step 13 and 14)

Determ ne the nunber of viable rhizobial cells in the various
carrier treatnents as described in (d). Transformthe data to
| ogio and cal cul ate the nmean for the replications. Organize

the data in the format as shown in Table 21. 2.

The experiment with each rhizobial strain is a factorial
involving three carriers (peat, charcoal, and lignite), two
carrier forms (powdered and granular) and three carrier
sterility conditions. Assistance may be needed for

statistical analysis of the data.

Table 21.2. Mul tiplication of B. japonicum (TAL 102) in
i nocul ants prepared from various carriers and under different

sterility conditions.

Logio no. rhizobia per g npist inocul ant

. Peat = ___ Charcoal @ ____ lignite

Carrier
Tr eat ment Powder ed Granul ar Powdered Ganular Powder ed Granul ar

Aut ocl aved in



pol ypropyl ene
bag

Aut ocl aved in
pol ypr opyl ene
trays
Untreated in
pol ypropyl ene
trays

Irradiated in
pol yet hyl ene
bags not done not done not done not done not done

Mean

Conpare the 2-week-old inoculants and note the decline in cel
nunbers. Conpare the different treatnments and deci de whet her
t he nunmber of cells in the 6-nmonth-old inoculants is
sufficiently high to conply with m ni mum standards of quality.
M ni mum st andards are given for the date of expiration,
usually 6 nonths after manufacture. The m ni num st andards
vary in different countries. In Canada, 10° viable rhizobia
per g of peat are acceptable. In the USA, there is no federal
regul ation for quality of |egune inoculants. Sonme of the
states, however, have their own standards, as do the inocul ant
manuf acturers. Australia, |ike NifTAL, requires a m ni mum of
1x10° viabl e rhizobia per g at expiration. These inoculants

are produced with irradi ated peat.

Exam ne the results critically and contenplate the follow ng

guesti ons:



Are all treatnents well above the N fTAL m ni nrum standard for

i nocul ants at expiration?

VWi ch |level of sterility contributes to the highest cell

popul ati on?

How are the carriers affected by the sterilization nmeasures
with respect to their ability to support high cel

popul ati ons?

VWhy are different counting nmethods suggested for different

| evel s of sterility?

Conpare bul k sterilization of carriers in trays with bag
sterilization and explain the advantages and di sadvant ages of

each met hod.



Requi renment s

(a)

(b)

MI11ling inoculant carrier materials

Hamrer m Il with collecting tray, bag, or bucket

Screen shaker equi pped with a 16 nesh, 42 mesh, 100 nmesh
and 200 nesh screens (60 x 60 cmor | arger)

Bal ance 1 - 5000 g capacity

Unground dried peat 5 kg

Unground charcoal 5 kg

Unground lignite 5 kg

Scoop or small shovel

Brush or air jet from conpressor for cleaning hamer mll
O her locally available carrier material (e.g., filter
mud, bagasse, coir dust to replace sonme or all the above
nmentioned carrier materials if these are not available (5
kg of each)

Alum num foil, large roll

Trays to contain 1 - 5 kg of carrier materi al

Prepari ng and characterizing inoculant carriers
Transfer chanber

Bal ance, toploading 0.1 g - 100 g capacity
Magnetic stirrer and 1 inch stirring bar

pH meter

Moi st ure bal ance or drying oven

Bag seal er



(c)

Aut ocl ave

G ass beakers, 500 m

Bottle of pH 7 buffer solution

Beakers (50 m) for pH nmeter calibration

Aut ocl avabl e trays approximately 46 x 46 x 10 cm
Wei ghi ng di shes (nmetal or gl ass)

Measuring cylinder (250 m) with drainhole and sieve
Packaged ganma-irradi at ed peat

Pipettes, 1 m, sterile, one canister

Pi pettes, 5 m

Measuring cylinders, 50 m

Alum num foil, large roll

Sci ssors

Al cohol in spray bottle

Dilution tubes each containing 9 m water

Rubber bulbs, 1 m (for pipetting)

Cal i brated, sterile Pasteur pipettes

Bottle of distilled water, 1 |

Carrier materials from (a)

YMA pl ates contai ni ng Congo Red

YMA pl ates contai ni ng BTB

Pol ypropyl ene and pol yet hyl ene bags (127 x 178 x 0.076 nm
wal | thickness)

Preci pitated cal ci um carbonat e

Produci ng i nocul ants

| ncubat or



Broth culture of B. japonicum TAL 102 and Rhi zobi um sp
TAL 1145 approximtely 13 - 15 |

Four bags each of autoclaved, powdered carriers prepared
fromthree different materials e.g. peat, charcoal and
lignite from (b)

Four bags each of autoclaved granular carriers of the
sane materials also from (b)

Four 50 g bags of neutralized powdered gamma irradi at ed
peat packaged in polyethylene bags (127 x 178 x 0.076 mm
t hi ckness)

Carrier material in trays as prepared in (b)

Powder ed and granul ar peat, two batches of 1 kg each,
aut ocl aved

Powder ed and granul ar peat, two batches of 1 kg each
nonsterile

Powder ed and granul ar charcoal, two batches of 1 kg each
aut ocl aved

Powder ed and granul ar charcoal, two batches of 1 kg each
nonsterile

Powdered and granular lignite, two batches of 1 kg each
aut ocl aved

Powdered and granular lignite, two batches of 1 kg each
nonsterile

Three bags each of inocul ants of Rhizobium (eg. TAL 1145)
and Bradyrhi zobium (eg. TAL 102) nmade from each of the
carriers listed above and stored for 6 nonths at 26°C.

One package of surgical gl oves



Box of 50 ml plastic syringes, sterile
Syringe needles, sterile 18 gauge

Al cohol, 70%

Ti ssue paper

Label i ng tape

(d) Testing the quality of the inocul ants

Pl ates of YMA + Congo Red

Pl ates of YMA + BTB

Plates of YMA + Brilliant G een

Serol ogi cal pipettes (1 m) sterile, glass spreaders
Cal i brat ed Pasteur pipettes, sterile

Dilution bottles with 99 m sterile diluent

Test tubes containing 9 m sterile diluent

Test tube racks

Wi st action shaker (optional)

Bal ance, spatul a wei ghi ng paper

Growt h- pouch racks, growt h-pouches

Pl ant nutrient solution, sterile

Seeds of dycine max and Leucaena | eucocephal a
Bottles of sterile water

Chl orox or hydrogen peroxide for seed sterilization
Concentrated sul furic acid

Erl enneyer fl asks, 500 ml capacity

M croscope slides, cover slips, nounting fluid

Box of flat toothpick



(e) Collecting, recording and anal yzing the data

Plants of G max and L. |eucocephala from (d)

Plates with bacterial colonies from (d)



EXERCI SE 22

TO PREPARE | NOCULANTS USI NG DI LUTED CULTURES OF RHI ZOBI A AND
PRESTERI LI ZED PEAT

The production capacity of small-scal e inoculant production

pl ants using presterilized peat can be increased by using
diluted liquid cultures of rhizobia. |In this exercise, fully
grown cultures are diluted in water and ot her diluents of
different fornulations prior to incorporation into
presterilized peat in packages or in polypropylene trays. The

mul tiplication of rhizobia in the inoculants is studied.

Key steps/objectives

1) Cul ture Rhi zobium sp. and Bradyrhi zobi um sp

2) Make culture dilution flasks

3) Prepare diluents in dilution flasks

4) Prepare and package peat

5) Sterilize peat in packages and pol ypropyl ene trays

6) Prepare YMB + peat bl anks and check for sterility

7) Exam ne YMA Congo Red plates plated with YMB-peat bl anks
8) Perform vi abl e counts on |late | og phase cultures

9) Prepare diluted cultures

10) Inject diluted cultures into peat

11) Mx diluted cultures with autocl aved peat in trays and

package



12) Performviable counts on inoculants at two weeks
13) Performviable counts on inoculants at ei ght weeks

14) Record and anal yze the data

(a) Culturing rhizobia in YMB

(Key step 1)

Prepare 500 M YMB in each of two 1 liter Erlennmeyer fl asks.

| nocul ate one flask with Bradyrhizobiumsp. (e.g., B
japoni cum TAL 102) and the other with Rhizobiumsp. (e.g., TAL
1145 from Leucaena | eucocephala). Both rhizobia should have
antisera available for strain recognition and confirm ng
purity (by serology) to be done later in the exercise.

| ncubate the inocul ated flasks at 25-30°C on a shaker. To
obtain |ate | og phase cultures, allow the fast- and

sl ow-growi ng rhizobia to grow for 4 to 7 days, respectively.
At the end of the specified growth period, check the purity of
the culture by Gram stain and by serol ogy (sinple tube
agglutination or by the FA technique as described in Section

B) .

(b) Making a culture dilution flask and its operation

(Key step 2)

The culture dilution flask is basically a 2 | Erlenmeyer flask
nodi fied by a short glass-tubing outlet at the base of the

flask as shown in Figure 22.1. Seek the assistance of a



skilled glass-blower for fitting the glass tubing to the base

of the fl ask.

Five culture dilution flasks are required per rhizobial strain
(four for diluents and one for the undiluted culture as

control, see Table 22.1).

Attach a piece of surgical |atex tubing of suitable size to
the glass tubing outlet of each dilution vessel. Close the
open end of the latex tubing with a plug nade from a short

pi ece of glass rod. Add appropriate diluent, cover the flask,

and sterilize the entire unit by autoclaving.

To dilute the culture, aseptically introduce (with a pipette
or a hypodermic plastic syringe fitted with a 3.5 cm and 14
gauge needle) the fully grown culture via the nouth of the
culture dilution flask. Swirl the flask to ensure proper

m xing and dilution of the culture in the diluent.

Wthdraw the diluted culture for inoculation with a sterile

pl astic syringe as described for the fernmentor in Exercise 20.

(c) Preparing the diluents

(Key step 3)

The | ate | og phase cultures of each strain are diluted in 20%

(v/v) solutions of yeast mannitol broth (YMB), yeast sucrose



broth (YSB), yeast-water (YW and distilled (or deionized)

A,

| =— Cotton wool plug

] Culture dilution vessel

/N #

Sterile plastic syringe

Diluant
Latex surgical tubing

_De-Glass plug

Glass tubing

Figure 22.1. Apparatus for diluting cultures of rhizobia.

water. YSB has the sane ingredients as YMB (Appendi x 3)
except that sucrose (10 g/l) is substituted for mannitol. YW
is prepared by dissolving 0.4 g of yeast extract (Difco Labs,

M chigan, USA) in one liter of distilled or deionized water.

Accurately prepare 500 mM of 20% YMB, YSB, and YW by m Xxi ng
100 m of full strength media with 400 m of distilled (or

dei oni zed) water in the culture dilution flasks. Prepare each
diluent in duplicate since two strains will be used.

Sterilize the diluents by autoclaving in the dilution flask.

Also, fill two 2 | Erlennmeyer flasks with 750 m of distilled



(or deionized) water each, and sterilize by autoclaving.

These will be used for the bul k i nocul ants.

(d) Preparing packaged presterilized peat and checking for
sterility
(Key steps 4, 5, 6, and 7)

Packages containing 40 g of neutralized peat (pH 6.5-6.8) in 3
ml thickness (0.003 in or 0.076 nm polyethylene and in

aut ocl avabl e pol ypropyl ene bags are needed.

Prepare 62 bags of peat in polyethylene bags and heat seal
after exclusion of all air fromthe bags. Expose the peat in
pol yet hyl ene bags to gamma-irradi ation (2.5-5.0 nmegarads).
Alternatively, prepackaged irradi ated peat is produced
commercially and can be purchased from sone conmerci al

i nocul ant producers.

Simlarly, package 40 g of neutralized peat in 62 autoclavable
pol ypropyl ene bags (127 x 178 x 0.076 nm). Pipette 1 nml of
water into each bag. (Inclusion of water during autoclaving
is necessary for proper sterilization.) Follow the procedure
descri bed in Appendi x 19 on using pol ypropyl ene bags for

aut ocl aving carriers.

Aut ocl ave the peat in the polypropyl ene bags for 45-60 m n at

121°C and 15 psi. Allow sufficient tine for the autoclave to



cool before renoving the autocl aved bags. (Rapid release or
| oss of pressure fromthe autoclave after sterilization should

be avoi ded).

Check the sterility of the treated peat by setting up peat +
YMB bl anks. To set up these bl anks, aseptically inject 30 m
of sterile YMB into peat in two polyethylene and two

pol ypropyl ene bags. Massage the bags to ensure proper

i ncorporation of the YMB into the peat. |I|ncubate the bags at

25-30°C for one week.

At the end of the incubation period, aseptically remove a 10 g
sanple from each bag and transfer into 90 m of sterile water
in dilution bottles. Prepare serial dilutions from10*® to
10*. Plate 0.1 m of each dilution in duplicate on plates of
gl ucose peptone agar and YMA + Congo Red. Check the plates
daily for 7 days for signs of growth and appearance of

nm croorgani sns which survived the sterilization.

If there is growh at any dilution, the sterilization was not
conplete. (It is not unusual to get growth of contam nants
e.g., Actinomycetes, from peat sanples which were previously
irradi ated and stored for a long tine.) |If there is growth,
note the different types of col ony norphol ogy produced by the
survivors. Make wet ampunts of col onies picked fromthe

pl ates and observe under phase contrast m croscopy to

establish cell norphology of the survivors (e.g., bacteria,



filamentous fungi, yeasts, etc.).

Only sterile peat is recommended for inoculant production by

the dilution procedure. However, inoculants have been

prepared from peat with surviving contanmi nants, as |ong as the

cont am nants were not detectable at dilutions higher than 102
I rradi ati on soneti mes does not provide absolute sterility,

but the dilution nethod still produces high-quality inocul ants

in irradiated peat carriers.

(e) Preparing presterilized peat in polypropylene trays

(Key step 5)

Cbtain two sturdy trays (46 x 46 x 10 cm) nmade of autoclavable
pol ypropyl ene. Place 1 kg of neutralized peat in each tray
and spread it out to give a |layer of even thickness. Cover
the tray with alum numfoil. Autoclave both batches of peat
at 121°C and 15 psi for 60 mn. Allow the autoclave to cool
before renoving the trays of sterilized peat. Leave the peat
to cool in the trays overnight. Do not renove the al um num

foil cover.

(f) Preparing diluted cultures of rhizobia

(Key steps 8 and 9)

The various diluents prepared in step (c) are used for

diluting the late | og phase cultures of TAL 102 and TAL 1145.



Perform serial dilutions for viable counts (Exercise 4) of the
| at e-1 og- phase cultures of TAL 102 and TAL 1145. Plate on YMA
+ Congo Red. Use the drop- or spread-plate nmethods. (Late

| og phase cultures may have 1-5 x 10° cells m %),

| medi ately after perform ng viable counts with the undil uted
culture, accurately pipette 1 ml of the broth culture of TAL
102 into 500 m of the 20% YMB in the dilution-flask to obtain
a diluted culture. (The diluted culture will contain

approxi mately 2-10 x 10° cells m !, based on the assunption
that the original undiluted culture had at |east 1-5 x 10°
viable cells m™* The dilution factor is better estimated at
a |ater stage after actual viable counts of the undil uted

culture are obtained.)

Conpl ete the preparation of diluted cultures of TAL 102 with

YSB, YW and water as diluents.

Simlarly, prepare diluted cultures of TAL 1145 using the

various diluents in the dilution fl asks.

(g) Preparing inoculants with presterilized peat

(Key step 10)

Aseptically, with a 50 mM plastic syringe, inject 30 m of the

diluted culture into each package of autoclaved peat and 40 m



in the irradiated peat. |Inoculate the bags as summarized in

Table 22.1.

Tabl e 22.1. Protocol for preparing inoculants of TAL 102 and

TAL 1145 with the various diluents and sterilized peat.

Packages of sterilized
peat needed per strain

Total mM of

ganma- diluted culture
Tr eat ment i rradi ated aut ocl aved needed strain?
wat er 6 6 420
YMB (20% 6 6 420
YSB (20% 6 6 420
YW (209 6 6 420
control * 6 6 420

* consists of undiluted late | og phase cultures

Massage or knead the inocul ated bags to work the inoculuminto
the peat. Label the bags to indicate the appropriate

treatment and the date. |Incubate the packages at 25-30°C.
(h) Preparing inoculants with presterilized peat in
pol ypropyl ene trays

(Key step 11)

Add 10 mM of the late | og phase culture of TAL 102 to the 750



m of sterile water (fromstep c¢c). Swirl the flask to ensure
proper dilution. (The diluted culture will contain

approxi mately 1.33-6.67 x 10’ cells m ! based on the
assunption that the original undiluted culture had 1-5 x 10°
cells mM™) Add this diluted culture to the autocl aved peat

in the tray.

Wrk the diluted culture into the peat by hand-m xing.
Sanitized di sposabl e pol yethyl ene or | atex gloves nust be worn

during the m xing. Hand-m xing wi thout wearing gloves results

in high levels of contami nants. Continue m xing until the

culture is absorbed by the peat. Break up any |unps that nay

result during the m xing.

| medi ately after m xing, weigh out approximtely 70 g

guantities of the peat inoculant into polyethyl ene bags and

heat seal. Label the packages to indicate treatnments and

date. Incubate the bags at 25-30°C.

Repeat the procedure to prepare inoculants of TAL 1145.

Best results are obtained if the m xing and packagi ng of the

i nocul ants are done in sinmple but clean roonms (e.g., 5 x 3 x 3
m. Roonms of this size can be kept clean and disinfected

regul arly.

(i) Determining multiplication of the rhizobia in peat



i nocul ants prepared aseptically

(Key steps 12 and 13)

The inocul ants produced as described in step (g) are nost
unlikely to contain significant nunbers of contam nants as
t hey were prepared aseptically by injecting the diluted

cultures into presterilized (irradi ated and autocl aved) peat.

Determine the nmultiplication of the rhizobia in these
i nocul ants at two and ei ght weeks of storage. Use three

replications of each treatnment at each period of enuneration.

Enunmerate the rhizobia in these inoculants by the drop- or
spread-pl ate nethods (see Exercise 4). Plate dilutions

ranging from10* to 10"

(j) Determning the nultiplication of the rhizobia in the
peat inocul ants prepared by hand-m xing in trays

(Key steps 12 and 13)

Enunmerate the rhizobia in these inoculants at two and ei ght

weeks, using three replications of each treatnment.

The inocul ants produced in step (h) will contain contam nants,
since the m xing of the culture and peat was done without full
aseptic precautions. Miltiplication of the rhizobia in these

i nocul ants nmay be determ ned by plate counts, but nore



reliably by the plant infection technique (see Exercise 5).

Establ i sh ahead of tinme seedlings of L. |eucocephala and
soybean for TAL 1145 and TAL 102, respectively, in growth
pouches. (Growth tubes with seedling agar or NifTAL-tubes may
al so be used for Leucaena.)

Fol l owi ng the recomrendati ons given in Exercise 5, 50
seedlings will be needed for enumerating the rhizobia in each
bag of inoculant. Since three replications of each strain
treatment are being enunerated, 150 seedlings of each host are
needed. Pregerm nate Leucaena seeds after acid

scarification/sterilization (see Appendi x 10).

Prepare serial dilutions of the inoculant ranging from 1072 to
10°*°. Spread-plate dilutions 10° to 10’ on YMA + Congo Red
and YMA + Brilliant Geen for plate counts (Exercise 4).
Record the contanmi nation on the plates and quantify if
possible. Inoculate 10* to 10! dilutions onto plants in

growt h pouches or in tubes.

(k) Collecting, recording and anal yzing the data
(Key steps 14)

Det erm ne the nunber of viable rhizobia in the inocul ants
prepared by the various diluent fornulations, sterilization
and met hod of preparation. Transformthe data to | og; and

cal culate the nean for the replications. Organize the



transfornmed data in the formof Tables 22.2 and 22. 3.

Determ ne the nunber of rhizobia in the inoculants prepared in

step (h) by the MPN net hod.

Table 22.2. Mul tiplication of B. japonicum (TAL 102) in
i nocul ants prepared with diluted cultures and presterilized

peat .

Logio no. of rhizobia g-1 nmoist inocul ant

ganmma-irradi at ed aut ocl aved peat
peat

Di | uent 2w 8w 2w 8w

wat er

YMB (20%
YSB (20%
YW (20%

undi | ut ed
cul ture
contr ol

Table 22.3. Mul tiplication of B. japonicum (TAL 102) and
Rhi zobi um sp. (TAL 1145) in inoculants prepared by m xing

di luted cultures and autoclaved peat in trays

Logio no. of rhizobia g’
nmoi st i nocul ant



Enuner ati on
met hod TAL 102 TAL 1145

Pl ant infection (MPN)
YMA = Congo Red
YMA + Brilliant G een

Anal yze statistically for differences in the various dil uent
treatments for both strains and enuneration nmethods as

indicated in Table 22. 3.

Si nce many bi ol ogical, chem cal, and physical factors
influence the multiplication and survival of rhizobia in
carriers, exam ne the data and contenplate the foll ow ng

guesti ons.

Did the inoculants produced with diluted cultures reach

maxi mum popul ati ons conpared to the undiluted culture control?

How did water performas a diluent in conparison to other

di | uent s?

Conpare the practicality and inocul ant quality of the aseptic
met hod of inoculant preparation in pre-packaged carriers to

that of m xing diluted cultures with autoclaved peat in trays.



Can you confidently recogni ze col onies formed by rhizobia on
pl ates in the presence of colonies formed by other

m croorgani sns during plate counts? How did these plate
counts agree with the val ues obtained by the plant infection

t echni que?



Requi renment s

(a) Culturing rhizobia in YMB

YMA-sl ant cul tures of B. japonicum (TAL 102) and
Rhi zobi um sp. (TAL 1145).

Two 1 | flasks each containing 500 ml sterile YMB
Shaker

Gram stain reagents (Appendi x 3)

Antisera of TAL 102 and TAL 1145 for agglutination
(Exercise 7) or for FA (Exercise 11)

(b) Making culture dilution-flask and its operation.

Ten 2 | Erlennmeyer flasks
d ass tubing

Surgi cal |atex tubing

(c) Preparing the diluents

Distilled or deionized water (500 m)
500 M each of 20% YMB, 20% YSB and 20% YW
Ten culture dilution flasks

Two 2 | Erlennmeyer flasks

(d) Preparing packaged presterilized peat and checking for

sterility



Neutralized peat (approximately 8 kg)

Aut ocl avabl e pol ypropyl ene bags, (approximtely 65

pi eces)

Pol yet hyl ene bags, (approximtely 150)

Bag seal i ng machi ne

Facilities for irradiating peat

Sterile YMB;, sterile 50 ml plastic syringes fitted with
3.5m and 14 gauge needl es

| ncubat or

Pipettes and m Ik dilution bottles containing sterile
wat er

Pl at es of peptone gl ucose agar (PGA)

Pl ates of YMA + Congo Red

Phase contrast m croscope

(e) Preparing presterilized peat in polypropylene trays

Two aut ocl avabl e pol ypropyl ene trays

Al um num f oi |

(f) Preparing diluted cultures of rhizobia

Pl ates of YMA + Congo Red
Two culture dilution-flasks each containing 20% YMB
Two culture dilution-flasks each containing 20% YSB

Two culture dilution-flasks each containing 20% YW



(9)

(h)

(i)

Two culture dilution-flasks each containing sterile water
Late | og phase cultures of TAL 102 and TAL 1145

Preparing inoculants with presterilized peat packages

Five sterile 50 ml plastic syringes fitted with 3.5 cm
and 14 gauge needl es
Packages of gamma-irradi ated and autocl aved peat

Diluted cultures fromstep (f)

Preparing inoculants with presterilized peat in

pol ypropyl ene trays

Two trays of autoclaved peat

Two fl asks each containing 750 m of sterile water from
step(c)

Late | og phase cultures of TAL 102 and TAL 1145

Two sterile 10 m pipettes

Sanitized di sposabl e pol yet hyl ene or |atex gl oves
Spat ul a and wei ghi ng bal ance

Seal i ng machi ne

Determi ning the nultiplication of the rhizobia in peat

i nocul ants prepared aseptically.

Pl ates of YMA + Congo Red and YMA + Brilliant G een
Serol ogi cal pipettes (1 m), calibrated Pasteur pipettes,

mlk dilution bottles with 90 and 99 m diluents, test



t ubes containing 9 m of sterile diluent
Bal ance, spatul a, weighing paper

W ist-action shaker

(j) Determining the nmultiplication of the rhizobia in peat

i nocul ants prepared by hand-m xing in trays .
Requirements as in (i)

Seedlings (7 days old) of soybean and Leucaena
Growt h pouches, N-free plant nutrient solution

(k) Collecting, recording and anal yzi ng t he dat a.

Cal cul ators, statistical tables

Statistical assistance



EXERCI SE 23

TO TEST THE SURVI VAL OF RHI ZOBI A ON | NOCULATED SEEDS

Survival of rhizobia on seeds is related to the nunber of
cells applied, seed coat toxicity, and the method of
application. Various seed inoculation nmethods are conpared in

thi s exercise.

Key steps/objectives

1) Prepare inocul ants

2) Prepare adhesi ves

3) Coat and pellet seeds and gl ass beads

4) Pl ate count rhizobia for viable nunbers on seeds and
beads

5) Record and anal yze results

(a) Preparing inoculants for seed inoculation

(Key step 1)

Prepare sterile carrier based inoculants for a B. japoni cum

strain (e.g. TAL 102) as described in Exercise 21.

One week after inoculating the peat, inoculate two 50 ml
batches of YM broth with TAL 102. |I|ncubate at 25-30°C on the

shaker for 7 days. Set this broth culture aside in the



refrigerator after maxi numturbidity has been reached. This
broth culture is to be used as a liquid inoculum for seed
coati ng.

(b) Preparing adhesives

(Key step 2)

The adhesives (stickers) used in this exercise are water, a
40% sol uti on of gum arabic, a 5% sol ution of methyl ethyl
cellulose (Cellofas A), a 15% sucrose (househol d sugar)
solution, and vegetable oil. Water and oil do not require

speci al preparations.

To prepare the gum arabic solution, heat 100 m of distilled
water to near boiling. Regulate the heat to prevent boiling.
Add granular gumarabic in small (1-2 g) lots while
continuously stirring the m xture. Each |ot should be
conpletely dissolved between additions until a total of 40 g
have been added. The recomrended gum arabic has the
grai ni ness of normal household sugar. Unlike the powdered
formwhich is also frequently used, it dissolves easily and
wi t hout clunping. The solution should be clear and straw
colored. Add 2.5 g of precipitated cal cium carbonate to the
gum arabic solution if the pHis acid. The pH of the
neutralized solution should not be lower than 6.0. Stir again

until it has been evenly dispersed. Refrigerate until needed.

Prepare the Cell ofas A solution by dissolving 5 grans in 100



m distilled water, adding it in small increments while

stirring the solution. Heating may not be necessary.

(c) Inoculating and pelleting seeds

(Key step 3)

| nocul ate soybean seeds in batches of 100 g with inocul ant
preparations indicated in Table 23.1. Also inoculate a
control group of 400 glass beads, 4 or 5 nmin size, using the
sane inoculation techniques as in treatnment 7 of the table.

| f seeds from other | egunme species are chosen for this
exerci se, refer to Appendi x 20 for recomended anounts of
adhesi ve and i noculant. The gl ass beads should be

approxi mately the same size as the seeds. Containers,
spatul as, and gl ass rods should be sterile. @ ass beads
shoul d be well washed with detergent, rinsed with distilled
wat er, and oven dried. Seeds are not surface sterilized for

this exercise.

Four inocul ant coating nmethods are shown in Table 23. 1.

Direct coating (Treatnent 1), the slurry method (Treatnents
2-6), the two-step nethod (Treatnments 7-9), and seed pelleting
(Treatnents 4 and 8) are used in conbination with the slurry

met hod and the two-step nethod, respectively.

Direct coating is self explanatory. Place seeds into a 1

liter flask; add 2 m of inoculant broth and shake for



approximately 1 mn until

Spread seeds on cl ean paper

The slurry method is nost commonly used by farmers. It

Tabl e 23. 1.

all seeds are uniformy wetted.

and allow to dry.

is the

Amount of stickers, inoculant and |linme used for

various inoculation and pelleting methods

Tr eat ment
No.

| nocul ati on

Sticker | nocul ant Pel | et Met hod

______ broth o direct coating
(2.0
m)

wat er peat slurry

(1.5 m) (0.5 9)
gum Ar abi c peat slurry (with
(1.5 m) (0.5 9g) adhesi ve)
gum Ar abi c peat CaCO; slurry (with
(2.0 m) (1.0 9) (20 9 adhesi ve +

l'ime)

sucrose peat slurry (wvith
(1.5 nm) (0.5 g) adhesi ve)
Cel l ofas A peat slurry (with
(1.5 m) (0.5 9) adhesi ve)
gum Ar abi c peat 2-step

(1.0 m) (1.0 9)
gum Ar abi c peat CaCO; 2-step (with
(2.0 m) (1.0 9) (20 Q) l'ime)
veget abl e peat 2-step

oi | (1.0 g)

(1.0 m)




nost econom ¢ nmet hod, using | ess sticker and inocul ant.

| medi ately before use, m x sticker solution and the peat

inoculant at a ratio of 1:3. Place seeds into a 500 m beaker
and add approximately 2 ml of the slurry to the seeds using a
smal | measuring spoon. Stir continuously until the seeds are

uniformy coated. Spread seeds on clean paper to dry.

The two-step nethod is especially useful when | arge nunbers of
rhi zobia nmust be applied to the seed. Approximtely ten times
as many rhizobia can be bound to the seed as conpared to the
slurry nmethod. In this nethod, the sticker and the inocul ant
are applied to the seed separately. 1In the first step the
seeds are uniformy coated with the sticker. In the second

step, the inoculant is added to the sticky seeds.

Pl ace the pre-weighed seeds into a plastic bag. Add the
sticker and then inflate the bag. Twi st the bag shut to trap
as much air as possible inside the bag. Swirl the bag for at
| east one min or until all the seeds are uniformy wet. Open
t he bag, add the inoculant, reinflate the bag and shake
gently. Stop as soon as the seeds are unifornmy black. Stop
at this stage as prolonged shaking will break down the

coating. Again, dry the seeds on cl ean paper.



Gaugi ng the correct quantity of sticker solution is inportant
in this method and i s based nore on experience than any
specific recipe. Satisfactory coating will not occur if there

is too little or too much gum

Seed pelleting is used to provide the inoculant with

addi ti onal protection for survival.

| medi ately after seed coating add cal cium carbonate to the
sticky seeds in the plastic bag. Inflate the bag and gently
shake for 1 min or until all seeds are uniformy white. Dry

on cl ean paper.

The gl ass beads are included as a control since their surface
is relatively inert. Conparison of the various seed

i noculation treatnents with gl ass bead controls will help in
the detection of significant effects of toxic seed coat

di ffusates.

Di vide each treatnent of inocul ated seeds and gl ass beads into
two batches of equal size. Store one batch at 4°C (batch A)
in the refrigerator and the other batch (batch B) at room
tenperature (25-30°C). Petri dishes are recommended as

st orage cont ai ners.

(d) Determ ning the number of viable rhizobia on seeds

(Key steps 4 and 5)



The number of rhizobia on the seeds and gl ass beads of each
treatment will be determned at 0, 1, 2, 3, 6, and 9 days

after inocul ati on.

On each plating day, renmove 20 seeds from batch A of each
treatment (stored in the refrigerator) and 20 seeds from batch
B of each treatnment (stored at roomtenperature). Mke four

subsanpl es of five seeds from each

If all treatnments shown in Table 23.1 are chosen, (nine
treatments-including the control-at two tenperatures divided
into four subsanples) the total nunber of sanples to be plated

on one day will be 9 x 2 x 4 = 72.

Transfer each subsanple into a screw capped test tube
containing 5 m of sterile diluent. Shake the test tubes
vigorously for 5 mn to wash the inoculum off the seeds. One
m of the resultant suspension will contain the rhizobia
derived fromone seed. Make a serial dilution from10*! to 107

from each subsanpl e as described in Exercise 4.

Plate 0.1 nl of each dilution by the spread plate nethod on
YMA plates containing Brilliant Geen (1.25 i/m) and on YMA
pl ates containing Congo Red (25 i/m). The Brilliant G een
will suppress fungal growth while Congo Red will aid in

det ecti ng contam nants.



Count the rhizobial colonies and express the results as nunber
of viable rhizobia per seed basis. Also, convert viable

rhi zobia per seed to per cent of 0 day viability. Enter both
t hese data side by side. Organize the results of all counts
as in Table 23. 2.

Cal cul ate the standard deviation for replicated sanpl es using

the follow ng formul a:

Vhere g’= standard deviation
x = mubers comted
r = mmber of replicates

Exanpl e: The counts of four replicates of a given dilution

ar e:

x = 1.5%10% 2.4 x 10% 1.8 x 10% 2.0 x 10°
log,y % = 5.18; 5.38; 5.25; 5.30
r = 4; (r-1)=3
px?) = (5.18)2 + (5.38)2 + (5.25)2 + (5.30)2 = 111.429
(tx)2 = 445,632
(5x)2 445,632

= = 111,408
T 4

g2- 11429 - 111,408 _ 0.021 _ o7

3 3

s®= 0,007



Cal cul ate the standard deviation for each treatnment and

tabul ate the results.

Differences are significant if they exceed the standard

devi ation by a factor of two.

Pl ot two graphs using the nmean counts of each treatnment

(a) Mean | og of viable rhizobia per seed (Y-axis) against
time (X-axis). This graph will show which treatnent permts
the | argest nunber of cells to be applied to the seed and al so
whi ch treatnment allowed the | ongest survival of the applied

i nocul um

(b) % viable rhizobia per seed (Y-axis) against tine

( X-axi s).

This graph will indicate the percent decline of the applied

inoculumin relation to the initial nunber of viable cells.

Tabl e 23.2. Percentage viability of rhizobia per seed as

af fected by different methods of inoculation.

Vi abl e rhi zobi a per seed after (days)

Tr eat nent
Nunber

0 -1 2 3 _6 -9



0 N O O A WD

3 ass beads

(control)

Requi renment s

(a)

Preparing inocul ants

Transfer chanber

Pl at f orm shaker; incubator; refrigerator

| nocul ati on | oop; bunsen burner

Requi rements for Gram stain (Appendi x 3)

Syringe 50 m, sterile; needle, 18G sterile

Erl enmeyer flasks (20) 250 m capacity

YMB (2 liters)

Pl ates of YMA and BTB; plates of YMA and Congo Red
Solution of BTB (0.5% in al cohol)

Spreader; beaker of alcohol (95%, spray bottle of
al cohol (70%

Sterile peat, sealed bag of 50 g



(b)

(c)

Pipettes, 1 m, sterile; test tube, sterile

Prepari ng adhesives

Refrigerator, bal ance,

Hot plate (unit which includes a nmagnetic stirrer if
possi ble); stirring bar

Beakers, 100 m capacity

Wei ghi ng paper; spatul a

Cal ci um car bonate (precipitated powder)

Met hyl ethyl cellulose (Cellofas A); gum arabic; sugar

Distill ed water

Coating and pelleting seeds

Refrigerator, bal ance

Spat ul a, bunsen burner, wei ghi ng paper

G ass stirring rods; glass beads (400)

Pipettes 5 m, pipettes 10 m (w de nouth)

Beakers 100 m

Pl astic bags (2 | capacity)

Distilled water; alcohol in spray bottle

Gum arabic solution from(b), Cellofas A solution from
(b), sugar solution

Cal ci um car bonat e powder

Paper towels (to place coated seeds on for drying)

Petri di shes



(d)

Peat inoculant from (a), broth culture from (a)

Soybean seeds (800 Q)

Determ ning the number of viable rhizobia on seeds

Transfer chanber

| ncubat or, bunsen burner, refrigerator

Pipettes, sterile 1 m

Tubes (20 M) screwcapped with 5 m sterile diluent
YMA plates containing Brilliant G een

YMA pl ates contai ni ng Congo Red

Coated seeds from (c)
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APPENDI X 1

CHARACTERI STI CS OF THE SUBFAM LI ES OF LEGUMES ( AFTER
PURSEGLOVE 1978)

Caesal pi ni oi deae

This subfam ly has 152 genera and nearly 2,800 spp. of trees
and shrubs, rarely herbs, nostly tropical and subtropical and
nost nunmerous in tropical America. Lvs. nearly al ways
alternate, pinnate or bipinnate; stipules paired, nostly

deci duous; stipels nostly absent. Fls. zygonorphic, often
showy, usually hermaphrodite; sepals 5 or 4 by union of 2
upper sepals, nostly free, sonetinmes nuch reduced when 2
bract eol es which are |large and cal yx-1i ke cover bud; petals 5
or fewer with upper petal innernost in bud; stanens 10 or
fewer, free to variously connate, dehiscing |engthw se or by
term nal pore; ovary superior, 1-locular, 1-many ovules, style
sinple. Fr. a |legune or indehiscent and drupaceous. Seeds

sonetinmes arillate, rarely with endosperm

M npsoi deae

This subfam |y has 56 genera and about 2,800 spp. of trees and
shrubs, very rarely herbs, mainly confined to the tropics and
subtropics and nmore nunmerous in the southern hem sphere. Lvs.
usual ly bipinnate, rarely once pinnate, sonetines reduced to
phyl | odes; stipules present, sonetines spinelike. Fls.

acti nonorphic, small, usually sessile and massed in



cylindrical spikes or globose heads; sepals usually 5, nostly
val vate and united to forma toothed or |obed cal yx; petals
same nunber as sepals, valvate, free or connate; stanmens often
numer ous, free or nonadel phous; anthers small, versatile,
often with apical gland, dehiscing |ongitudinally; ovary
1-1ocul ar superior, style usually filiform stigma small and

term nal . Fr. dehi scent or indehiscent, sometines a | omentum

Papi |l i onoi deae

According to the International Rules of Botanical
Normencl ature, it would appear that the correct nane for this
subfam |y is either Faboi deae or Lotoideae. It is sonetines

desi gnat ed Papi |l i onat ae.

This subfam |y has about 480 genera and 12,000 spp. of trees,
shrubs, herbs, and clinbers, generally distributed throughout
the world, with the nore primtive woody genera nostly in the
tropi cs and the nore advanced herbaceous genera nore conmmon in
the tenperate regions. Due to the very distinctive structure
of the flower, menbers of this subfamly are very honbgeneous

and easy to recognize.

Lvs. usually alternate and nostly conmpound, pinnate,
trifoliate or digitate; stipulate; stipules often present at
base of individual leaflets. Fls. zygonorphic and typically
papi |l i onaceous; nostly hermaphrodite; cal yx tubular and

usually 5-toothed; petals 5, inbricate with descendi ng



aestivation; upper (adaxial) petal exterior, usually |argest,
form ng standard (vexillum); 2 |lateral petals nore or |ess
parallel with each other form ng wings (alae); and | owest 2
petals interior, usually joined by |ower margins, to form kee
(carina), which enclosed stanens and ovary. Stanmens usually
10, nmonadel phous (all united by filaments) or diadel phous with
9 united by filaments and with upper or vexillary stamen free;
rarely all stamens free; nostly all perfect; anthers
2-locullar, usually dehiscing | engthwise by slits. Ovary
superior, of 1 carpel, usually 1-locular, sonmetinmes with fal se
septa; ovules 1-many on ventral suture. Fr. usually a |egume
or pod, splitting along dorsal or ventral sutures or both;
soneti mes i ndehiscent; occasionally jointed and breaking into

1- seeded segnents. Seeds usually w thout endosperm



Figure A.1. Subfam |y Papilionoideae. 1. Front view of flower
of Pisum sativum (pea); 2. petals of P. sativum 3. flower of
Psophocar pus tetragonol obus (w nged bean) from bel ow, 4.

fl ower of Psophocarpus tetragonol obus in |ongitudinal section.
a- posterior or standard petal; b-lateral petal; c-keel petals
(carina); d-sepals; e-stigma; f-style; g-anther; h-filanent;

i-ovary wall; j-ovule.



Figure A. 2. Subfam |y Caesal pi noi deae. 1. bud of Cassia sp;
2. flower of Cassia sp; and 3. longitudinal section through
fl ower of Delonix regia (Flame of the Forest of Poinciana).
a-petal; b-sepal; c-stigm; d-style; e-filanment; f-anther;

g- ant her of stam noid; h-posterior or standard petal; i-ovary

wal | ; j-ovule.



Figure A.3. Subfamly M npsoi deae. 1. Floret of Adenanthera
pavoni na; 2. inflorescence (gl obose head) of Leucaena

| eucocephal a in longitudinal section show ng arrangenment of
florets on torus; 3. floret of L. |eucocephala (side view); 4.
floret of L. |eucocephala (top view). a-petal; b-sepal;

c-stigmp; d-anther; e-filanent; f-style; g-ovary.



Figure A 4. Legunme pods. 1. Strongyl odon |ucidus; 2.
Tamari ndus indica;, 3. Acacia farnesiana, 4 Parkinsonia
acul eata; 5. Prosopis pallida; 6. Lablab purpureus; 7. Pisum
sativum 8. Psophocarpus tetragonol obus; 9. Arachis hypogaea;

10. cicer arietinum 11. Leucaena | eucocephal a.



Leaf Shapes

Figure A.5. Leaves of |egunes and associ ated structures.

Leaf shapes: 1. oblong; 2. cuneate; 3 cordate; 4. linear; 5.

| anceol ate; 6. ovate; 7. oval. Leaf arrangenents: 8.

bi - pinnate; 9. pinnate; 10. palmte; 11. sinple; 12.
trifoliate; 13. branch of Pisum show ng 5-branched tendril (a)

and stipule (b); 14. bi-pinnate | eaf show ng position of



pul vinus (c); 15. Acacia seedling show ng sinple phytol odes

(d), and true conpound | eaves (e).

Figure A.6. Some representative shapes of | egum nous nodul es.
Spherical: a. gl obose and streaked, e.g., dycine ngx,

Cal opogoni um and Vigna radi ata; b. peanut (Arachis hopogaea);
c. sem -gl obose with smpoth surface, e.g., Vigna unguiculata
and Psophocarpus. Finger-like forns: d. elongate and | obed,
e.g., Leucaena and M nosa. Fanshaped: e. coralloid, e.g.,

Crotalaria and Calli andra.






APPENDI X 2

THE NODULE PRESERVATI ON VI AL

Screw cap of vial

MNodule(s)
— r o
roiy s}
T 1
gt
(-5 Cotton wool
‘Cj e
e
Desiccant

(Anhydrous CaCl,
or silica gel)

Figure A.8 Nodule preservation vial

The apparatus diagrammed above is a convenient nethod for
nodul e collection/preservation during field trips. Nodul es
collected this way can last 612 nonths, though recovery of
the rhizobia during isolation may vary dependi ng on the | egune

speci es.

Sel ection of plant(s) to sanple nodul es

Nodul es should be collected from healthy, green plants. Such
plants (if nodul ated) usually have | arge nodules with pink/red

interiors which may indicate effective fixation



Excavate plants carefully and renmove adhering soil particles.
Exci se each nodule from the roots, leaving a small piece of
root attached. Place the nodules (at |least five) in the vial

and cap tightly.

For tree |l egunes, seedlings are the best source of nodul es.



APPENDI X 3

MEDI A AND STAI NI NG SOLUTI ONS

Yeast Mannitol Broth (YMB)

Constituents:
Manni t ol 10.
KoHPO,
MySOs. 7H,0
NaCl

Yeast Extract

o o1, N 01 O
Q Q@ Q@ «a@ «

= o o o ©

Distilled Water liter
*Thi s ampbunt has been used traditionally, however nore recent
findings (H Keyser, unpublished) showthat 1 g | 'is

sufficient for nobst rhizobia.

Pr epar ati ons:
- Add mannitol and salts to 1 | distilled water
- Di ssolve under continuous stirring
- Adjust pHto 6.8 with 0.1 N NaOH

- Autocl ave at 121°C for 15 m n.

Yeast Manni tol Agar (YMA)

Consti tuents:



Yeast Mannitol Broth 1 liter

Agar 15 ¢

Preparation
- Prepare YMB
- Add agar, shake to suspend evenly, autoclave.
- After autoclaving, shake flask to ensure even m xi ng of

nel ted agar with nedium

G ucose Peptone Agar

| ngredients per liter:

d ucose 5909
Pept one 10 ¢
Agar 15 ¢

Preparation
- Dissolve glucose and peptone in 1 liter distilled water
- Add 10 m BCP stock solution* to achieve a BCP
concentration of 100ig m 1! (Prepare BCP stock
sol ution by dissolving 1 g BCP in 100 m et hanol)
- Add agar and suspend evenly

- Autoclave at 121°C for 15 m nutes

Fermentor Broth (Burton, 1967)

Constituents per liter:

Manni t ol 2.0 ¢



Sucr ose 10.0 g

Tri pot assi um phosphat e (K;PQ,) 0.2 g
Monopot assi um phosphat e ( KH,PQO,) 0.4 ¢
Magnesi um sul phat e (MySQ,. 7H,0) 0.2 g

Sodi um chl ori de (NaCl) 0.06 g

Cal ci um car bonat e (CaCQ;) 0.2 g
Cal ci um sul phate (CaSO,. H,O 0.04 g
Yeast Extract 0.5 g
Ammoni um phosphat e [ ( NH;) ;HPO,] 0.1 g
Wat er 1000 m

M cronutrient — Stock Solution (Burton)

Constituents:

Boric Acid (H:BG) 2.78 ¢
Manganese sul phate (MSQ,. 7H,0) 1.54 ¢

Zi nc sul phate (2ZnSQ,. 7H,0) 0.21 ¢

Sodi um nol ybdat e ( Na;Mo(Qy) 4.36 ¢
Ferric chloride (FeC ;. 6H,0 5.00 ¢
Cobal t sul phate (CoSQO,. 6H,0 0.004 ¢
Lactic acid (88% 580 m
Distilled water 420 m

*Addition of 1.0 m per liter of mediumgives: boron 0.5 ig;
manganese 0.5 ig; zinc 0.05 ig; molybdenum 1.0 ig; iron 100 ig

and cobalt 0.0005 ig per liter (or parts per mllion).



- Dissolve mannitol, sucrose, yeast extract and salts in
1 liter distilled water
- Add 1 m of mcronutrient stock solution

- Autocl ave at 121°C for 15 m n.

Bergersen’s defined nediumfor preparation of Rhizobiumfor

anti serum production

Consti tuents:

KoHPO, 1.0 g
KH,PO, 1.0 g
MySOs- 7H,O 0.25 g
CaCl ,- 6H,0 0.1g
FeCl ;- 6H;0O 0.01 g
Sodi um gl ut anat e 1.10 ¢
Manni t ol 10.00 g
Agar 15.00 ¢
Wat er 1 liter

Di spense known volumes into bottles, autoclave and add 1 m of

Bi otin-thiam ne solution per liter.

a. Dissolve 0.1 g thiamine and 0.025 g biotin in 1 liter

distilled water.

b. Dispense 2 m quantities via sterile Seitz or MIIlipore

filter into small bottles (dispense 50 and di scard renai nder



of solution).

c. Store in freezer and di spense aseptically into autoclaved

mediumat 1 m/liter.

DYES | NCORPORATED | N MEDI A

Bront hynol Bl ue (BTB)

St ock solution: 0.5 g/100 m ethanol
Add 5 m stock/liter YMA

Fi nal concentration of BTB: 25 ppm

Congo Red (CR)

St ock solution: 0.25 g/100 ni
Add 10 m stock/liter YMA

Fi nal concentration of CR 25 ppm

Broncresol Purple (BCP)

St ock solution: 1 g/100 m et hanol
Add 10 m stock per liter peptone glucose agar.

Fi nal concentration: 100 ppm

Brilliant Green (BG




St ock solution: 125 ng/ 100 m et hanol
Add 1 m stock to 1 liter of YMA before
aut ocl avi ng

Fi nal concentration of BG 1.25 ppm

YMA with antibiotics

Streptonycin (str)

Stock solution: 400 ng str/100 mM water (4 ng str/m)
Add 5 m str stock/500 m YMA to make pl ates
containing 40 g str/m .
10 m str stock/500 m YMA for plates

containing 80 pg str/m.

Spectinonycin (spc)

Stock solution: 1.25 g spc/50 mM water (250 ng spc/m)
Add 5 mM spc stock to 500 m YMA for plates
with 250 pg spc/m.
Add 10 m spc stock to 500 M YMA for plates
with 500 ng spc/m .

Aut ocl ave YMA together with magnetic stirring bar in an
Erl enneyer flask. Add filter sterilized antibiotics after the

agar has cool ed bel ow 80°C. M x well and pour after bubbles



resulting fromm xi ng have di spersed.

Fahraeus C- and N-free Mudi unt

CaCl » 0.1g
MySOs- 7H,O 0.12 g
KH,PO, 0.1g
Na,HPO,- 2H,0O 0.15 g
Ferric citrate 0.005 g
*Mh, Cu, Zn, B, M traces
Distilled water 1000 m
PH after autoclaving is 6.5

Sterilize at 121°C for 20 m nutes.

Seedl ing Agar (Jensen, 1942)*

CaHPO, 1.0 g
KoHPO, 0.2 g
MySO,- 7H,O 0.2 g
NaCl 0.2 g
Fed ;3 0.1 g

Wat er 1.0 liter
Agar 15.0 ¢

M croel enent s? 1.0 M (G bson 1963)*

®From stock containing: 0.5%B; 0.05% Mi; 0.005% Zn; 0.005%
Mo; and 0. 002% Cu.



*Taken from Vi ncent 1970

Seedl i ng Agar Sl ants

Aut ocl ave seedling agar at 121°C for 15 m nutes and di spense
equal volunmes into tubes (tube size depends on plant species).
An appropriate amunt of nolten agar is dispensed so that
after solidifying in inclined tubes, a 5-10 cm |l ong agar face

is presented for seedling growth.

SOLUTI ONS FOR GRAM STAIN (Vincent, 1970)

Solution |I: Crystal violet solution
Crystal violet 10 ¢
Ammoni um oxal at e 4 g
Et hanol 100 m
Water (distilled) 400 m

Solution Il: 1odine solution
| odi ne lg
Pot assi um i odi de 2 g
Et hanol 25 m
Water (distilled) 100 m

Solution I1I1: 95% Et hanol



Sol ution |V: Count erstain
2.5% Safranin i n ethanol 10 m
Water (distilled) 100 mi

Car bol Fuchsin Stain

Basi ¢ fuchsin lg
Et hanol 10 m
5% phenol sol ution 100 mi

The fuchsin stain should be diluted 5-10 tinmes with distilled

wat er before use.

Preparati on of Yeast Water

Fresh starch-free cakes of yeast are preferred in making
yeast-water. Suspend 100 g of yeast in 1,000 m of water and
boil slowy or steamfor 3 to 4 hours, replacing the water

| ost regularly. Allow the cooled suspension to stand unti
yeast cells have settled (usually 10 to 12 hours) to the
bottom Siphon off the clear, strawcolored |iquid; adjust
the liquid to pH 6.6 to 6.8 with sodi um hydroxide; bottle and
autoclave for 30 to 40 m nutes at 121°C. Foll ow ng
sterilization, the yeast water may be stored at room

t enper at ur e.



Dried yeast may al so be used in naking yeast-water. One kg of
dry yeast is equivalent to about 2.5 kg of wet yeast. Suspend
40 g of dry yeast in one liter of water. Boil, decant,

bottle, and sterilize in the same way as described for fresh
yeast. One hundred nml of yeast-water should contain about 75

nmg of nitrogen.

Yeast extract powders prepared by spray-drying aqueous

aut ol yzed yeast preparations are available in nmany countri es.
When t hese are avail able, about 0.5 g per liter of the dried
preparation is used to replace yeast-water. Dry preparations

are convenient and usually satisfactory.

The nedi a contai ning yeast may foam excessively when aerat ed
vigorously in fermentor vessels. Foanm ng can be controlled by
adding a small armount of sterile white mneral oil or silicone

enul si on.

Pr eparati on of Soybean \Wter

Gind 100 g soybean seeds to a course flour and place in 1000
m of water. Boil slowy for 2 hours replacing the |ost water
regularly. Allow to cool and centrifuge at 5000 rpm Renove
t he supernatant, autoclave, and store. For rhizobia nedia,
use 100 m per liter. Nitrogen sources can al so be prepared

fromother grain | egume seeds in the sanme way.



Table A.1. N-free Nutrient Solution (Broughton and Dillworth, 1970).

St ock
Sol uti ons El enent M Form MWV g/l M

1 Ca 1000 CaCl ,» 2H,0 147. 03 294.1 2.0

2 P 500 KH,PO, 136. 09 136.1 1.0

3 Fe 10 Fe-citrate 355. 04 6.7 0.02
My 250 My S04 7H,O 246.5 123.3 0.5
K 250 K.SO, 174. 06 87.0 0.5
Vh 1 M SO, H,O 169. 02 0. 338 0. 002

4 B 2 H:BOs 61. 84 0. 247 0. 004
Zn .5 ZnSOys 7H,O 287. 56 0. 288 0. 001
Cu .2 CuSQOye 5H,0 249. 69 0. 100 0. 0004
Co .1 CoSOye 7H,O 281.12 0. 056 0. 0002
Mo .1 Na,Mb O, 2H,0 241. 98 0. 048 0. 0002

For each 10 liters of full strength culture solution, take 5.0 m each of solutions 1
to
4, then add to 5.0 liters of water, then dilute to 10 liters. Use 1 N NaCH to adj ust

the pHto 6.6-6.8. For plus N control treatnments, KNO; (0.05% is added giving an N



concentration of 70 ppm
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REAGENTS

Bi ur et Reagent

In 500 mM distilled or deionized water, dissolve:
Copper sul fate (CuSQ,. 5H,0 1.5 ¢
Sodi um potassiumtartrate 6.0 g

( NaKC,4H,Os. 4H,0)

To this m xture, add 300 nml of CO,-free 10% NaOH sl ow y under

continuous stirring.

Add CO,-free HLOto make this reagent up to 1 | and store in a

tightly screw capped pol yethyl ene or glass bottle in the cold.

Nessl er' s Reagent

In 15 mM of distilled water, dissolve:

Mercuric chloride 1.0 g
Pot assi um brom de 5.0 g
Sodi um hydr oxi de 2.5 ¢

Dilute to 100 m, refrigerate. Allowto sit in the



refrigerator for 5 days. Use the upper clear solution only,

or

filter.

Preparati on of Gel ati n- Rhodani ne | sot hi ocyanate (Rhl TC)

Conj ugat e

1. Prepare a 2% gel atin sol ution.

2. Add 1IN NaOH dropw se until pH reaches 10-11.

3. Aut ocl ave for 10 mn at 15 psi and 121°C

4. After cooling add rhodam ne i sot hi ocyanate (RhlTC)

di ssolved in a mninmum vol ume of acetone to provide 8 ig
of dye per one nmg of gelatin. Renove residues by
filtration through a 45i m nenbrane filter.

Al l ow conjugation to proceed overnight with gentle
stirring.

The conjugate is separated from unreacted Rhl TC by ge
filtration on Sephadex G 25, using PBS pH 7.1
(alternatively the preparation could be dialyzed agai nst
PBS pH 7.1 until no further color is detected in the

di al ysate).

Add nerthiolate to the conjugate (1:10,000) and

di stribute the conjugate in small volunmes into screw cap
tubes and store at -20°C. Alternatively, the bulk of the
conjugate could be freeze-dried and stored in a

desi ccator. When needed, the desired amount of the dry

sanpl e should be reconstituted in distilled water.



Mounti ng Medi um (taken from Kawanmura, 1969)

Buf fered glycerol or elvanol is comonly enpl oyed.

Fl uorescence fades in a short tine (about 30% overni ght and
then nmore gradually) in glycerol but remains for a |l onger tinme
in elvanol. The fluorochrome of the rhodam ne series

di ssolves in elvanol, however, and therefore it cannot be used
except with FITC-I abeled antiserum The pH of the buffered
glycerol is normally 7.0 to 7.5. However, we have used it at

a pH of 8.5 with good results.

Buf f ered gl ycerol sol ution

0.5 M carbonate buffer (pH 9.5) | vol.
G ycerine (reagent grade, 9 vol.

free of autofluorescence)

The two reagents are m xed thoroughly (with a nmagnetic

stirrer). The final pH should be 8.5.

El vanol (Elvanol -buffered glycerine m xture)

El vanol (polyvinyl alcohol, 51-05 grade) 1 vol.
0.5 M carbonate buffer (pH 9.0) 4 vol .

The two reagents are m xed with a magnetic stirrer for 16 h.

One vol une of reagent grade glycerine is mxed with two



vol unes of the above m xture. The final mxture is stirred
again with a magnetic stirrer for 16 h, centrifuged for 60 mn

at 12,000 rpm and the pH of the supernatant corrected to 8.5.

The final product should be kept in an air-tight container.
It is best stored in tubes and kept in the dark. It wll

harden under the cover glass and fix it firmy.
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BUFFERS ( FROM CONRATH 1972)

0.1 M Phosphate Buffer

1. Prepare stock sol utions.

(a) 0.2 Msolution of nonobasic sodi um phosphate
(NaH,PO,. HbO) Dissolve 27.8 g in 1000 m of distilled

wat er .

(b) 0.2 Msolution of diabasic sodium phosphate
Di ssol ve 52. 65 g of Na,HPO,. 7TH,O or 71.7 g of
Na,HPQO,. 12H,0 in 1000 m of distilled water.

2. Mx x m of (a) with y m of (b), according to the
following table, and dilute to a total of 200 m wth

distilled water.

Phosphate buffered saline (0.01 MpH 7.1) (Used in FA

purification)

Mx 330.0 ml of awith 670.0 mM of b, dilute with saline (8.5
g of NaCl per liter of distilled water) to 20 liters.
Add Merthiolate at a concentration of 0.01% (200 nl of a
1% solution to 20 liters PBS).



Table A. 2. Schedule for preparation of phosphate buffers.

a b pH a b pH
93.5 6.5 5.7 45. 0 55.0 6.9
92.0 8.0 5.8 39.0 61.0 7.0
90.0 10.0 5.9 33.0 67.0 7.1
87.7 12.3 6.0 28.0 72.0 7.2
85.0 15.0 6.1 23.0 77.0 7.3
81.5 18.5 6.2 19.0 81.0 7.4
77.5 22.5 6.3 16.0 84.0 7.5
73.5 26.5 6.4 13.0 87.0 7.6
68.5 31.5 6.5 10.5 87.0 7.7
62.5 37.5 6.6 8.5 91.5 7.8
56.5 43.5 6.7 7.0 93.0 7.9
51.0 49. 0 6.8 5.3 94.7 8.0

0.15 M Phosphate Buffer

1. Preparation of stock sol utions

(a) 0.15 M NaH,PO,
Di ssolve 2.0702 g in 100 m of distilled water

(b) 0.15 M Na,HPO,
Di ssolve 2.1294 g in 100 m of distilled water

(c) 0.15 M KH,PO,
Di ssolve 2.0413 g in 100 m of distilled water

2. Phosphate buffer, pH 5.6



Mx 13 m of (b) with 187 m of (a). (Adjust pHif

necessary)

3. Phosphate buffer, pH 6.4
Mx 32.2 m of (b) with 67.8 m of (c). (Adjust pH

i f necessary)

4. Phosphate buffer, pH 7.2 - 7.3
Mx 24 m of (c) with 76 m of (b). (Adjust pHif

necessary)

0.15 M Phosphate Buffer., pH 8.0

1. Di ssol ve 10.6 g of anhydrous Na,HPO, i n about 450 m of

distilled water

2. Adjust the pHto 8.0 by the dropwi se addition of 1 N
hydrochl oric acid; then dilute to 500 m with distilled

wat er

3. Check pH occasionally

0.15 M Phosphate Buffer, pH 9.0 (Used in the conjugation of
EA)

Same as above without the addition of hydrochloric acid (Used

for FA conjugation)
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(a) MFARLAND NEPHELOVETER BARI UM SULFATE STANDARDS ( FROM
LENETTE ET AL., 1974)

1. Prepare 1% aqueous barium chl ori de and 1% aqueous

sul furic acid sol utions.

2. Add the anmpunts indicated in Table A6.1 to clean dry
anpoul es. Anpoul es shoul d have the sanme dianeter as the
test tube to be used in the subsequent density
determ nati ons.

3. Seal the anpoul es and | abel them

Table A. 3. Preparation of MFarland nephel ometer barium
sul fate

st andar ds.
Bari um Sul furic Correspondi ng appr ox.
chl ori de acid density of bacteria
Tube 1% () 1% (i (mllion/m)
1 0.1 9.9 300
2 0.2 9.8 600
3 0.3 9.7 900
4 0.4 9.6 1,200
5 0.5 9.5 1, 500
6 0.6 9.4 1, 800
7 0.7 9.3 2,100
8 0.8 9.2 2,400
9 0.9 9.1 2,700
10 1.0 9.0 3,000




(b) TURBIDITY ADJUSTMENT OF THE BACTERI AL SUSPENSI ON

For bacterial agglutinations, the cell suspension is usually
adjusted to approximately 1x10° cells/m. In the MFarland
st andards, tubes 3 and 4 will have approxinmately 9.0x10°
(1x10°% and 1.2x10° cells/m respectively. The arbitrary

sel ection of these two densities will yield satisfactory

results for many systens.

Wth dust-free saline in a tube (blank) simlar in diameter to
t he standards, set the nepheloneter to a | ow nephelonetric

unitage. Read the correspondi ng unitage on tubes 3 or 4.

Wth approximately 8 m of saline in another clean tube, add
the turbid washed suspensi on of rhizobial cells dropwi se with
a Pasteur pipette until a turbidity is reached which is
slightly lower than the correspondi ng standard chosen. Pl ace
the tube in the nephel ometer and adjust the turbidity to the
required unitage by further additions of the turbid rhizobial

suspensi on.

| f a nephel ometer is not available, the turbidity is adjusted

to fall between tubes 3 and 4 by visual conparison
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PREPARATI ON OF SEEDLI NG AGAR SLANTS FOR CULTI VATI NG SMALL
SEEDED LEGUMES

Smal | seeded | egunes can be cultured enclosed in tubes if
these plants are to be used for the authentication of rhizobia
or for enunmerating rhizobia by the plant-infection technique.
One of the limtations of strain evaluation in enclosed tubes
is that a tube environnent restricts growth conditions and
proper differentiation of the plant. A nitrogen-free nutrient
solution is solidified with agar for slant preparation or

wi t hout agar for NifTAL-tubes.

(a) Tubes 250 mm x 25 mm (Figure A.9) are required. Tubes
are stoppered with cotton plugs sufficiently | oose to
al | ow good air exchange and sinultaneously filter off

cont am nant s.

(b) A total of 1.62 | of the N-free nutrient solution is
needed for 54 tubes at the rate of 30 m per tube. For
conveni ence, divide the nutrient solution into manageabl e
vol umes in beakers or Erlenmeyer flasks prior to the
addition of the agar powder. (Exanple: It is convenient
to have 500 mMl of the N-free nutrient solution in a 1 |
container as this will greatly facilitate stirring when

the agar is being nelted or dispensed). Add 1.5% (W V)



(c)

agar to the N-free nutrient solution (24.3 g of agar

powder will be needed for 1.62 | of N-free nutrient
solution). Melt the agar either by steam ng in an
aut ocl ave or by direct heating over a bunsen-flame. If

direct heating is used, the m xture nust be constantly
stirred over gentle heat to prevent charring of the agar

on the bottom on the contai ner.

Di spense the nelted agar in 30 m portions into the tubes
and plug. To facilitate dispensing of the agar, a sinple
set-up is illustrated in Figure A.9 which is adequate for
approxi mate vol unmes. Arrange tubes in suitable netal
baskets and autoclave at 121°C for 30 min. To nake

sl ants, support the tubes at an angle as illustrated.



Furnel

Ring-type funnel holder
Melted agar

Spring clip

Rubber tubing

Glass-tube outlat

2580 mm x 22 mm tube

Seedling-agar
T :
—
; M550
—— Ring stand
e = Wooden beam

Figure A.9. Sinple set up for dispensing seedling agar into

t ubes and fornm ng sl ants.
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BUI LDI NG A RACK FOR GROWMH POUCHES

In an effort to keep growt h pouches standi ng upright,
researchers have inprovised different types of racks.
Granophone record hol ders have frequently been used for this

pur pose.

Figure A.10. Inprovised rack for growth pouches

More suitable racks may be built from gal vani zed or stainless
steel wire of at |east 14 gauge and a wooden board as shown in
Figure A . 10. The spacing between the wire franes should be 1-

1.5 cm



Tool s needed are: a drill with a bit of a slightly smaller

di aneter than the wire, wire cutter, small vise, and a hanmmer.
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RECOMVENDATI ONS OF HOSTS AND GROWH SYSTEMS FOR AUTHENTI CATI ON

Choice of the |legune for the authentication (Table A. 4)
depends very nuch on the specificity of the host. Most
tenperate and tropical |egumes nodul ated by fast-grow ng,

aci d- produci ng rhizobia are usually specific and would require
the parent host. In nost instances, the host dependent
classification for rhizobia may serve as a useful guide for

sel ecting the | egune for use in authentication. |If the |egunme
fromwhich the presunptive isolate is made is identified and
its cross-inoculation group is known, but no seeds of the
parent (honol ogous) host are avail able, the cross-inocul ation
group should be consulted to select an alternative

(het erol ogous) host. However, this is sonetines difficult as
with the pink Bradyrhizobium sp. from Lotononis bainesii

whi ch requires only the parent host as there seens to be no
substitute. Most known tropical |egumes are nodul ated by the
sl ow- growi ng, al kali-producing rhizobia (Bradyrhizobium, in
whi ch case a "guinea-pig" |legume |ike Macroptilium

atropur pureum (siratro) can be confidently used for

aut hentication. Over 90% of bradyrhi zobia will nodul ate

siratro.

The choice of the growth system (Table A . 4) will depend on the

seed size of the host selected for authentication, and the



size of the plant. Some small seeded species e.g. Vigna
aconitifolia, Macrotyloma uniflorum etc., produce plants of
an unsuitable size for tubes, but manageable in
growt h- pouches. |If the size of the plant is known, npst
smal | - seeded species can be cultured in tubes or

gr owt h- pouches in growth (environnmental) chanmbers. It is
inportant to bear in mnd that there are | egunes that will not
nodul ate easily in tubes or pouches, resulting in a false
negative authentication. Chickpea (Cicer arietinum and
Leucaena retusa are notable exanples. For these species,

aut henti cati on must be done in Leonard jars. The environnent
(growt h chanber or greenhouse) where the authentication is
done nust be absol utely clean and adequately constructed to

keep out insects and other sources of contam nation.



Tabl e A. 4.

Aut henti cation of Presunptive |sol ates.

Recommended Hosts and Growt h Systens for

Type of Host for
Par ent Host Rhi zobi a* Aut hentication G owh System
Phaseol us vul garis f, ac parent hosts gr owm h- pouches
P. cocci neus or Leonard jars
P. acutifolius s, al parent host gr owt h- pouches
or Leonard jars
Medi cago spp.
Mel il otus spp. f, ac parent hosts tubes or growt h-
Trigonella sp. or Medi cago pouches
sativa
Trifolium spp. f, ac parent hosts tubes or growt h-
pouches
Pi sum spp. f, ac parent hosts tubes, grow h-
Vicia spp. or Vicia faba pouches or
Lens culinaris Leonard jars
G yci ne max f, ac & s, par ent host grow h- pouch or
al Leonard jars
Lupi nus spp. s, al parent hosts gr owt h- pouches
Orni t hopus sp. or Leonard jars
Sesbani a spp. f, ac parent hosts gr owt h- pouches
or Leonard jars
Leucaena | eucocephal a f, ac parent hosts tubes or grow h-
L. diversifolia or L. pouches
| eucocephal a
L. retusa f, ac par ent host Leonard jars
or L.
| eucocephal a
Lot ononi s bai nesi i s, al par ent host tubes or growt h-



Type of Host for
Par ent Host Rhi zobi a* Aut hentication G owh System
Phaseol us vul gari s f, ac parent hosts gr owt h- pouches
P. cocci neus or Leonard jars
pouches
Cicer arietinum f, ac or par ent host Leonard jars
neut r al
Cal | i andra spp. f, ac & s, parent host tubes, growt h-
al pouches or
Leonard jars
Acaci a senegal f, ac par ent host growt h- pouch or
Leonard j ar
Acacia auricul aeforms s, al parent hosts tubes, growt h-
A. nearnsii or Siratro pouches or
A. al bida (Macroptilium Leonard jars

Arachi s hypogaea

A. gl abarata

Al ysi carpus vaginalis

Caj anus caj an

Cal opogoni um nucunoi des

Canaval i a spp.

St yl osant hes spp.

Aeschenonene spp.

Macr ot yl oma spp.

A ycine wightii (syn.
Neonot oni a wi ghtii)

Voandzei a subterranea

Desnodi um spp.

Centrosema Spp.

Crotal aria spp.

Clitoria spp.

Labl ab pur pureus

Cyanopsi s tetragonol oba

Psophocar pus tetragonol obus

Vi gha spp.

Phaseol us | unat us

Zorni a spp.

Pacyrrhi zus spp.

Sphenostyl i s macrocar pa

Macroptilium spp

at ropur pur eumn




*In the above list, f, ac and s, al indicate fast-grow ng, acid-producing and
sl ow growi ng, al kali-producing respectively.
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SURFACE STERI LI ZATI ON OF SEEDS

Surface sterilization of |egune seeds is dependent on the

pur pose and nature of the experinment. Authentication, strain
sel ection and the enuneration of rhizobia by the plant-

i nfection technique require | egumes to be raised fromsurface

sterilized seeds to ensure strict nicrobiological control.

Sterilants frequently used for surface sterilizing seeds are
sol utions of sodium hypochlorite (2.5% conmerci al bl each),
acidified mercuric chloride (0.2%, hydrogen peroxide (3%, or
concentrated sulfuric acid. Only hard-coated seeds are
treated with concentrated sul furic acid which scarifies
(softens) the seed coat besides effecting surface

sterilization.

Sel ect ed seeds nmust be of good viability (nmore than 709,
clean, and free of damage. Treated seeds (pesticides,
fungi ci des or insecticides) nmust be rinsed quickly in water

t hen dried on paper towels.

Met hod (a): Sterilization with mercuric chloride, sodium
hypochl orite, or hydrogen peroxi de sol utions.
1. Pl ace seeds in Erlennmeyer flask (w de-nouthed and

previously sterilized by autoclaving). Cover the



mouth of the flask with half of a sterile Petri

di sh. The space taken up by the seeds shoul d be
about 25% of the volume of the flask as too many
seeds will affect the efficiency of the
sterilization. The Petri dish cover should be kept
in place throughout the operation.

Ri nse the seeds in 95% al cohol for 10 seconds to
renove waxy material and trapped air. Drain off the
al cohol

Add nercuric chloride, sodium hypochlorite or
hydrogen peroxide solutions in sufficient volunes to
i mmerse the seeds conpletely. Swirl the contents
gently to bring the seeds and sterilant into
contact. After 3-5 mn, drain off the sterilant.
Rinse with at | east six changes of sterile water.
Cbserve aseptic procedures throughout the rinsing.
After the sixth rinse, pour in sufficient water to
subnmerge the seeds and leave in the refrigerator for
4 h for the seeds to inmbibe. (Some seeds e.g. the
Cal i forni a bl ack-eye variety of Vigna unguicul ata
shoul d not be allowed to inbibe in water as the
cotyl edons fall apart.)

After 4 h, rinse the seeds with two or nore changes
of water and plate the seeds in 0.75% (w v) water
agar in Petri dishes. (Seeds can easily be scooped
out of the flask with |Iong spoons to transfer the

seeds onto the agar.) Evenly spread the seeds on



t he agar and avoid over-crowdi ng. About 20-100
seeds are recomended per plate and this is
dependent on the size. Large Petri dishes are
needed to plate species with | arge seeds (e.qg.
Canavalia spp., Vicia faba). Large seeded species
are nore conveniently germnated in sterile
(autoclaved) vermiculite. The vermculite is
noi stened and sterilized one day in advance. Obtain
a 5-10 cmlayer of horticultural grade vermculite
in a shallow autocl avabl e pol ypropyl ene tray.
Moi sten the vermiculite by alternate additions of
water and m x. Cover the tray with alum num foi l
and sterilize by autoclaving for 15 min. Allow the
verm culite to cool overnight. Renove the foil in a
| am nar flow hood or other clean environnent. Mke
furrows in the vermculite with a sterile spatul a.
Sow the seeds in furrows and cover with verm culite.
Repl ace the alum num foil cover.

6. | ncubate at 25-30°C. Invert the plates for small
seeded- species (clovers, nedics, siratro, etc.) with
seed dianeters 3 mmand |less. Inverting the plates
al l ows the devel opnent of straight radicles fromthe

seeds.

Met hod (b): Sterilization with concentrated sulfuric acid.
1. Pl ace seeds in sterile Erlenneyer flask and cover

with half a sterile Petri dish as in nethod (a).



Add just enough acid to coat the seeds. All ow
sterilization and scarification to proceed for 10
mn. Drain off excess acid.

Add sterile water in sufficient volume to dissipate
t he heat generated by the exotherm c reaction.

Ri nse and pour out the water. The first rinse
shoul d be done quickly to avoid killing the seeds by
the heat. Continue rinsing the seeds with another
five changes of water.

Leave the seeds (with some water) overnight in the
refrigerator to inbibe. Rinse with two changes of
sterile water.

Plate the sterilized seeds on water agar and

i ncubate at 25-30°C or germnate in sterile

verm culite as described in nmethod (a).

Met hods of seed sterilization for the various | egum nous

species are shown in Table A 5.

Table A.5. Methods of seed surface sterilization for various
| egume speci es.
E il .

Recomrended
Legune Speci es Met hod* Germ nation
(Common Nane) (a or b) Steril ant Medi unt *
Arachi s hypogaea a per oxi de/ V.
(peanut, groundnut) bl each



E il .

Reconmended
Legune Speci es Met hod* Germ nation
(Common Nane) (a or b) Steril ant Medi unr *
d yci ne max a per oxi de/ V.
(soybean) bl each
Cicer arietinum a per oxi de/ V.
(chi ckpea) bl each
Lens culinaris a per oxi de/ w. a
(lentil) bl each
Lupi nus spp. a bl each/ v./w a
(1 upi nes) per oxi de
Vi gna ungui cul ata a bl each/ V.
(cowpea) per oxi de
Canaval i a sp. a bl each/ V.
(j ackbean) per oxi de
Phaseol us | unat us a per oxi de/ V.
(l'i ma bean) bl each
Phaseol us acutifolius a per oxi de w.a./v.
(tepary bean)
Voandzei a subterranea a bl each/ V.
(banbara groundnut) per oxi de
Phaseol us vul gari s a bl each/ V.
(bean) per oxi de
Phaseol us cocci neus a bl each/ V.
(scarl et runner bean) per oxi de
Vi gha nmungo a per oxi de/ w. a
(green gram bl each
Vi gna radi ata a per oxi de/ w. a
(urd bean) bl each
Vi gna angul ari s a per oxi de/ w. a
(adzuki bean) bl each
Vi gna unbel |l ata a per oxi de/ w. a
(rice bean) bl eachq
Vi gna aconitifolia a per oxi de/ w. a
(mat or noth bean) bl each
Pi sum spp. a per oxi de/ V.
(pea) bl each
Centroserma pubescens b acid w. a

(centro)



E il .

Reconmended
Legune Speci es Met hod* Germ nation
(Common Nane) (a or b) Steril ant Medi unr *
Clitoria ternatea b acid w. a.
(butterfly pea) (invert plates)
Caj anus caj an b acid v./w. a.
(pi geon pea)
Sesbani a sp. b acid w. a.
Medi cago spp. a per oxi de w. a.
(medi cs) (invert plates)
Trifoliumspp. a per oxi de w. a.
(cl overs) (invert plates)
G ycine wghtii a acid w. a.
(invert plates)
Pachyrrhi zus spp. b acid V.
(yam bean)
Psophocar pus tetragonol obus b acid V.
(wi nged bean)
Lot ononi s bai nesi i a per oxi de w. a.
(l ot ononi s) (invert plates)
Desnodi um spp. b acid w. a.
(invert plates)
Lot us spp. a per oxi de w. a.
(invert plates)
Styl osant hes spp. b acid w. a.
(invert plates)
Leucaena spp. b acid w. a.
Macroptilium atropurpureum a acid w. a.
(siratro) (invert plates)
Cal opogoni um nmucunoi des b acid w. a.
(cal opo) (invert plates)
Puer ari a phaseol oi des b acid w. a.
(tropical kudzu) (invert plates)
Acaci a spp. b acid w. a.

(

nvert pl ates)

* Met hod "a"
(bl each) or

Met hod " b"
HSOs.

refers to seed surface sterilization using sodium hypochlorite
hydr ogen peroxi de (peroxide);
sterilization and scarification using con

refers to seed surface
The sterilants are



i ndicated in order of preference though both can be used in surface
sterilization.
** Recommended nedium "v" refers to vermculite;

w. a. refers to water agar.
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PREPARATI ON OF LEONARD JARS

The nodi fied Leonard jar assenbly (Figure A 11) consists of a
700 m capacity beer bottle with the |ower portion cut off.
This bottle is inverted into a heavy glass jar (reservoir), 1
| m nimum capacity. The nmouth of the bottle should be 2-3 cm
above the base of the reservoir. The growth nedium (sand or
vermculite) in the bottle is irrigated by a centrally
positioned cotton wick running the |length of the bottle and
ext endi ng out of the nmouth and into the reservoir containing
the nutrient solution. Various types of wick material have
been used with Leonard jars, e.g. braided cotton |antern

wi cks, cotton rope, strands from cotton nop heads, coil ed
cotton wool, braided or twisted nylon rope. New w ck

mat eri al s should be tested for their ability to conduct water
and their conpatibility with plants. Generally, a 12 mm

cotton rope is adequate and easy to obtain.

Pl ace approximately 50 cmof wick material in the bottle with
about 10 cm extending out of the mouth. A small anmount of
absorbent cotton stuffed into the neck of the bottle will aid
in securing the position of the wi ck, and prevent the growth
medi um from settling in the reservoir. Wck nmaterial of
cotton rope should be boiled in water and squeezed dry prior

to use. This renoves air trapped in the wi ck and i nproves



wat er conductivity.

VWi le holding the wick in a central position, fill the bottle
with gromt h medi um (wel | -washed river sand or horticul tural
grade vermculite). Pack the nediumto nminimze air spaces.
Sand is easier to pack when dry. For vermculite, it is nore
conveni ent to pack when wet. The verm culite should be soaked
overni ght and the water drained off prior to packing into the

bottl es.

Position the bottle in the reservoir. The bottle should fit
firmly on the rimof reservoir. Mdisten the growth nediumin
the bottle by adding 150-200 m of the N-free nutrient
solution. Allow the nutrient solution to saturate the nedi um
and the excess to drain into the reservoir. Fill the
reservoir with 800 ml of the nutrient solution. Use 1600 m
if the reservoir has a 2 | capacity. Wap the bottle and jar
assembly with white or brown npisture-proof paper and secure
with rubber bands at critical points along the jar. Tape may
al so be used. Alunm numfoil wapping may be used if it is

i nexpensive and available. Cap the open end of the bottle
with either alum numfoil or wapping paper. Hold the

assembly by the reservoir when noving it.

Sterilize the conplete assenbly and nutrient solution by
autoclaving for 1.5-2.0 hours at 121°C and 15 psi. For

conveni ence, cool the assenmbly in the autoclave overnight.



Growth medium f

{vermiculite or sand)

Parg T‘ Aluminum foil cover

Rubber band

Bottle

Insulation sheath
(paper or aluminurm foil)

i ;
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Jar

- -..L..'_._-:[i';h:_.'. RN .

Mitrogen-free P—— Rubber band
nutrient solution ﬁ
’
’
’
? i
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Cotton rope wick ’ Cotton wool
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Figure A . 11. The Leonard jar
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| NJECTI NG AND BLEEDI NG RABBI TS

Rabbits used for antiserum production should be healthy and 6-
12 nmonths old. Label each animal with an ear tattoo or tag.
Mai ntai n individual records for each rabbit of all treatnents

to which the rabbit is subjected.

During ear (intravenous) injections, intramuscular injections,
and trial bleedings, the rabbit nust be restrained

(i mmobilized). The recomended nmethod is to roll the rabbit
tightly into a large towel. The fore and rear |inmbs nust be
wel |l secured by the towel. For intraperitoneal injections,
the animal may be strapped to a rack or held on its side by
anot her person. During cardiac puncture, a bleeding rack is
used to hold the rabbit on its back (Figure A 12). Another
approach is to sedate the rabbit with an injected tranquili zer
such as Rompun [ ( Xyl azi ne), Haver-Lockhart Bayvet Divi sion,
Cutter Laboratories, Inc. Shawnee, Kansas, USA]. The use of

et her or chl orof orm shoul d be avoi ded.

The foll ow ng schedul es have been used successfully for

anti sera devel opment in rabbits.



Schedul e 1:

DAY

© 00 ~N W N P

16
18
25
32
39
46

Schedul e 2:

DAY

28
30
32
34

(Schm dt, Bankol e,

and Bohl ool , 1968)

PROCEDURE
Inject 0.5 m intravenously (1V)
Inject 1.0 m 1V
Inject 1.5 m 1V
Inject 1.5 m 1V
Inject 2.0 m 1V
Infject 2.0 m 1V and 2.0 m subcut aneously

(SO

Test bl eeding and titer determ nation

Cardi ac bl eed (30-50 ml)

Inject 2.0 m

SC

Cardi ac bl eed (30-50 ml)

Inject 2.0 m

SC

Cardi ac bl eed (30-50 ml)

(Dudman, 1964)

PROCEDURE

| nj ect

1 m of mxture of equal parts

cul ture suspension and Freund's conpl ete

adj uvant

(1M

1 m IV (antigen al one)

Bleed fromear 10-20 m

Bleed fromear 10-20 m

Bleed fromear 10-20 m



Schedul e 3: (Sommsegaran, unpubli shed)

DAY PROCEDURE

1 Inject SC 1 m of emulsion of equal parts

of antigen suspension and Freund' s conpl ete

adj uvant
14 1 m IV (antigen suspension al one)
28 Test bl eeding and titer determ nation
30 Cardi ac bl eed (30-50 ml)
37 Inject 1.0 m 1V
44 Cardi ac bl eed (30-50 nl)

An intramuscular injection (IM is used to start the

i nmuni zation schedul e (Exercise 6). |Immopbilize the rabbit by
rolling it tightly into a large towel. Free one of the rear

| egs, and use alcohol to swab a small area of the skin
covering the thigh nuscle. Insert the needle about 1.5 cm
into the nuscle and inject. A |large gauge needle (200G is
recomrended to introduce the enul sion quickly and reduce the

ani mal 's disconfort.

Subcut aneous (SC) booster injections are usually given to
mai ntain the anti body titer. |Inject the antigen under the
skin in the shoulder area. Use a 3-5 m syringe fitted with a

22 gauge needl e.



| ntravenous injections are given into the margi nal ear vein of
one ear. Expose the vein by shaving a snmall section of the
ear with a razor blade. Swab the shaved area with al coho
(7099 and inject the antigen with a 1-2 m syringe fitted with
a narrow gauge (25G) needle. |If the schedule calls for

several consecutive injections, make the first injection at
the distal end of the ear. Progress toward the base of the

ear with each successive injection.

For test bleeding, extract blood fromthe ear not used for
injections. Shave a snmall area al ong the margi nal ear vein,
and swab the area with alcohol (70% . To prevent blood from
spreading into the fur, apply vaseline around the area to be
ni cked. Use a scalpel with a small pointed bl ade (#11) and
make a small nick in the vein. Collect 1-2 m of blood in a
test tube. Stop the bl eeding by applying |ight pressure to
the injury with the thumb and forefinger. |[|f additional

bl eedi ngs are found necessary, progressively nick the ear

closer to its base.

Alternatively, blood nay be drawn fromthe nmargi nal ear vein

with a 1-2 ml syringe equipped with a 26G needl e.

There are various nethods of extracting |arger volunmes of
bl ood fromrabbits. Anmong those frequently practiced are the
cutting of the jugular vein, ear bleeding with the help of a

vacuum and cardi ac puncture. Cardiac puncture (Figure A 13)



is reconmended here because it is fast and efficient.

The rabbit is tied to the inclining bleeding rack. The area
above the sternumis shaved and swabbed with 70% al cohol. The
bl ood is extracted with a large syringe (50 m) fitted with a
18G needl e and enptied into a sterile screw capped tube.

About 50 ml bl ood can be taken froma ten to twelve pound

rabbit w thout endangering the aninmal's life.

A bl eeding rack may be built by nailing two wooden rails to a
board (Figure A 12) and el evating one side with a wooden
support to provide an incline of approximately 12°. The

di stance between the rails should be 4-6 cm depending on the
neck size of the rabbits used. The rabbit's head is held by
the rails at the upper end, while the legs are tied to a cl eat

at the | ower end.

The Bellco rabbit bl eeding apparatus (Figure A 13) is another
conveni ent means of obtaining |arge quantities of blood froma
rabbit. Bellco's instructions provide the follow ng

i nformati on:

Equi pnrent required: Vacuum punp (or line), a sharp razor
bl ade, receptacle (culture tube or flask with appropriate
si ze rubber stopper), short piece of heavy rubber or

pl astic hose for attachnent to vacuum | i ne.

The ear of the animal is disinfected, a single slit is



made t hrough the margi nal ear vein, and the ear is
inserted into the | arge opening of the apparatus. The
vacuum line is opened gradually until a vacuum |l ock is
obt ai ned on the head of the animal. |mmediately the bl ood
begins to flow in a steady stream As nuch as 50 nl can
be obtained in one mnute without any sign of trauma to

t he ani mal .

The entire rabbit bl eeding apparatus is autoclaved, the
ear of the rabbit is treated with a disinfectant, and

only one tube is used for each ani nal.



Figure A . 12. A bleeding rack

CONSTRICTED END
OF TUBE. VACUUM

Iy LOCKS TO ANIMALS
HEAD.

CONNECTION TO

VACUUM PUMP
OR LINE.

SINGLE HOLE
RUBBER STOPPER
(NOT SUPPLIED) CONNECTION FOR

BLOOD COLLECTION RECEPTACLE

Figure A 13. The BELLCO #5640-1111 rabbit bl eeding

apparatus as shown on the manufacturer's instruction



sheet .

Figure A . 14. Collecting blood froma rabbit by

cardi ac puncture:



a) Rabbit secured to bl eeding rack
b) Draw ng the bl ood

c) Close-up of draw
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THE | NDI RECT FA TECHNI QUE

The indirect FA technique uses anti bodies (antisera) of rabbit
and goat (or sheep). The specific antiserum for the rhizobial
strain is produced as described in Exercise 6, but the
antiserumis not conjugated with FITC. Purified
ganma- gl obulins froma rabbit (not inmunized previously with
rhi zobia) are injected into a goat as antigen to produce

anti bodi es agai nst the rabbit gamma-gl obulin. The antibodies
fromthe goat, commonly referred to as GARGG (Goat - Anti - Rabbi t

Ganma d obulin), are then conjugated with FITC.

In the identification procedure, rhizobial cells are sneared
on a slide and heat fixed. This snear is reacted with the
unconjugated rabbit antiserum specific for the rhizobial
strain. After reaction, unreacted rabbit antiserumis washed
off. This is followed by staining with the GARGG (or SARGG

from sheep).

VWil e GARGG is available comrercially (e.g., fromDifco

Laboratories) sone investigators prefer to produce their own.

Ni f TAL has produced GARGG successfully using a 1% sol uti on of

purified rabbit gamma-gl obulin as antigen. The foll ow ng



i njection schedul e has proven successful (lIntramuscular - IM

| ntravenous -

SO) .

Day 1

Day 14

Day 28

Day 33

Day 34

Day 40

IV, Intraperitoneal - |IP, and Subcutaneous -

Injection Schedul e (Hoben, unpubli shed)

1:1 enul sion of antigen: Freund' s conplete
adjuvant - 20 M IM (10 m into each thigh

nmuscl e)

1:1 enmul sion of antigen: Freund's inconplete
adjuvant - 4 m IM(2 m into each thigh nuscle)
Antigen - 2 m SC (1 ml above each shoul der)
Antigen - 2 m 1P

Antigen - 2 m |1V (optional)

1:1 enmul sion of antigen: Freund's inconplete

adjuvant - 4 m IM(2 m into each thigh nuscle)

Antigen - 2 m SC (shoul ders)

Antigen - 2 mMm SC (1 ml into each hip region)

Trial bl eeding

Bl ood col |l ecti on

Bl ood col |l ecti on



Day 54 First booster injection (sane as day 28).
Booster injections can be nade on 28 day cycl es.
I njection and bl ood collections may be conti nued beyond day
34. The blood may be collected 6 days and 12 days after each
set of booster injections. The booster injections followthe
sane protocol as day 28. Conpl ete adjuvant should only be
used in the beginning of the immnization. Inconplete

adj uvant shoul d be given on subsequent injection days.

One person is required to hold the animal down, while another
gives the injections. A tranquilizer, such as Ronmpun (made by
Bayer Leverkusen) is recommended to subdue the ani mal during
bl ood collection. \Wen the tranquilizer is injected
intramuscul arly according to the manufacturers instructions,
the animal will fall asleep within 5-15 m nutes, and awaken

after two hours.

The goat is bled fromthe jugular vein as follows: shave the
appropriate area on the neck and | ocate the vein by touch.
Press the thunmb of your left hand onto the vein. This will

bl ock the blood flow and enlarge the vein just above your
thumb. Swab this area with 70% et hanol and insert a sterile
20 gauge needl e (hol der-needl e assenbly for use with
Vacut ai ner gl ass tubes) into the jugular vein. Place the
Vacut ai ner gl ass tube into the holder and collect the bl ood.

Keep exchangi ng Vacut ai ners gl ass tubes until the desired



amount is collected. A 50 pound goat can safely deliver 300

m in one bl eeding.

The bl ood is handl ed as described in Exercise 6 and the
resulting antiserumis checked for quality by i mmunodiffusion

(Exercise 9) as follows:

Dilute the goat (sheep) antiserumin twofold steps from1:2 to
1:32. Using the hexagonal inmmnodiffusion pattern, place the
different dilutions into the outer wells and the antigen (1%
rabbit globulin solution) into the center well. [If sufficient
anti bodies are present in the serum strong precipitin bands
will be produced at dilutions of 1:4 or higher. Antisera of
acceptable quality are then conjugated with FITC (Exercise

11) .

The indirect FA technique elimnates the need for conjugating
rabbit antisera. It is considered nore sensitive than the
direct FA technique. The indirect nethod can be used with any
rhi zobial antisera produced in a rabbit, even those with | ow
titer which are not suitable for conjugation. It differs from
the direct method mainly by the inclusion of the additional
reaction step, while nost of the procedures detailed in

Exercise 11 for the direct technique remain the sane.

Si nce nonspecific fluorescence may occasionally occur with the

indirect method, a control snear treated only with conjugated



GARGG shoul d be i ncl uded.

The staining is done as follows:

1. Make a thin snear and heat fi Xx.

2. Cover the smear with 1:10 diluted rabbit anti serum

and incubate for 20 m nutes.

3. Briefly wash of f the excess antiserum w th PBS.

4. Cover the snear with diluted FITC conjugate of goat
anti-rabbit globulin and incubate for 20 m nutes.
(A suitable dilution of the conjugated GARGG to be

used is determined by its staining titer.)

5. Wash of f excess FI TC conjugate and place in PBS for

20 m nut es.

6. Conpl ete the washi ng process by placing the slide in

distilled water for 10 m nutes.

7. Air dry, nount, and observe under the UV m croscope.
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ADDI TI ONAL EXPLANATI ONS TO THE CALCULATI ON OF THE MOST
PROBABLE NUMBER ( MPN)

Exanpl e:

Determ ne the nunber of B. japonicumcells contained in 1 g of

a 100 g bag of inoculant nmade from nonsterile peat.

1) Dilute the 100 g of inoculant in 900 nl water.

2) Make a tenfold dilution series (Table Al4. 3)

3) Set up plants in quadruplicates as described in
Chapter 6 and inocul ate each plant with 1 m of the
di l uti ons.

4) Record nodul ation (+ or -).

5) Besi de each dilution, wite the number of nodul at ed
(+) units.

6) Add the total of the nodul ated units assum ng the
results shown in Table A. 6.

7) Not e that nunber of replications, n = 4; dilution
steps, s = 10; nunber of nodul ated units, (+) = 21,
| owest dilution in the series, d = 10"

8) Use Table A. 10 which is calculated for tenfold
dilutions and |l ocate 21 (for 21+ units) in colum n
= 4.

9) Find the nost likely number (m in colum s = 10



corresponding to 21 in the n = 4 colum. The nost

Tabl e A. 6. Evaluation of soybean inoculant prepared from
nonsteril e peat.
NODULATI ON
--------- Replications-------- NUMBER OF
NODUL ATED
UNI TS
DI LUTI ON L L L Lv

10" + + + + 4
1077 + + + + 4
107° + + + + 4
10" - - + + 3
10° - - + + 2
10°° + - + 2
107’ - - + 1
10°° + 1
10°° 0
10" 0

Tot al 21
likely number is m= 3.1 X 10*

10) Multiply nmost |ikely nunber with the reciprocal of

| owest dilution used in the series (d = 10%).

(3.1 X 10% X (10" = 3.1 X 10°

The peat inocul ant contained 3.1 X 10° rhizobia per
gram Since the original sanple was diluted 1:10
(100 g peat in 900 m sterile water) and aliquot (v)

used for inoculation was 1 mM, the actual



cal cul ati on shoul d be:

X =mXd=3.1 X10* X 10! = 3.1 X 10° rhizobia g*'inocul ant
Y 1

Deternm ng the nost probabl e nunber in soi

The MPN count is often used to determ ne the nunmber of

rhi zobia present in soil. Wereas a tenfold dilution series
with two or four replicates is sufficient for nost peat

i nocul ants, which usually have a relatively high nunber of
rhizobia (>10° cells g'), a fourfold or even twofold dilution
series with replications in quadruplicate is usually chosen
for soil. The smaller dilution steps provide a nore precise
esti mate when | ess than 10,000 cells of rhizobia per gram soi
are expected. The first sanple of the series, however, is

frequently diluted tenfold or a 100-fol d.

Exanpl e: 100 grans of field soil were diluted in 900 m of
sterile water. A quadruplicate dilution series was prepared
ranging from4 ! to 4° Aliquots of 2 mM were used for the

i nocul ati ons.

Use Table A.9 for four fold dilutions in this appendix. In

colum (n = 4), find 25 for 25 + units.



Table A. 7. Determ nation of the population of native cowpea-

rhizobia in field soil using sirato as the

trap host.
NODULATI ON
--------- Replications--------- Number of
Nodul at ed
units
Dilution 1 AL L Lv

107" + + + + 4
4t + + + + 4
4? + + + + 4
473 + + + + 4
4" + + + 3
4°° 0 + + + 3
4°° + + 0 0 2
47" + 0 0 0 1
4" 0 0 0 O 0
4°° 0
Tot al 25

n =4 s =10 d = 10 + units = 25

1.6 X 10°

3
I

d (lowest dilution) = 10*
v=2m

1.6 X 10° X 10* = 8000
2

X
I

The nost probabl e nunber of rhizobia in the field soil was



8000 cells per gram

Table A.8. Nunber (M of rhizobia estinmated by the plant infection count (After Vincent
1970): A Two-fold dilutions: (A=2)

Positive tubes Dilution steps (s)
n=4 n=2 s=10
40 20 >520
39
38 19 520
37 370
36 18 290
35 220
34 17 180
33 140 s=8
32 16 120 >130
31 95
30 15 78 130
29 65 93
28 14 54 72
27 45 55
26 13 37 45
25 31 35 s=6
24 12 26 29 >33
23 21 24
22 11 18 19 33
21 15 16 23
20 10 13 13 18
19 11 11 14
18 9 8.9 9.3 11
17 7.4 7.7 8.9 s=4
16 8 6.3 6.4 7.4 >8. 3
15 5.2 5.4 6.0
14 7 4.4 4.6 4.9 8.3
13 3.7 3.8 4.1 5.9
12 6 3.2 3.2 3.4 4.6
11 2.6 2.6 2.7 3.4
10 5 2.2 2.2 2.3 2.8
9 1.8 1.9 1.9 2.2
8 4 1.5 1.5 1.6 1.8
7 1.2 1.3 1.3 1.4
6 3 1.0 1.0 1.0 1.1
5 0.79 0.79 0.81 0. 97
4 2 0. 60 0. 60 0. 62 0. 66
3 0.42 0.43 0. 43 0. 46
2 1 0. 27 0. 27 0. 27 0. 29
1 <0.2 <0.2 <0.2 <0.2
0 0
Approx range 2000 500 120 30

Factor, 95%



fiducial limts n=2
(x,,) n=4

NN
o~

Calcul ated fromTable VI112 of Fisher and Yates (1963).
Table A.9. Nunber (M of rhizobia estinmated by the plant infection count (After Vincent
1970): B. four-fold dilutions; (A=4)

Positive tubes Dilution steps (s)
n=4 n=2 s=10
40 20
39 >2.0x10°
38 19 2. 0x10°
37 1.2
36 18 8. 1x10*
35 5.5
34 17 3.8
33 2.6 s=8
32 16 1.8 >1.3x10"
31 1.3
30 15 9. 1x10° 1. 3x10*
29 6.3 7.9x10°
28 14 4.5 5.1
27 3.5 3.5
26 13 2.2 2.4
25 1.6 1.7 s=6
24 12 1.1 1.1 >7.9x10°
23 8. 0x10° 8. 0x10°
22 11 5.6 5.6 7. 9x10°
21 4.0 4.0 5.0
20 10 2.8 2.8 3.2
19 2.0 2.0 2.2
18 9 1.4 1.4 1.5
17 1.0 1.0 1.0 s=
16 8 7. 1x10" 7. 1x10" 7. 2x10" >5. 0x10"
15 5.0 5.0 5.1
14 7 3.5 3.5 3.5 5. 0x10"
13 2.5 2.5 2.5 3.2
12 6 1.8 1.8 1.8 2.0
11 1.3 1.3 1.3 1.4
10 5 8. 9x10" 8. 9x10° 8. 9x10° 9. 6x10°
9 6.3 6.3 6.3 6.6
8 4 4.5 4.5 4.5 4.6
7 3.2 3.2 3.2 3.2
6 3 2.2 2.2 2.2 2.2
5 1.6 1.6 1.6 1.6
4 2 1.1 1.1 1.1 1.1
3 7.2x10°" 7.2x10™" 7.2x10™" 7.2x10""
2 1 4 4 4 4 4 4 4 4
1 0
0 <4 4x10°" <4 4x10°" <4 4x10" <4 4x10°"
Approx. range 5x10° 3x10" 2x10° 1x10°

Factor for 95%
fiducial limts n=2 4.0



2.7

n=

(x,.)

Calcul ated fromTable VI112 of Fisher and Yates (1963).

Table A 10
1970):

infection count (After Vincent

rhi zobia estimated by the plant

Number (M of

C. Ten-fold dilutions

Positive

(A=10)

(s)

Dlution steps

t ubes

=10
>7x10

S

n=

n=

20

40

39

19

38

<

37

18

36

o

o ™M 0

35

17 5. 9x10

34

S
>7x10

3.1
1.7

33

6

16

32

1.0
5. 8x10

31

6.9

15

30

3.4
1.8

1

29

~

14

28

1.0
5.9x10

—

27

5. 8x10

13

26

s
>7x10

1

1

25

1.7

1.7

12

24

1.0
5. 8x10

1.0
5. 8x10

23

6.9

11

22

3.4
8

1

1

21

1

1.7

1.7

10

20

1.0
5. 9x10

1.0

5. 8x10

1.0
5. 8x10

19

18

S

1

1

17

>7x10

1.7

1.7

1.7

16

1.0
5. 8x10

1.0

5. 8x10

1.0
5. 8x10

15

6.9

14

3.4
1.8

1

1

13

1.7

1.7

1.7

12

1.0
5.9x10

1.0
5. 8x10

1.0

5. 8x10

1.0
5. 8x10

11

10

3.1
1.7

1

1

1.7

1.7

1.7

0

1
5.8x1

1.0
5.8x1

1.0
5. 8x1

1.0
5.8x1

3.1
1.7

1

1

1.7

1.7

1.7

1.0
0.6

1.0

0.6

1.0

0.6

1.0

0.6

<0. 6

<0. 6

<0.6

<0.6

10°

10°

10’

10°

range
95%

Appr ox.

Fact or,

6.6

limts* n

fiducia



3.8

n=

(X,):

Calcul ated fromTable VI112 of Fisher and Yates (1963).

infection count (After Vincent

Nurber (M of rhizobia estimted by the plant
C. Ten-fold dilutions

Table A 10
1970):

(A=10)

(s)

Dlution steps

t ubes

Positive

10

S=
>7x10

n

n

20

40

39

<

o

o ™M 0

19

38

37

18

36

35

17 5. 9x10

34

S
>7x10

3.1
1.7

33

6

16

32

1.0
5. 8x10

31

6.9

15

30

3.4
1.8

1

29

~

14

28

1.0
5.9x10

—

27

5. 8x10

13

26

s
>7x10

1

1

25

1.7

1.7

12

24

1.0
5. 8x10

1.0
5. 8x10

23

6.9

11

22

3.4
8

1

1

21

1

1.7

1.7

10

20

1.0
5. 9x10

1.0

5. 8x10

1.0
5. 8x10

19

18

S

1

1

17

>7x10

1.7

1.7

1.7

16

1.0
5. 8x10

1.0

5. 8x10

1.0
5. 8x10

15

6.9

14

3.4
1.8

1

1

13

1.7

1.7

1.7

12

1.0
5.9x10

1.0
5. 8x10

1.0

5. 8x10

1.0
5. 8x10

11

10

3.1
1.7

1

1

1.7

1.7

1.7

0

1
5.8x1

1.0
5.8x1

1.0
5. 8x1

1.0
5.8x1

3.1
1.7

1

1

1.7

1.7

1.7

1.0
0.6

1.0

0.6

1.0

0.6

1.0

0.6

<0. 6

<0. 6

<0.6

<0.6

10°

10°

10’

10°

range
95%

Appr ox.

Fact or,

6.6

limts* n

fiducia



(x,,): n=4 3.8

Calcul ated fromTable VI112 of Fisher and Yates (1963).
*Cochran; Bionetrics, 1950, 6, 105.



APPENDI X 15

THE ACETYLENE REDUCTI ON METHOD FOR MEASURI NG NI TROGENASE
ACTIVITY

The nitrogenase enzyne-conplex is responsible for biological
nitrogen fixation in the root nodul es of |egunes. Nitrogenase
is synthesized by bacteroids in the nodul es and al so the
reducti on of nolecular nitrogen to NH; takes place within the
cytoplasm of the bacteroids. The enzyme-conpl ex consists of
two distinct protein conmponents with iron atonms common to both
and nmol ybdenum present in only one of the two conponents.

Both the Fe-protein and Mo-Fe-protein are essential for

ni trogenase activity. During the reduction process, nolecul ar
nitrogen is converted to NH; through a series of steps

i nvol ving enzyme(s) and ATP. Though nol ecul ar nitrogen is the
natural substrate for nitrogenase, other triple bonded

"ni trogen-anal ogues” |i ke acetylene (HC°oCH), cyanide (H-CoN),
nitrous oxide (NeN-O and nethyl isocyanide (CH;-NeC) can al so
undergo reduction nedi ated by the nitrogenase conpl ex.

Because of its lack of toxicity and easy availability,
acetylene is frequently used to assay for nitrogenase
activity. In the assay procedure, root nodules of |egunmes are
exposed to 5-25% of acetylene-in-air m xture and incubated at
25°C-30°C. The ethylene (CH,;) produced by the reduction of

t he acetylene is nmeasured by gas chronmatography. Although

acetylene reduction is a sensitive nethod for assaying



ni trogenase activity, the reduction information may not be
translated into nitrogen fixed because of frequent theoretical
di sagreenent in the stoichiometry of the two reduction

processes.

The Gas Chr ommt ogr aph

A gas chromatograph with a hydrogen Fl anme-1oni zati on-Detector
(FID) is usually used in the assay. A stainless steel colum,
3 mlong and 1 mmin dianeter, is filled with nolecul ar sieve
mat eri al, usually Porapak media (produced by Waters Associ ates
I nc., Farm ngham Mass., U S. A ). Porapak is a porous pol yner
conposed of ethylvinylbenzene cross-1linked with divinylbenzene
to forma uniformstructure of distinct pore size. It is

avai lable in bead formwith different mesh sizes. Porapak N
of 100-200 nmesh size allows good separation of CH, and CH,

using N, as carrier gas.

A colum tenperature of 50-70°C with a carrier gas flow rate
-1
of 50 mM mn is used for routine work. Air and hydrogen gas
-1
are adjusted to flow at the rates of 300 m mn respectively.

Di fferent gases have different retention tinmes in the colum,
t herefore the gas chromat ograph-recorder will trace out the
peaks in order of emergence. A gas m xture containing CH,,
CGH, and GH, will have the trace pattern illustrated in Figure
Al5.1. It is inportant for the operator to becone famliar

with the acetyl ene and ethyl ene peaks traced out on the gas



chromat ograph recorder chart.

Source of Acetyl ene

Acetylene is available commercially in cylinders. Very pure
acetylene (99% is available in small cylinders for analytical
work. Small ampunts for | aboratory work can be conveniently
prepared by reacting calciumcarbide with water. About 15 m
of water is used for each gram of cal cium carbide. A sinple
apparatus for generating acetylene is shown in Figure A 15.
Acetyl ene generated this way contains very mnute quantities

of phosphi ne, ethyl ene and met hane.

Calibration of the gas chronntograph

In the calibration process, exact ampbunts of ethylene have to
be injected into the gas chromatograph and the peak heights
measured. The concentration of ethylene giving a particul ar
peak height is conputed. A calibration curve is obtained by
pl otti ng peak hei ght (Y-axis) against ethylene concentration
(X-axis). The calibration curve should be |inear and pass
t hrough the origin.
1. Cbtain a small volune of the 99% pure ethyl ene for
t he calibration.
2. Dilute the pure ethylene as foll ows:
Determ ne the true volunme of a 1000 m volunetric
flask. Fill the flask conpletely with water to the
mouth. W thout trapping any air, carefully place a

"Suba-seal" (W Freeman & Co., Led., Barnsely,



Yorkshire) or a long, sleeved rubber stopper for
serum bottles (Wheaton Scientific, MIIville, New
Jersey) to contain the water. Invert the flask to
detect air trapped during the placenent of the seal
or stopper. Repeat filling and sealing if too nuch
air is trapped. Pour the water into a measuring
cylinder and record the vol une.

3. Fl ush out the flask with N, and seal again. Renove 1
m of the air fromthe sealed flask with a syringe.
Then inject 1 nml of pure ethylene into the seal ed
flask and allow to stand for 10 min at room
tenperature to equilibrate.

4. Wth a 1 nml plastic syringe, pierce the rubber seal,
remove 1 m of the diluted ethylene fromthe flask,
and inject it into the gas chromatograph. Measure
t he height of the ethylene peak fromthe trace.
Inject two nore 1 m sanples to check for
reproducibility of the peaks. Note col um

t enperature of the gas chromatograph.

Cal cul ations of the calibration

Suppose the diluted ethylene (now referred to as the standard)
was equilibrated at 23°C and 756 mm Hg pressure. Convert
t hese values to NTP using the gas |aw rel ati onshi p:

PV: = P\,
T T2

P, = 760 mm Hg: Vi = unknown; T; = 273°K



P, = 756 mmHg: V., =1 m; T, (273° + 23°)K
t herefore, volunme of ethylene, V; at NTP

= 1 X (765/760) X (273/296)
=V, = 0.9174

According to nmolar volume, 1 nole of GH, at NTP will occupy
22.4 liter (22.4 x 10° m).

Therefore, 0.9174 ml GCH, = _0.9174 nol e
22.4 X 10°
= 0.041 X 10°® mol e
= (0.041 X 10% X 10° nnol e
= 4.1 X 10* nnol e

The accurate volunme of the conpletely fixed volunetric flask
(L liter) was 1038 M. Only 1 m of the pure ethyl ene was
diluted in the atnosphere of the fl ask.

Therefore, 1 m of the diluted ethylene = 4.1 X 10* nnol e
1098 m

= 39.499 nnol e

VWhen 1.0 nml of the diluted sanple was injected into the gas
Chr omat ogr aph, an et hyl ene peak hei ght of 75 divisions (on the
recorder chart paper) at x64 attenuation was produced.

Assune that 1 division on the recorder chart paper is equal to
1 Flane-1onization-Detector (FID) unit. Therefore, (75 x 64)
FI D

units = 39.499 nmole. Therefore, 1 FID unit at x1 attenuation

=_39.499 = 0.0082 nmol e
75 X 64

1 FID unit = 0.0082 nmole = 8.2 X 102 nnmol e




From t he standard ethyl ene preparation, inject in duplicate
0.2,0.4, 0.6, 0.8 and 1.0 m of the gas. Measure the peak
hei ghts corresponding to these volunes and n noles of the
ethylene. Plot the calibration curve (i.e., peak height vs n

nol es et hyl ene) .

Assayving for nitrogenase activity with nodul ated roots

To bring acetylene and nitrogenase into contact, the nodul es
must be contained in a suitable air-tight vessel into which
acetylene can be introduced. After a specified incubation
period, sanples are withdrawn and anal yzed for ethyl ene

produced with a gas chronmat ograph.

Calibrate the gas chronmatograph with the pure ethyl ene
standard. This should be done very nuch in advance of

bringing in incubated nodul e sanples for gas anal ysis.

Prepare incubation vessels from1l |iter Nal gene PVC wi de nouth
bottles (or equivalent) for incubation of the nodul ated

roots. Carefully drill a 15 nmhole in the center of the cap
of each bottle and fit a rubber septum (serum bottle

fl ange-type stopper) of appropriate size to give a | eak-proof

fit. |If nmetal caps are used, caps should have rubber |iners

to prevent | eaks.

Carefully excavate whole plants fromthe field or from Leonard

jars. Cut off the tops at the point of the scar left by the



cotyl edons. Place the tops into | abelled bags to be dried for
dry wei ght determ nation. Renpove as nmuch of the soil or
growt h medi um adhering to the roots as possible before placing
it into the incubation vessel. Retrieve and include any
nodul e(s) which beconmes detached during the excavating or

cl eani ng operations.

Do not wash the roots to clean them as wetting decreases the
ni trogenase activity significantly. A wet nodul e probably
traps the acetylene on the surface of the nodule by slight
solution in water, thus nmaking | ess acetylene available to the
nitrogenase in the nodule. If the root system becones wet,

t he nodul es should be dried by blotting prior to being placed
in the bottle. Nodulated roots from solution culture

experiments should be treated simlarly.

Wth a 50 mMl plastic syringe (Beckton-Di ckinson, Rutherford,
New Jersey) fitted with an 18G needle and 1.5 inches | ong,
renove 5 or 10% of the atnmosphere in the incubation vessel.
Replace this with a correspondi ng volune of acetylene. Record
the tinme when incubation is initiated. Allow the incubation
to proceed for 30-45 mnutes with periodic shaking of the
bottles in between to permt good contact between the nodul es

and the acetyl ene.

At the end of the incubation, shake the bottle, withdraw a 1

m gas sanple through the septum and inject into the gas



chromat ograph. Duplicate the injections and note the
attenuation. Oher details can be indicated agai nst each

trace on the recorder chart paper.

Renmove the nodul ated roots fromthe incubation vessels after
gas sanpl es have been renoved for analysis. Wash the roots
and pick the nodules. Obtain the fresh weight of nodul es

after blotting dry, and finally, oven dry the nodules at 70°C.

Cal cul ate the nitrogenase activity fromthe information
provi ded by the gas chromatograph as shown in the follow ng

exanpl e.

Exanpl e: Nodul ated roots of two soybean plants were placed in
a 1000 m incubation vessel (PVC w de-nouthed bottle). After
the cap of the incubation vessel was secured tightly, 50 m
(599 of the air was withdrawn fromthe incubation vessel (via
t he rubber septumin the cap) with a 50 m plastic syringe and
replaced with 50 ml of GCH,. After 30 mn incubation, 1 m of
the gas sanple was withdrawn with a 1 m syringe and injected
into the gas chromatograph. A peak height of 40 divisions and
x32 attenuation was produced. Calculate the CH, produced by

t he nodules. (Use values of the standard cal cul at ed

previously fromthe calibration of the gas chromatograph.)

Cal cul ati ons:



Peak height = 40 divisions; Attenuation = x32

| ncubation tinme 30 min; volume injected = 1 m

Total FID units

40 x 32 = 1280

Fromthe calibration 1 FID unit = 8.2 X 10'3

nmol e CH,
Therefore, 1280 FID units = (8.2 X 10_3) X (1280) nnole

CoH,

Since the volume of the incubation vessel was 1000 m, then
the total volume of GCH, produced = (8.2 x 10‘3) x (1280) x
(1000) n nol es

10496 nnol es

10496 = 10. 496 unol es
1000

10. 496 inoles of CH,; were produced by 2 soybean roots in 30

m nut es.
Therefore imoles GH,/ pl ant/ hour = 10. 496 X 60 _ 10. 496
2 30

General formula for calculating nitrogenase activity:
et hyl ene produced
time(h) x number of plants

ni trogenase activity =

Pl ot nitrogenase activity on the Y-axis and nodule (fresh or
dry) weight on the X-axis. Plot a simlar graph, but with dry
wei ght of plant tops on the X-axis. Process both sets of

pl ots statistically and obtain the coefficient of correlation

(Appendi x 18) for each of the two plots.
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APPENDI X 16

METHODS FOR DETERM NI NG LI ME REQUI REMENTS OF ACI D SO LS
( REPRODUCED W TH PERM SSI ON FROM CHAPMAN AND PRATT, 1961)

Line requirement of acid soils

Many procedures have been devel oped for measuring the |ime
requi renment of soils, defined as the ampbunt of |inme needed to
bring the pH value fromits present value to any given pH
value. Two nmethods are described here. The first nethod is
the nost reliable, but requires nore time and equi pnment, and
involves a direct titration with cal cium hydroxide. The
second net hod, devel oped by Shoemaker (1959), depends on the
depression in pH of a buffer solution when soil is added. It
is rapid and involves a greater error, but can be used in the
lime requirenent estimation of |arge nunbers of sanples in

relatively little tine.

Cal ci um Hydroxide Titration

Reagents - Cal ci um hydroxide solution. Add 1 g of calcium
oxide or 1.5 g of cal cium hydroxide per | of carbon

di oxi de-free water used. Mx and let stand protected fromair
until the excess has settled. Siphon off the solution. Store

in a bottle protected fromthe carbon dioxide of the air.



Procedure - Place 10 g of acid soil in each of seven 100 m
beakers and add 0, 5, 15, 20, 30, 40, and 50 m of cal cium
hydr oxi de solution to beakers 1 through 7 respectively. Add
sufficient water to make each sanple to a soil to water ratio
of 1:5. Let stand for 3 days and determ ne the pH val ue of
the soil-water suspension. Plot the pH against the
mlliequivalents (nme) of calcium added per 100 g of soil and
determ ne the amount of |ime needed to bring the pHto the
desired level. One nme of calciumper 100 g is equal to 100
pounds of line per acre, assuming the linme is mxed with

2,000, 000 pounds of soil.

Remarks: - This nethod can be used if only a few sanples are
to be analyzed. |f, however, there are | arge nunbers, the
space and tinme limtations beconme too great and the faster

met hod described in the next section can be used.

Three days are required for the reaction of cal cium hydroxide
with acid soil to cone to an approximate equilibrium
Actual |y, about 97 percent of the reaction is conplete in this

time and the true equilibriumis attained after many days.

Buf f er Met hod

Reagents: - Buffer solution. Dissolve 1.8 g of p-nitrophenol,

2.5 mM of triethanolamne, 3.0 g of potassiumchromate, 2.0 g

of Ca(OAc), 2H,0, and 40.0 g of CaCl,. 2H,0 in approxi mately 800



m of distilled water. Adjust the pHto 7.50 using

hydrochl oric acid or sodi um hydroxi de solutions, and dilute to
1 1. Best results are obtained if 10-20 | are prepared at one
time. |If protected from carbon dioxide, this reagent wll
remain stable for 6 nonths or nmore. \When titrated with
hydrochl oric acid, 50 m of buffer should require 2.6-2.7 ne
to bring the pHto 3.5 and the titration curve should be a

straight |line between pH 7.5 and 3.5.

Procedure: - Weigh 10.0 g of soil and transfer to a 125 n

Erl enneyer flask. Add 20 ml of buffer solution and shake for
10 mn. Transfer to a 50 nml beaker and use a pH neter to
determ ne the pH value. The |linme requirenment is proportiona
to the depression in pH of the buffer. The linme requirenment
can be determned fromthe data in Table A 11, or the data in
Tabl e A. 11 can be plotted and the |line requirenment obtained by

reading fromthe pH vs. lime requirenment |ine.

If the pH of the soil-buffer suspension is greater than
approximately 6.5, as is found with some highly acid, sandy
soils, repeat the procedure using 50 g of soil and 20 m of
buffer, then divide the obtained linme requirenent by 5. This
nodi fication gives better accuracy for poorly buffered soils

of low |ime requirenent.

The answer is obtained in ternms of tons of pure cal cium

carbonate per 2,000,000 pounds of soil to bring the pHto



6.5. Appropriate corrections nmust be nmade for variations in
depth of mxing of lime or in bulk density of soils. A
6.5-inch depth of soil over an acre in area will have

2,000, 000 pounds of dry soil if the bulk density is 1.35.

Table A 11. Linme requirenent scale for buffer nethod.

Soi | Buffer Li me Soi | Buffer Li me
pH Requi r ement pH Requi r emrent
tons CaCGOs* tons CaCG;
6.7 1. 57 7.6
6.6 2.2 5.6 8.2
6.5 2.8 5.5 8.9
6.4 3.4 5.4 9.5
6.3 4.0 5.3 10.1
6.2 4.5 5.2 11.0
6.1 5.2 5.1 11.7
6.0 5.8 5.0 12. 4
5.9 6.4 4.9 13.2
5.8 7.0 4.8 14.0

*Tons of pure calcium carbonate per 2,000,000 pounds of soi
or per acre if it is mxed with 6.5 inches of soil having a

bul k density of 1.35.



APPENDI X 17

ANALYSI S OF VARI ANCE FOR A RHI ZOBI UM STRAI' N SELECTI ON
EXPERI MENT

The data in Table A 12 presents the dry weight (g) of plant
tops froma strain selection experinment for soybean (G nmax
var. Jupiter). The experinent was a Randoni zed Conpl ete Bl ock
Design (RCBD), with 3 blocks and 16 treatnments (14 inocul ated
+ 2 controls). Each treatnment was replicated once within each
bl ock. Each treatnent-plot was a Leonard jar unit with two
soybean plants. The plant tops were harvested at 32 days and
oven dried at 70°C. The strains of Bradyrhizobium japoni cum

have been ranked according to dry weight.

Summary of cal cul ations for the analysis of variance for the

strain selection experinent.

No. of treatnents = 16

k
No. of blocks = b 3

I
[ERN

No. of replicates per treatnent per block = n

Cal cul ate the Grand Total (GI) by adding up all the treatnent

total s:

9

T, + T, To----- + T

31.09 + 28.85 + 28.04 ----- + 20. 07

344. 83



Table A 12. Data from a strain selection experinent for
soybean.

Dry Wei ght of Plant Tops

(9)
BLOCKS Tr eat nent Tr eat ment

TREATMENTS B1 B2 B3 Total (T) Means (x)
TAL 102 9. 66 10. 60 10. 83 31.09 10. 36
TAL 379 9. 36 9.00 10. 49 28. 85 9.62
TAL 206 8.41 9. 44 10. 19 28. 04 9.35
TAL 435 8.61 9.23 8.22 26. 06 8. 69
TAL 411 9. 20 8.19 8. 46 25. 85 8.62
Al l en 527 8.11 8. 82 8. 62 25.55 8.52
TAL 211 8. 83 6.32 9.14 24. 29 8. 10
TAL 487 6. 27 8. 67 8. 35 23. 29 7.76
CB 1795 6.79 8.17 5.70 20. 66 6. 89
TAL 650 6. 95 5.83 6.83 19. 61 6. 54
TAL 649 6. 55 4.82 8.10 19. 47 6.49
TAL 860 6. 00 4.83 6. 54 17. 37 5.79
TAL 183 6.11 3. 46 5.51 15. 08 5.03
TAL 378 5.39 4. 46 5.07 14. 92 4. 97
Control” 1.53 1. 30 1.80 4.63 1.54
Control ™ 8.41 7.83 5.83 20. 07 6. 36

114.18 110. 97 119. 68 344. 83 116. 36

:*Uninoculated
70 ppm N

Cal cul ate the Grand Mean (X) by adding up all the treatnent

nmeans:



= 10.36 + 9.62 + 9.35 ----- + 6. 36
= 116.13
Cal cul ate the Correction Factor (CF)

o = (GN?* . (344.83)°
bkn 3 x 16 x 1

= 2477.2444

Cal cul ate the total sum of Squares (SS)

P

SS = k? - CF
= 9.66%2 + 10.60% + 10.83%2 ----- + 5.832 - 2477. 244

247. 8507

Cal cul ate the Treatnment Sum of Squares (SST)
SST = Or° - CF

bn
= 31.09% + 28.85% ..+ 4.63% + 20.07% — 2477.2444
3 X1
= 217.4785

Cal cul ate the Bl ock Sum of Squares (SSB)
SSB = B> — CF

kn
= 114.18°% + 110.97% + 119.68% — 2477. 2444
16
= 2.4253

Cal cul ate the Error Sum of Squares (SSE)



SSE

SS - (SST + SSB)

247.8507 - (217.4785 + 2.4253)

27.9469

Prepare the Anal ysis of Variance according to Table A 13.

Tabl e A 13. Analysis of Variance

Sour ces of Sum of Degrees of Mean
Vari ati on Squar es Fr eedom Squar es F-Rati o
Tr eat nent s SST k-1 SST SST
(bkn-k-b+1)
(k-1) SSE (k-1)
Bl ocks SSB b-1 SSB SSB
(bkn-k-b+1)
(b-1) SSE (b-1)
Error SSE bkn- k-b+1 SSE
(bkn-k-b+1)
Tot al SS bkn-1

Usi ng the above formul ations, substitute with actual figures

fromthe cal cul ati ons and prepare the Table A 14.:

Table A 14. Analysis of Variance

F-Ratio F-Ratio
Sources of Sum of Degr ees Mean (cal cu- (tabul ar
Vari ation Squar es of Squar es | at ed) 5%

Fr eedom

Treatments 217.4785 16-1=15 217.4785= 14.4986 14, 4986- 15.5 2.01
15 0.9316

Bl ocks 2.4253 3-1=2 2.4253= 1.2126 1.2126=- 1.30 3.32



2 0. 9316

Error 27.9469 48-16- 27.9469= 0. 9316
3+1=30 30
Tot al 247. 8507 48- 1=47

Use of the F-distribution

The statistic Fis a ratio of two variances and these

vari ances are the 'nmean squares'. To identify the
F-distribution, the degrees of freedom (df) of each variance
needs to be specified. The degrees of freedom of two

vari ances may be represented as df; and df,, where df; is the
nunber of degrees of freedomin the nunerator and df, is the

nunber of degrees of freedomin the denom nator.

Fromthe calculations in the table of analysis of variance for
Treatnments, F(df,, df,) = F(15,30). Froma F - distribution
table, the critical value for F(15,30) with p = 0.05 is 2.01.

Enter this tabular value into the table.

Simlarly for Blocks, the critical value for F(2,30) with p =

0.05 is 3.32. Enter this tabular value into the table.

Since the calculated F-ratio for treatnents is greater than
the tabular value of F at the 5% level, the results indicate
significant differences between the strains of B. japonicumin

their nitrogen-fixing effectiveness.



The calculated F-ratio for blocks is less than the tabul ar
val ue indicating the "bl ocking" of the experinment did not
create any significant disuniformty in the aeration, |ight,
or other environnmental factors in the greenhouse.

Cal cul ate the Least Significant Different (LSD)

F
L = G
n

Where toos =The tabul ar value of t for degrees of freedom for
error at the 5% probability |eve

2 -

S Mean square for error

n = Nurmber of replications

= (0.
Lmhﬁ==1mz,ﬁ——%iﬂﬂ

= 2.042 x 0.79

=1.60 g
The LSD is used to conpare val ues of two adjacent neans. A
pair of means which differ by nore than the LSD is considered
significantly different at the probability |level of t
enpl oyed. If conparison between nmeans not adjacent to each
other in a ranked array are nade, the Duncan's Miltiple Range
test should be used. However, this test requires the
conput ati on of the Bayes LSD whose value may differ fromthe
LSD as cal cul ated above. The calculation of the Bayes LSD is

not presented here but its use is illustrated in Figure A 17.



Bayesa L3D (p = 0.05): 1,45 g,

HMean dry wt. of plant shoot
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Means not joined by the sane line differ at p = 0.05 as given

by Duncan's New Miul tiple Range Test.

Figure A 17. Effect of various strains of B. japonicumon the

dry wei ght of shoots of soybean (G max var.
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COMPUTI NG THE COEFFI Cl ENT OF CORRELATION (r) TO SHOW THE
RELATI ONSHI P BETWEEN SHOOT AND NODULE WEI GHTS | N A RHI ZOBI UM
STRAI' N SELECTI ON EXPERI MENT

The data in Table A 15 presents the dry weights (g) of the

pl ant tops and nodules froma rhizobial strain selection
experiment for cowpea (Vigna unguiculata). The experinment was
a Randoni zed Conpl ete Bl ock Design with three bl ocks and 11
treatments (nine inoculated and two controls). Each treatnent
was replicated once within each block. Each treatnment-plot
was a Leonard jar with two cowpea plants. The plants were
harvested at 30 days and the tops and nodul es oven-dried at
70°C for 2 days. The plus-N control will be omtted fromthe
correl ati on anal ysi s.

Construct a new table containing the followi ng data sets of

pl ant tops (x) and nodules (y), as in Table A. 16.

The number of pairs (n) excluding the plus N control is 10.
Cal cul ati ons:

Cal cul ate the Mean of x = M

M =[x = 14.21 = 1.421
n

cul ate . = .
Cal cul M? = (1.421)% = 2.019



Tabl e A. 15. Dry weights of tops and nodules from a rhizobia

strain selection experinent.

Dry wei ght(s)

Host of
| sol ation
Rhi zobi a pl ant tops nodul es
TAL 173 Vi gna ungui cul at a 2.29 0.21
TAL 651 Cal opogoni um 2.08 0. 23
mucunoi des
TAL 209 Vi gna ungui cul at a 1.71 0. 29
TAL 309 Macrotyl oma afri canum 1.67 0. 26
TAL 1147 Desnmodi um i ntortum 1.67 0. 22
TAL 22 Phaseol us | unat us 1.63 0.18
TAL 310 Dol i chos biflorus 1.30 0.19
TAL 647 Puer ari a phaseol oi des 0. 97 0. 15
TAL 379 d yci ne max 0.75 0. 13
Cont r ol - - 0.14 0. 00
(uni nocul at ed)
Cont r ol - - 4.03 0. 00
(+ 70 ppm N)
Conmput e the Standard Deviation (SD) for x:
5D, = E—Mi-*'— @—2.019=n.a1ﬁ
n 10

Simlarly conpute the SD, after determining M and M?



M: = (0186} = 0.0345

)1 A L LY L
n 10

SD, = 0.077

fTabl e A 16. Data sets for use in the conputational fornula

or r.
_X x? Y _y? Xy
2.29 5.244 0.21 0. 044 0. 4809
2.08 4. 326 0. 23 0. 053 0.4784
1.71 2.924 0. 29 0. 084 0. 4959
1.67 2.788 0. 26 0. 068 0.4342
1.67 2.788 0.22 0. 048 0. 3674
1.63 2. 657 0.18 0. 032 0. 2934
1.30 1.690 0.19 0. 036 0.2470
0. 97 0.941 0.15 0. 023 0. 1455
0.75 0. 563 0.14 0. 017 0. 0975
0.14 0.019 0. 00 0. 000 0. 0000

Ox = 14.21 Ox? = 23.94 O = 1.86 Oy? = 0.4054 Oxy = 3.0402

The correl ati on coefficient:

Zx
TJ" ~ (M, - M,)

r =

sD, - 5D

® ¥

From t he tabl e:



Zxy 3.0402
n

= [.3040

Ther ef or e:

_ 0.3040 — [1.421 X 0.186)  0.3040 — 0.2643
f (0.616 X 0.077) 0.0474

_ 0.0397
0.0474

= (.8375 [D.B4*")

** Denotes significance of r at 1%

To test the significance of r at the 5% (p = 0.05) and 1% (p
0.01) significance |levels consult a table giving the val ues of
the correlation coefficient. The significant value of r
depends on the degrees of freedom (df) as with the F-test.
Since the data used in the correlation is paired, the df =

n-2.

Whenever r is equal to or greater then the appropriate
significant value, regardl ess of whether r is positive or
negative, we can conclude that r is significant at the |evel

of probability being used.

From the table of correlation coefficients, for df n=8, r is
0.632 at p = 0.05 and 0.765 at p = 0.01. Since r calcul ated
fromthe data (r = 0.84) is greater than the tabul ated val ue

at both |l evels of significance, we conclude that r is highly



significant. Fromthe viewpoint of the top and nodul e dry
wei ghts, the highly significant value of r indicates that
there is a linear relationship between the dry wei ght of the
pl ant tops and the nodul e dry wei ght under the growth

conditions of the experinent.

Once a relationship between the dry weights of tops and
nodul es has been established, the data can be represented
graphically. The best straight line (the regression |ine) can
t hen be drawn through the points after obtaining the
regressi on equation describing the line. This line is easily
transferred to the graph by drawing a line through any pair of

points on it, preferably chosen as far apart as possible.

The equation for the regression line for a predicted val ue of

y is given by:

_r-SDy _r*SDr
"'_[ 5D, ]"" [ SD, }‘“'Jer

Sincer = 0.84;, SD = 0.077; SD = 0.616; M = 1.421 and M

= 0. 186;

_ |D.B4 X 0.077
0.616

_|0.84 X 0,077
0.616

1.421 — 0.186

¥ = 0.105x + 0.037

By substituting into the regression equation, when x = 2, then

y = 0.246 and when x = 0.5 then y = 0.089. These two points



determ ne the regression |ine shown in Figure A. 18.
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Figure A 18. Relationship between dry weights of nodul es and
plant tops in cowpea (Vigna unguicul at a)
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A BRI EF DESCRI PTI ON OF | NOCULANT CARRI ER PREPARATI ON

Det ai | ed operational procedures on the preparation of carriers
is given by Roughley in “The Preparation and Use of Legune
Seed | nocul ants,” Plant and Soil, 1970, 32:675-701. The basic

principles are sunmari zed bel ow.

| noculum carriers may be prepared in the | aboratory from peat,
soils, or other materials high in organic matter. Peat is
usual ly wet when harvested. It is drained, strained, and
shredded then dried with forced air at a tenperature not
exceedi ng 100°C. Higher drying tenperatures should be avoi ded
as it may cause devel opnent of toxic substances which may be
harnful to rhizobia. The peat is then ground in a hamer mll
to a particle size of 10 — 40 microns. Neutralization is
achi eved by addi ng cal cium carbonate during mxing in a drum
The cal cium carbonate nay al so be added later by injecting it

together with the broth into the carrier sealed in a bag.

Any carrier may be produced simlarly fromorganic matter.
Its water holding capacity should be determ ned by adding a
little water at a tine until the desired consistency has been
reached. The anmount of cal cium carbonate needed for
neutralization should al so be experinentally determ ned by

adding a little at a time until a neutral point is reached.



Carriers may be heat sealed into thin gauged (1.5 ml)

pol yet hyl ene or pol ypropylene (3.0 nml) bags. If sterilization
is desired, the seal ed pol yet hyl ene bags my be ganma-
irradiated at 5 Mega rads. Autoclaving is possible with

pol ypropyl ene bags which are heat resistant. (Polypropyl ene
bags containing 50 g of peat are usually autoclaved for, 60
m nutes at 15 | bs pressure, and 121°C). Pol yethylene, if not
thicker than 1.5 m|, permts air exchange which is thought to
be necessary to keep the rhizobia viable. Polypropylene is
not perneable to air. 1noculant bags made fromthis nmateri al
are usually perforated or sealed with a small cotton plug in

the seamto allow for gas exchange.

Hi gh density pol ypropyl ene is autocl avable and can be used as
a container for sterilizing the carrier. However, certain
precautions need to be taken when using this material for this

pur pose.

Conpl ete sealing is avoided after the carrier has been placed
in the bags. Instead, the open end of the bag is fol ded down
and held in place by a paper clip to allow steamto enter the
bags during autoclaving. Also, bags are placed in wire
baskets or in trays with perforated bottons. Bags should be
arranged upright with sufficient space between themto all ow
for steamcircul ation. After autoclaving, the bags are

all owed to cool in the autoclave. The bags are then seal ed

with a bag sealer in a lam nar flow hood or in a sinple



transfer hood (Appendix 21). The paper clip is renoved j ust

prior to sealing.

Al ternatively, about three quarters of the open end of the bag
is sealed off after placing the carrier in the bag. The
remai ni ng unseal ed portion is folded down and held by a paper

clip. The sealing is conpleted after autoclaving.
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SEED | NOCULATI NG PROCEDURE

This procedure allows the highest possible nunbers of rhizobia
to be applied to each seed. Recomendations for quantity of
sticker (gum Arabic) and inocul ant for given weights of seeds

are as foll ows:

Table A 17. Suitable quantities of peat inoculant and

sticker for inoculating | egume seeds.

Peat Gum

Legune species Seed Wi ght I nocul ant Arabi c Sol ution
(a) (a) (m)
Arachi s hypogaea 100 10 4.0
Centrosenmn pubescens 20 3 0.75
Cicer arjietipum 100 7 3.5
Caj anus cajan 100 8 3.5
Desnpdium intortum 10 4 1.5
G ycine max 100 10 3.0
Lens culinaris 50 5 2.0
Leucaena | eucocephal a 50 10 3.0
Medi cago sativa 5 4 0.4
Phaseolus vulgaris 100 8 2.5
Styl osanthes gui anensis 5 2 0.2
Vicia faba 100 7 3.5
Vigna radiata 100 9 3.5
Vigna unguiculata 100 8 3.5

The procedure is based on inocul ati on of batches of seed of
the weights given in the table above. Place the weighed batch
of seed in a polyethylene bag (of approximtely 30 X 50 cm
size) and add the volume of gumindicated in Table A 17.

Shape the neck of the bag so as to permt it to be inflated

and then clasp it closed. Gently shake the bag for at | east



60 seconds coating all the seeds thoroughly with the gum so

t hat they appear wet.

Open the bag and add the quantity of peat-based inocul ant
specified in the table. Reinflate the bag and gently shake
the seeds with the peat until they are coated and appear
uniformy black. Stop at this stage because prol onged shaki ng

will break down the coating.

| medi ately enpty the seeds fromthe bag onto cl ean paper,
spread out the seeds, and allow to air dry. Do not dry in

di rect sunlight.

Repeat with additional batches, using a fresh bag each tine,
until the quantity of seed required for the experinent has

been i nocul at ed.

M x the inocul ated seed fromthe vari ous batches. The seeds

are now ready for planting.

Not e: The proportions of gum and inocul ant have been
tested with sees varieties in the N fTAL seed
coll ection and consistently give well-coated seeds.
Varieties with different seed size will require
slightly different quantities of gum and i nocul ant.
There is no substitute for trial runs to perfect

your inocul ation technique prior to coating seeds



that will be planted in the experinment.
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DETERM NI NG FI ELD CAPACI TY OF FI ELD SO L

Field capacity may be expl ained as the amount of water the

soil will hold in sem-equilibriumin contact with dry soil

The field capacity of a field soil needs to be known so that
the same soil in the pots can be maintained at simlar field
capacity during plant growth. Serious differences in the
wat er - status of the potted soil, especially during active

pl ant growth can lead to |large errors.

Drill a hole on the bottomof a 250 m plastic cylinder. The
hole allows air to escape when the cylinder is being filled
with soil. The neasuring cylinder chosen nust be sufficiently

transparent for making observations. Cylinders of glass or

Perspex are al so suitable.

Fill the cylinder with sanples of soil used in the pots. Tanp

the cylinder to a simlar consistency as that in pots.

Pour tap water gently into the cylinder until two thirds of
the volune of the soil in the cylinder is wetted (see Figure
A.19). This is acconplished by pouring the water to be
absorbed into the soil in small volune increnments. Continue

the addition of water until the mgrating wet-front indicates



wetting two thirds the volunme of soil in the cylinder. The
m grating water-front can be observed through the wall of the

measuring cylinder.

Allow the colum to equilibrate in the |aboratory for 48

hours.

Mark off, on the cylinder, the mddle 5 cmof the colum (See

Figure A.19). Wth a netal spatula (with flat end bent 90

degrees to forma scoop) renmove and discard soil until the top
of the 5 cmmark is reached. Continue renoving the soil, but
this time do not discard the soil. Collect the soil in a
nmet al wei ghi ng boat. Continue renpoving the soil until the

lower 5 cmmark. Then weigh the soil on the weighing boat and
dry the soil in an oven at 110°C, to constant wei ght.

Cal cul ate percent noisture in the soil.

Cbt ai n anot her sanple of soil of the same soil weight (20-30
g) and dry at 110°C to constant weight. This sanple gives the

noi sture content of the soil not adjusted to field capacity.

The follow ng exanples illustrates the use of the weight
nmeasurenents to determne the field capacity. The foll ow ng

assumptions are made to sinplify the cal cul ati ons.

1) The noisture content of the potting soil at field

capacity = 25%



2) The npoisture content of moist soil (soil not adjusted
to field capacity) = 15%
3) The weight of mpist soil in pots = 2.4 kg.
4) The dry weight of field soil = 2400 X 0.85 g.

The dry wei ght of adjusted soil = WX 0.75 g.

Use the foll owing equation to calculate the total
wei ght of adjusted soil:

2400 X 0.85 = WX 0.75; W= 2720 ¢
Add 320 g of water (2720 g — 2400 g) adjust the

noi st ure | evel of 2400 g of soil from 15%to 25%



Addition
of water

Muoist fiald sail

Hale in measuring cylindar
to allow air to escape

Fi gure A. 19.

L—  Sail at field capacity

Scm sample for moisture
determination
Ii LR L L

Water-fromt

Maist fiald soil

Determning field capacity of field soil.
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THE SI MPLE TRANSFER CHAMBER

A sinple transfer chanber for aseptic work nay be constructed
fromthe materials listed in the follow ng text, and according

to the plans in Figures A 20, A 21 and A 22.

In this design of the transfer chanmber, specific attention is
given to the placenent and position of the Bunsen burner, as
this is critical to producing a sterile environnent suitable

for aseptic work.

The Bunsen burner is inserted into the base of the chanber

t hrough a hole, allow ng approximtely 1 inch of the tip of
the burner to protrude into the chanber. In this position,
the gas supply line and the air intake ports of the burner are
left on the outside of the chanber. When the burner is |it,
the flame eventually warnms the air inside the chanber
resulting in a unidirectional warmair current. This warmair
current exits through the open front, preventing entry of

cont am nant s.

VWhen using this chanber, the followi ng instructions should be

f ol | owed:

(1) Open the hinged door and wi pe the interior thoroughly



with an antiseptic such as 70% ethanol. Allow the

et hanol to dry.

(2) Turn on the gas and light the burner. The flame should

be blue and adjusted to no nore than 6 cmin height.

(3) Close the hinged door and wait 20 m nutes before using

t he chamber.

VWhen t hrough working in the chanber, turn off the flane and

di sconnect the gas line on the outside of the chanber. Thi s

is an inportant safeguard to prevent the possibility of gas

| eaking into and filling the chanmber, which could result in an
expl osion the next time the burner is lit. Such an expl osion
is not only theoretically possible but has happened when
proper precautions were not observed. Wth correct practice
and precautions, this transfer chanmber can produce good

results.

Conmponents of the Sinple Transfer Chanber

(1) Back: made of plywood, hardwood and glass (0.2 - 0.5 cm

t hi ckness).

(2) Bottom made of plywood with form ca surface, includes

1.5 - 2 cmdianeter hole for bunsen burner.



(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Top: made of plywood.

Rei nf orcenent: nmade of hardwood or plywood; serves as

anchor for the door.

Door: made of plate glass with hardwood frane; is

attached to the reinforcenent plate via hinges.

Two sides: made of plywood and gl ass.

Ei ght wooden nol dings: to hold glass for wi ndow and door.

Ei ght wooden nol dings: to hold glass for the back w ndow.

Si xt een wooden nol dings: to hold glass for the side

Wi ndows.

Four wooden | egs: 10 cm hi gh.

The plywood used should be 2 cmthick with a snooth finish on

both sides. The chanmber should be painted with oil based

epoxy paint, |eaving a hard, snooth coat.
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FREEZE DRYI NG CULTURES OF RHI ZOBI A

Freeze drying or lyophilizing is a method of stabilizing

mat erials of biological origin. This is one of the preferred
nmet hods for the | ong-term storage of cultures of

m croorgani sns. Cultures of rhizobia remain viable for nmany

years when freeze dried and vacuum seal ed i n gl ass anpoul es.

Summary of the Process

Freeze drying allows noisture to be renoved fromthe materi al
wi t hout concurrent biol ogi cal changes. This is done by
renovi ng noi sture under a vacuum To prevent frothing as air

is withdrawn when the initial vacuumis applied, the culture

is either prefrozen or subjected to centrifugation. 1In the
fornmer case, the ice will change directly fromthe solid to
t he vapor stage. 1In the latter, the tenperature of the
suspension falls as the water vapor is renoved until it

freezes and further drying occurs by sublimtion.

During freeze drying, the ice does not evaporate
simul taneously fromall parts of the material, but
continuously fromthe outer boundary until only a dry cake is

left, resenbling the original sanple in size and shape.



Freeze drying equi pment may come with a variety of

accessories. The essential conponents of freeze drying
apparatus are: a vacuum chamber to hold the material to be
freeze dried or a manifold to which anpoul es or a vacuum
vessel can be attached; a water trap; and a vacuum punp. A
vacuum gauge is usually connected to the system between the
water trap and the vacuum punp. The water vapor which evol ves
during freeze drying is captured in the water trap, thus
prevented fromentering the punp. Water traps may be chanbers
to which drying agents have been added, such as phosphorus
pent oxi de, or they may be refrigerated condensers with

conpressors capabl e of cooling tenperatures bel ow -40°C.

Evaporati on may be hastened by heating the nmaterials to be
freeze dried. The action of the vacuumwi ||l keep the materi al
frozen as long as it contains water. The rate and efficiency
of the flow of water vapor fromthe material to the condenser
chanmber is directly related to the vapor pressure
differential; that is, the vapor pressure of the frozen

mat eri al m nus the vapor pressure of the condenser chanber.

Si nce vapor pressure and material tenperature are inversely
related, it is desirable to have a condenser tenperature of
about -40°C to -50°C, and a naterial tenperature as high as
possi bl e wi t hout causing a neltback of the material. For

cultures in anpoules, roomtenperature is usually sufficient.

Freeze drying is carried out in two stages. During the



primary stage, 90% 95% of the noisture is renmoved. After the
secondary stage, approximately 1% of the noisture renmains.
The retention of a small anmount of noisture is essential for
the survival of bacteria. This is achieved by suspendi ng the
cells in a mediumwhich will not permt conplete renoval of
noi sture. At NifTAL a m xture of peptone (5% and sucrose
(1099 is used. Since a high fatality rate occurs even under
t hese conditions, highly concentrated cell suspensions are

used.

It is often convenient to use one machine for the first stage
and anot her machine for the second stage of freeze drying as
the setup for each stage is different. Anpoules are
constricted with an anpoul e constrictor after the first stage
of drying. This permts easier sealing under vacuum after the
second stage has been conpleted. The anpoules are tested with
a high frequency tester to assure successful sealing, then
stored in the dark in a netal drawer cabinet at room

t enper at ur e.

Practice of Freeze Drving

The practice of freeze drying may vary from | aboratory to
| aboratory. The nethods described bel ow are perforned at

Ni f TAL.

a) Preparation of Cotton Pl ugs



Cotton plugs are used to plug anmpoules. No. 0 dental cotton
balls (Ri chnond Dental Cotton Co., NC, USA) may be used for
this purpose. Prior to use they are placed into 100 ni
beakers, covered with alum numfoil, and sterilized by
autoclaving. This is followed by a 1 h drying period at 80°C

in a dry air oven.

b) Preparation of Labels

Paper and ink must be conpatible (nontoxic) with the rhizobia
and resistant to nmoisture. Whatman #1 filter paper, purchased
in large sheets, and ordinary typewiter ink of vegetable base
are suitable. An |IBM conputer equipped with a printer is used
for typing the labels with the strain identification number
and date. Only one identification number is printed at one
time. The labels are cut manually to nmeasure 4 x 25 nm A
margin of 10 mmis left on one side. This enpty nmargin wll
| ater be touching the bottom of the anpoul e thus preventing
the witten part from being subnerged and rendered unreadabl e

when the cell suspension has been added.

c) Preparation of Anpoul es

Freeze drying anpoules of 0.5 m capacity, inner dianmeter of 6

mm and 100 mm | ength, are purchased from Edward's Hi gh Vacuum

W Sessex, UK. They are checked for defects such as cracks



and pi nhol es, then soaked in 10% HCl overnight. They are then
rinsed in tap water at |east six times or until the pH of the
| ast washing is neutral indicating conplete renoval of the
acid. This is followed by three rinses with deionized water
and drying in the oven. Labels are added to the anpoules with
forceps. The anpoul es are then placed into a 250 nmm beaker,
covered with alum num foil and autoclaved. The now sterile

anpoul es are dried in an oven at 80°C for 1-2 h.

d) Prepari ng Freeze Drying Medi um

A solution is made in distilled water containing 5% peptone
and 10% sucrose. The peptone/sucrose solution is dispensed in
2 m portions into snap top culture tubes and sterilized by

aut ocl avi ng.

The inclusion of 10% sucrose or another sugar in the freeze
drying nmediumw Il automatically cause it to retain 1%

noi sture after dehydration. This will inprove the viability
of the suspended organism Total desiccation would result in

death of all bacteria.

e) Growi ng and Harvesting Cultures for Freeze Drying

Only authenticated cultures should be selected for freeze

dryi ng. They should be tested again for purity by streaking

t hem out on YMA pl ates containing Congo Red and pl ates



containing BTB as well as by Gram stain. |If antisera are
avai |l abl e, they should be used as an additional check for

strain identity and purity of culture.

After these tests, the cultures are grown on YMA slants in 50
m culture tubes at 25-30°C. They should be harvested a few
days after their | og phase of growth. AlIl work should be done

under strict aseptic conditions in a transfer chanber.

Two ml of the previously prepared peptone/glucose medium are
added to each slant culture. The growth is gently disl odged
with an inoculation |oop and then transferred into a 10 m
vial. In the case of |large batches, the growth from several
slants is pooled in a 50 M culture tube. The suspension is
emul sified on a vortex m xer and imediately transferred to
the freeze drying anpoules. The cell suspension shoul d
contain approxi mately between 5 x 10° to 1 x 10 cells per ml.

Usually 6-8 ml are sufficient for 30-40 anpoul es.

f) Filling the Anmpoul es

For this operation, stringent aseptic conditions cannot be
over - enphasi zed. The work should be carried out on a | am nar
fl ow chanber that has been cleaned with an antiseptic such as
70% et hanol, and, if possible, irradiated with ultraviol et
light for 20 mi n before use. As an additional precaution,

wearing a di sposable face nmask and sterile surgical gloves is



reconmended.

To avoid a "m x-up" and/or cross-contam nation, only one
strain should be handled at a tinme. Sterile cotton plugged
Past eur pipettes with long, fine capillaries and equi pped with
a rubber suction bulb of 1 m capacity are used to transfer
the cell suspensions to the anpoules. Eight drops of
suspensi on, delivered by a Pasteur pipette with a 16 gauge tip
will equal a volume of approximately 0.2 m of material. |If
each anpoul e receives 0.2-1 m, the actual nunber of cells per
anpoule are: 0.2 x 5 x 10° = 1 x 10° cells. This is a

sufficiently |arge nunmber for survival

Loadi ng the anpoul es requires a steady hand and practi ce.
Cont am nati on of the upper portion of the anmpoule with the
cell suspension should be avoided as this will cause charring

during the constriction process.

| f | arge batches of anpoules are to be filled, a repetitive
Cornwal | syringe (avail able through Scientific Products, Co.,

USA) of 1 nml capacity is recomrended.

After filling, use a sterile glass rod to push a sterile
cotton plug into the center of each anmpoule. A second sterile
cotton plug is used to close the opening. The anmpoul es are
then | oaded into a paper towel lined VirTis vacuum jar

(avai l abl e through Scientific Products, Co., USA). The jar



hol ds approxi mately 50 anmpoul es.

| deal |y, freeze drying should be carried out at this stage
wi t hout delay. We frequently store filled and plugged
anpoul es contained in a vacuumjar in a freezer overnight,

without ill effect to the survival of the cultures.

g) Primary Freeze Drying

We use a LABCONCO No. 12 freeze dryer (Lab Con Co Corporation,
Kansas City, MO, USA) for the first stage of |yophilization

It is equipped with a large 48 port manifold, a freeze bath, a
condenser chanber, and a heavy duty vacuum punp. The machi ne

has two conpressors, one for the freeze bath and the other for
t he condenser. A MLeod manoneter is used to nonitor the

vacuum

On the night before use, the freeze bath is filled to
approximately the 10 cmlevel with nethanol, and its condenser
is activated. The bath will reach a tenperature of -40°C on
the follow ng norning. Vacuumjars containing anpoul es may
then be placed in the freeze bath. The condenser chanber is
closed, and its conpressor turned on. The condenser
tenperature usually drops to -40°Cin 20 mn. The vacuum punp
may then be activated. Fifteen mnutes |ater, the vacuum
gauge should indicate a reading below 0.1 torr. The vacuum

jars containing the frozen anpoul es may then be renoved from



the freeze bath and attached to the manifold. This should be
done quickly to prevent thawi ng of the anpoules and a
subsequent bubbling over of the suspensions. Sufficient time
shoul d be allowed for the vacuumto re-establish itself

bet ween the attachi ng of each jar. The paper towel liner in
the jar will help to prevent a thawing of the material. As an
addi ti onal precaution, the jars may be further insul ated by

wr appi ng themin paper bags for an initial 30 min or until the
evaporating water is cooling the suspensions in the anpoul es
effectively. Freeze drying is continued for approximtely 6
h. The primary drying is conpleted when the pressure gauge

shows a reading of 1.3 x 10! mbar or bel ow

h) Prior to Secondary Freeze Drying

The anmpoul es are constricted at approximtely 6 cm as neasured
fromthe bottom The constriction should be done in equal
di stance from each of the two cotton plugs to avoid charring,

whi ch may have a toxic effect on the culture.

Constrictions may be done manually over a finely adjusted
propane plus oxygen flanme. This is a learned skill which
requires practice. The anmpoule is rotated slightly below the
tip of the blue flanme so the flane passes over the

hori zontally held tube but not belowit. The rotating is
continued until the walls of the heated area have constricted

and t hi ckened and the i nner dianeter is not nore than 2 mm



At this point, the anpoule is renoved fromthe flame and
pul l ed out until the inner diameter nmeasures a little |ess

t han 1mm

At Ni f TAL, nost anpoul es are constricted on an Edwards Anmpoul e
constrictor (Edwards Hi gh Vacuum . This machi ne perforns
beautifully on a propane plus air flame, provided both the
retaining wheels are slightly adjusted fromparalleled to
toed-in position during the process, and the flane is properly
adj usted. Constricting one anpoul e requires approximtely 1

m n.

i) Secondary Freeze Drying

An Edward's Modul yo freeze dryer is used at NifTAL for the
second stage of freeze drying. This unit is equipped with a
doubl e mani fold which can hold 96 anpoul es, a condenser
chanmber, and a two stage vacuum punp. Pressure is neasured by

a built-in Pirani gauge.

The condenser is switched on until a tenperature of -50°C has
been reached. Then, the vacuum punp is activated and freeze
drying is continued for 12-18 h to reduce the noisture |evel
in the ampoules to 1% At the conpletion of freeze drying,
the reading on the Pirani gauge should show a pressure of 0.01
torr or less. The anpoules are then sealed with a twin jet

torch (Figure A.23). This is done by heating both sides of



the constriction sinmultaneously (Figure A 24), and pulling
gently at the bottom of the anpoule with a slight tw st until
the constricted area has sealed and is disconnected fromits
upper end which remains on the freeze dryer. The freeze dryer
may then be switched off and air permtted to flow slowy into
t he chanmber. The drain should be opened to renpve the

condensed wat er.

The ampoul es are checked for presence of |eaks before storage.
This is done with an Edward's T2 HF anpoule tester which is a
hi gh frequency probe. At discharge, a properly seal ed anpoul e
will display a blue flame. Anpoul es w thout vacuum seals will
show no color. The spark tester should be used only briefly
on each anmpoul e as each discharge may kill a certain number of

bacteri a.

i) Storing the Freeze Dried Cultures

| deal |y, |yophilized cultures of rhizobia should be stored at

4°C and in the dark.

Optimal storage conditions are not always avail abl e and
storage at roomtenperature and away fromlight is an accepted
alternative. At N fTAL, cultures are stored within a stee

cabinet in an air conditioned roomheld at 20°C.

k) Openi ng of Anpoul es



Ampoul es containing freeze dried bacteria culture should be
opened in an aseptic environment. A mark is filed on the
anpoul e at about the m ddle of the cotton wool plug, and a red
hot glass rod is applied to the mark. The anpoul e should then
crack at the marked area. Care should be taken in opening the
anpoule slowmy so that the onrushing air will filter through

the cotton plug without drawing it into the anpoul e.

Often the heated glass rod will not cause the desired crack at
the mark. In such a case, two |ayers of sterile tissue paper
are wrapped around the anpoule and m ninmal pressure is applied
to break open the anpoule at the file mark. This method is
especially recomrended for anpoul es which do not contain

cotton pl ugs.

The cotton plug is renoved with forceps and di scarded as
culture may be adhering to it. It should be replaced with a

new sterile cotton wool plug.

The contents of the anpoule is rehydrated with 0.5 m sterile
water. Since the nunber of surviving cells my be | ow,
attenmpts are nmade for maxi mumrecovery. A loopful is streaked
out on a YMA plate containing Congo red and on anot her plate
containing BTB. The | abel which may contain a | arge number of

cells is transferred to another YMA plate.



The remai nder of the culture is then renoved with a sterile
Past eur pipette and added to 50 ml YM broth contained in a 125
m Erl enmeyer flask. Broth and plate cultures are then

i ncubated at their optinmal tenperatures.
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Figure A . 23. Sealing anmpoul es



Figure A 24. Sealing anpoul es (cl ose-up)



APPENDI X 24

SOURCE OF RHI ZOBI A STRAI NS

The Ni f TAL Rhi zobi a Gernpl asm Resource is a conprehensive
coll ection of rhizobia for nunerous | egunes (tropical and
tenperate) and is nmaintained at the Nif TAL Center. All
strains cited in the various exercises of this book are
avai l able on witten request addressed to: Curator, Rhizobia
Gernpl asm Resource, NifTAL Center and M RCEN, University of
Hawai i, 1000 Hol onmua Road, Paia, Hawaii 96779, USA.

The INLIT strains of rhizobia are also available. INLIT is an
acronym for Nif TAL's International Network of Legume

| nocul ation Trials in which response to inoculation with

rhi zobia on 18 species of economcally inportant |egumes were
tested worl dwi de. A set of three effective and antigenically
di stinct strains of rhizobia tested in the INLIT are listed in
Tabl e A24.1. Because each strain in the group of three

rhi zobi a recomended for each | egune is antigenically

di stinct, serological nmethods of strain identification can be
used to study conpetition, persistence and other ecol ogical

aspects.

There are al so other | aboratories/instituti ons which maintain

coll ections of rhizobia:



Dr. Carlos Batthyany
Nitrosoil, Florida 622, 4 Piso
Buenos Aires,

ARGENTI NA

Rhi zobi a for Tropical Legunes

Dr. R J. Roughley

Australian I nocul ants Research and Contr ol
Horti cul tural Research Station

P.O. Box 720

Gosford, N.S.W 2250

AUSTRALI A

Al RCS Strains

Dr. R A Date

CSIRO, Div. Tropical Crops and Pastures
MIIl Road, St. Lucia

Queensl and 4067

AUSTRALI A

Rhi zobi a for Tropical Legunes

Servi ce



Dr. F. Bergersen

M cr obi ol ogy Secti on

CSIRO, Div of Plant Industry
Canberra, ACT 2600
AUSTRALI A

Rhi zobia for Clovers, Medics and ot her Tenperate Species

Prof. J. R JardimFreire
Rhi zobi um M RCEN

| PAGRO

Cai xa Postal 776

90000 Porto Al egre Do Sul
BRAZI L

Rhi zobi a for Tropical Legunes

Dr. D. J. Hune

Crop Sci ence Dept.

Uni versity of Guel ph
Guel ph, Ontario N1G 2W
CANADA

Rhi zobi a for Pea, Lupin, Alfalfa and Soybean



Dr. John Day

Soi |l M crobiol ogy Dept.

Rot hanst ed Experinental Sta.
Har penden, Herts. AL5 2JQ
UNI TED KI NGDOM

Rhi zobi a for Clovers, Alfalfa, Peas, Beans, and ot her

Tenperate Legunes

Pl ant Di seases Divi sion
D.S.I.R

Private Bag

Auckl and,

NEW ZEALAND

Rhi zobia for Clovers, Alfalfa, and Lupin

Dr. Peter van Berkum
USDA CCNFL

Bl dg. 001 Rm 309 BARC-W
Beltsville, MD 20705
USA



Rhi zobi a for Soybean and Tenperate Legunes

Dr. O P. Rupela

Seni or M crobi ol ogi st
Legunes Program

| CRI SAT

Pant ancheru, A.P. 502 324
| NDI A

Rhi zobi a for Chickpea, Pigeon Pea, and Peanut

More addresses of institutions which have rhizobia collections
can be found in Skinner, F.A , E. Hamatova and V.F. MGowan,
1983. In: World catal og of Rhizobium Collections. V.B.D.
Skerman (ed.). World Data Center for M croorgani sns at the

Uni versity of Queensland, Brisbane, Australi a.

Tabl e A 18. Legunmes and recommended strains of rhizobia

LEGUMES RHI ZOBI A* TAL# OTHER DESI GNATI ON( S)
1000 TAL 1000

Arachi s B 169 Nit 176A22(Ni tragin)

hypogaea 1371 T-1; Nit 8AII (N tragin)

1127 | HP 38



LEGUMES RHI ZOBI A* TAL# OTHER DESI GNATI ON( S)

Caj anus caj an B 1132 | HP 195

569 MAR 472
Centrosemn 651 UWKL 44
pubescens B 655 UVKL 09

1146 Cl AT 590

620 | HP 3889; CB1189

Cicer arietinum R 480 UASB 67

1148 Nit 27A3 (N tragin)
Desnodi um 569 MAR 472
i ntortum B 1147 Cl AT 299

667 Cl AT 13; MAR 471

102 USDA 110
d yci ne nmax B 377 USDA 138
379 CB 1809; USDA 136b

634 Nit 92A3 (Nitragin)

Lens culinaris R 638 -2
640 l-11
Leucaena 82 TAL 82
| eucocephal a R 1145 Cl AT 1967
582 CB 81
380 SU 47
Medi cago sativa R 1372 POA 116
1373 POA 135
Phaseol us 22 TAL 22
| unat us B 169 Nit 176A22 (Nitragin)
644 Cl AT 257
Phaseol us 182 TAL 182
vul gari s R 1797 Cl AT 899

1383 Cl AT 632

634 Nit 92A3 (N tragin)

Pi sum sati vum R 1236 ALLEN 344
1402 Nit 128C75 (Nitragin)
Psophocar pus 228 TAL 228
t et ragonol obus B 1021 Nit 132B13 (Nitragin)
1022 Nit 132B14 (Nitragin)
St yl osant hes 309 CB 756
gui aneni s B 310 CB 1024

658 CIAT 71

1397 Nit 175F9 (Nitragin)
Vicia faba R 1399 Nit 175F12 (Nitragin)
1400 Nit 175F16 (Nitragin)



LEGUMES

RHI ZOBI A* TAL#

OTHER DESI GNATI ON( S)

441 UPLB M5
Vi gha nmungo B 420 THA 301
169 Nit 176A22 (Nitragin)
441 UPLB Mo
Vi gna radi ata B 420 THA 301
169 Nit 76A22 (Nitragin)
Vi gha 209 TAL 209
ungui cul at a B 173 Nit 176A30 (Nitragin)
658 CIAT 71

*B = Bradyrhizobium R = Rhizobium

three antigenically distinct strains of

Each group consists of

r hi zobi a.
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