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ABSTRACT

Toomsan, Banyong. Ph.D., The UniversÍÈy of Manitoba, October, l98l.

Studíes on some ecologÍcal aspects of Cicer Rhizobium and the effects of

Rhizobiurn inoculation methods on chickpeas (q!""r arietinum L.)

Maior Professor: Dr. K.I,ü. Clark.

A technique of dwarfing chickpea plants by cutËíng the cotyledons off

the germinating seedling enabling them to be grov,rn and nodulate in test

tube conditions was developed. chickpea cultivar B5o-3127 growing in a

sand medium was chosen as a t'trap hosËtt for the entire research program.

IÈ proved to be useful in counting chickpea Rhizobium in both pure cultures,

soils and in unsterilízed peat lnoculum.

The technique was used to study chickpea Rhizobium populations in the

fields at ICRISAT (International Crop Research Institute for the Serni-Arid

Tropic) Centre and some Indian soils during the dry sunmers of 1978-1980.

In general, the Alfisol fields at ìCnfSef Centre that had no chickpea

history were low in chÍckpea Rhizobium; once chickpeas had been grornrn in

this soil the population of Rhizobium was high. Paddy fl-elds were found to

be lov¡ in numbers of Rhizobium even though chickpeas were groh¡rì just 2 years

previously. The populations of the chickpea Rhizobium were found to change

with soil profile depth and growing season.

Chickpea Rhizobium populations \^/ere highest when soil samples were taken

within the plant row, and decreased r¿iÈh increasing distance from the plant.

The rhizosphere of chickpea, groundnut, pigeonpea, sorghum and pearl millet

were found to be stimulat.ory or at least not inhibitory to the growth of

chickpea Rhizobium in pot experiments using an Alfisol and a Vertisol soil,
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The survival of two Rhízobium strains inoculated on chickpea seeds

using five different stickers was studied in the laboratory conditions.

The stickers do not differ Ín terms of their stickíng abílity and

prolongation of Rhizobium survival.

The effect of different stickers and inoculation methods was also

studied under three field conditions. None of the inoculated treatments

gave significantly higher yields than the uninoculated control. Liquid

ínoculation method was found to be superior to the conventional seed

slurrying method using methyl cellulose as a sticker in terms of percentage

of nodules formed bv the inoculated strains under the three field conditions.

The inoculated Rhizobium were identified by using a high level

streptomycin resistant mutant and a lor¡ intrinsic antibiotic resÍstant

character "
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FOREWORD

This thesis had been prepared in manuscript format, specified in

tlne L976 Plant Science Thesis Preparation Guide" It consists of four

sections. Thev are

Section l: Introduction

Review of literature

SecÈion 2: Results of research in manuscript forms

(lfanuscripËs I to 3).

SecLion 3: Discussion of entire research programme

reported in section 2.

Section 4: Bibliography

Appendices



GENERAL INTRODUCTION

The intake of protein in different parts of the world varies widely.

The diets of hundreds of millions of people are deficient, and oft.en

desperately deficient in protein (Dawson 1970). Protein of vegetable

origin is the mainstay of developing countries, whereas the bulk of pro-

tein in developed countries is of animal origin. with an increasing

price of nitrogen fertilizer in recenË years, the tremendous potential

of the legume Rhizobium symbiosis is likely to be an important factor in

meeting the protein requirement of the people in the developing countries

and in increasing Ëotal crop productivity in the developed agricultural

economies_. The International Crops Research Lnstitute for the Semi-Arid

Tropics (ICRISAT) was established Ln L972. Chickpea is anong its five

mandate crops. The other four mandate crops are groundnuË, pigeonpea,

pearl rnillet and sorghum. Its objectives are improvement of these five

sAT (semi Arid rropical) crops and development of farming systems to

stabilize and increase production.

Chickpea is the major pulse legume with 5.8 nillion tons produced

on 9.5 million hectares" Ninety percent of the world production is in

the SAT regÍon, Seventy-four percent of this production occurs in India,

followed by 10% in Pakistan and 4% ín Erhiopia (Dart and Krantz 1977) 
"

Chickpea is very specific in its Rhizobium requirement (Bhide L956,

Gaur and sen 1979, Habish and Khairi 1968, Raju 1936, Rasumoskaja 1934)"

It is also very sensitive to high temperature. Increasing soil- tempera-



ture beyond 30oC resulted in nodulation failure (Dart, Day and Islam Ig75,

Dart, Islam and Eagleshan 1975, Islam I975).

For legumes to be cultivated vigorously and successfully, trùe must

know the requirements of both symbionts, alone and together. rn this

context, the ecology of Rhizobium has been neglected sadly as has a

ProPer approach Ëo the production and application of inoculants (Gibson

1981). Control over inoculant quality is essential for the potential of

inoculatíon practice to be achieved, yet. few countries have recognized

its significance. The sËudy of chickpea Rhízobium ecology and control

over inoculaËed quality has been hampered by the fact the chickpea is

very sPecific for its Rhizobir:m requirement. Unlike soybeans, groundnut

and pígeonPea' there is no alternative Lest host for Lhis very specific

Rhizobium sp. Glycine ussuriensis Regel and luhck has been successfully

used in counting Rhizobium 'i aponicum. Þlacroptillium atropurpureum is used

for counting Rhizobium of groundnut and pigeonpea (cowpea group ¡hlggÞrr.o).

The objectives of these studies vJere to:

1) Develop a technique that can be used reliably in counting

chickpea Rhizobium in both pure cultures, soil and peat inoculi¡m.

2) Study chickpea Rhizobium population change during soil suorage,

fields, locations, seasons, depths, colonization on rooLs of different

crops and dispersal aL the end of a growing season.

3) Study the effect of different stickers and inoculation nethods

on chickpea Rhizobir:m survival in the laboratory and chickpea yield

under field conditions. The success of the inoculation method is

measured by yield and percent nodules formed by the inoculated strain.

Tdentification of the inoculated strain was done by using a streptomycin

resisLant marker (str 200) coupled with a low leve1 inErinsic resistant

unrker.



LITERATURE REVIEi,T

Chickpea arietinq_n L. )

Origin and Geographical Distribution

Chickpea (Cicer arietinum L") is one of the oldest and most widely

used grain leguminosae in the Middle and Far East. It has a long history

of cultivation, preceding biblical times. The earliest reference is on

an Egyptian papyrus-roll, dating between 1500 to 1100 8.c., where chÍck-

pea is cal1ed nfalcon-face8, a resemblance to its seed shape. Homer

mentioned "erebinthos" in his Iliad (1000 - 800 B.C.). The Sanskrit name

"chanakatt also points to cultivation preceding the Christian era. The

Romans knew chickpea asttlirgltt, hence the Latin name for the genus" The

specific name arietinum owes its origin again to resemblance Lo a rnm¡s

(aries) head (Krios of the Greeks).

The earliest known occurrence of the chickpea and a specimen probably

belonging to a r¡ild species of Cicer rùere reported from the Hacilar site

near Burdur in Turkey. The deposits ín these layers ¡,rere dated by the

C14 method to about 5450 years B.C. (Helbaek 1970, van der Maesen lg72).

Vavilov (1951) included the chickpea in no less than five centres

of origin, no\r regarded as centres of diversity of cultivated plants:

1) The Indian (Hindustan) centre including Burma, Assam

but not N.W. India,

2) The central Asiatic centre including N.I{. India, N.



Pakistan, Afghanistan, Tadjikistan, Uzbekistan, W.

Tian-Shan,

3) The near Eastern centrewith Asía minor and Transcaucasía,

4) The Mediterranean centre, and

5) The Abyssinian centïe (Ethiopia).

There are several opinions abouË where Cicer originated as a genus.

Popov (van der Maesen L972) visualized Cicer as a comparatively young and

incompleËely differentiated group with roots in the genera Vicia and

Ononis. Thís woul-d have happened in the Miocene age, which ended 7 million

years ago. The chickpea he visualized as an artificial product, created

by nen, rather than originating in Southern Europe as De Candolle (van

der Maesen L972) had pointed out; possibly in Asia lulinor he believed more

1 ikely.

The most recent information centres around the findings of wíld grow-

ing species related closely to chickpea, T/ùhich itself had never been

found truly wild, only as escapes from cultivation. This is the Fertile

Crescent, and in particular N. Syria, S. Turkey and adjacent Iran and

Iraq (van der Maeser' L972). The nearest reLatives, Cicer echinospermum

Davis and Cicer reticulatum Ladiz, \¡rere newly described in 1975. Hybrids

with the chickpea, C. reticulatum Ladiz x C. arietinum L., were obtained

and poinËed to the possibility of being its progenitor (Ladizinsþ and

Adler L976). From the Fertile Crescent the chickpea sÞread eastward. and

westward. It is now cultivated in over 31 countries, from }fexico and

the USÀ through Spain and Mediterranean countries, Morocco and North

African countries, to ülest Asia and to India.

The cultivated chickpea can be classified into two types:

1) I(abuli types: These are large seeded, ramshead-shaped



or round seeded chickpeas with more than 26 g per 100

seed, and creamy colour, Plants are medium Eo tall

with large leaf1ets, no anthocyanin and white flowers

and are characteristíc of the Mediterranean region.

2) Desi Ëypes: These are smal1 seeded tyPese irregularly

shaped and variously coloured, plants are small with small

leafl-ets (6 - 9 mm), sometimes Prostrate and mostly

with anthocyanin and purplish pink flowers. These are

characteristic of East Asia, EthÍopia, parts of Iran

and Afghanistan.

Chickpeas can also be grouped into winter (October/November) p1-ant-

ings, mainly of Desi type - from PakisLan easlrvard, but also Ín Ethiopia,

Sudan, Mexico and Chile; and surnmer planting, mainly Kabuli type, from

Afghanistan westwards into the Middle East, Southern Europe and North

Africa. Desi types adapted to summer plantings overlap in lran and

^ 
r^L--,'^+^-ALBIIdTI!ù L4TI.

Botany

Cicer incl-udes 40 species (van der Maeset L972). Only Cicer arietinum

is cultivated. The wild species occur in l{est and Central Asia and the

Mediterranean. Most have tiny rugose seeds, except C. biiugum, C.

echinospermum and C. retåculatum with large seeds but also rough seed

coats, even reticulate or spiny. I,¡i1d specíes are occurring in dry condi-

tions, growing in rubble, some occur in the forests of Greece, Turkey and

Iran. Perennial species can have tendrils or spines and the leaflets can

be reduced to smal-l perules. In India, C. microphylum can be found

(Kashmir, Lahaul and Spiti).



Plant ilabit. Cicer arietinum L. is a herbaceous annual, branching

mainly close to the ground. Some cultivars are semí-erect or erect with

only a few main branches; oth.ers are semi-spreading with profuse branch-

ing. Plant height is normally between 20 ' 45 cm, sometimes almost a

meter or more. The tap root when pu1Led up is 15 - 30 cm, buË the root

can extend Ëo 1 m or deeper. Generally tolerant to drought, the plant

usually grows on conserved moisture and dew. Cool conditions are pre-

ferred, frosL and snow can be withstood in early growth stages. All-

parts of the plant are covered wiËh g1-andular hairs, producing a sticky

acid secretíon.

Stem. The main stem, often not producing flowers, is rounded; the

branches are ribbed, straight or flexuous.

Leaves are imparipinnaÈe, wiËh mostly 11 - 13 leaf1ets, sometimes

more and often less in basal leaves. The leaflets vary in size between

6 and 20 mm long and 3 - 14 mm wide; their margin is serrate. Various

simple or compound mutants exist. Stipules are toothed or simple. The

acid secretion can be col1ecËed with Ëhe der,i.

Fl-orvers are typically papilionaceous, zygomorphic with a campanulate

calyx and five petals of which the standard (vexillum) is the largest in

the top, orbicular, flanked by the wings half as broad as the standard,

the keel consists of two partly jointed petals enclosing the stamens (9+f¡

and pistils. The fl-owers are borne on single flowered racemes, joinËed

to the peduncle by the pedicel. A small- arista is a rernnant of further

flowers. In some types double-flowered racenes occur, but both may not

set seed. The flower wíth the purpl-e pedicel. should be selected for

crossing.



Fruits are inflated legume of ovate-oblong or squarish shape. These

contain one to two seeds attached to the ventral suture. rarelv three to

four.

seeds vary in size (4 - 11 mm long or 4 - 75 g1100 seeds) are beaked

and round, wrinkled or angular ín shape. Seed colour is either brown in

various shades, yellowish, orange, cream, green or b1ack. The seed coat

can be smooth or rough. The cotyledons are yellow in various shades, or

green in the greenseeded cultivars. Germination is hypogeal, the cotyle-

dons remain in the soil.

Chickpea is self pollinated. Flowering habit is indeterminate and

flowering is hastened by long day, with large differences in this response

between cultivars (Dart, Is1am, Eaglesham I9l5).

Self-pollination takes place in the bud or half-open flower stage

(cleistogamy). Floi¡ers may open on one, two or three successive days,

hours depending on the Iocation. Cross-fertilization by bees is very rare.

Production. Use and Agronomy

The world production area of chickpea is about 9.5 million hectares

r¿ith an output of about 5.8 million tonnes and average yield around 600

kg/ha (Dart and Krantz L977). Ninety percent of the total production is

in the semi-arid tropics. Seventy-four percent of the total world produc-

tion is in India, followed by 10% in Pakistan and 4% Ln Ethiopia. Other

countries, in decreasing order of production, are Mexico, Burma, spain,

Morocco, Turkey, rran and ranzania. The average yields in rndia are

currently about 580 kglha (Dart and Krantz L977) and have declined by 9%

over the last 14 years.

chickpeas are eaten raw or roasted. but are usuallv consumed after
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boiling. In India, Pakistan and Bangladesh this is usually in the form

of tdhalr, prepared by sp1-itting the seedse seParating them from the

testa, and boiling with spices. Chickpea flour is used in many Indian

confectionaries or in biscuits (in Ethiopia). In Arabian countries

rhammast is prepared and in Ethiopia chickpeas are boiled, ground and

mixed with spices to make rshero waLt.

Chickpeas are grown on a variety of soils from heavy clay Vertisols

to silË loams and loess soilse to more sandy soils, e.8. parts of

Rajasthan, usually with neutral to alkaline pH. The crop is quite suscep-

tible to salíne soil condit.ions and kabuli types to iron defíciency, pro-

ducing a leaf chlorosis. Chickpeas are usually grorùn as a rainfed crop

on residual moisture although responses to irrigation, can be obtained.

This needs to be carefully controlled and a single irrigation during pod

fill is often beneficial (Saxena and Yadav L975). The response to phos-

phorous fertilizr'ng has been variable, possibly depending on the soil P

status, but thís may be related to the locaLion of the added phosphorus

in the upper soil layers which usual1-y become progressively drier during

the season, and since Prs largely immobile in soil, plant roots active in

water and nutrient uptake do not have access to the added P.

Heliothis armigera is the only major insect pest ( Davies and Lat.eef

1975). i^lilË caused by Fusarium oxysporum, root rot by Rhizoctonia

batatiocola, and a stunt disease transmitted by Aphis craccivora are \ùide-

spread in India and can reduce yields considerably. Ascochyta blight

can also be serious under some environmental conditions (Nene and associ-

ates 1976) 
"



C:Lçer Bh:Lsqb:Lgn Clas s if ication

In the Bth edition of Bergeyrs Manual (Buchanan and Gibbons 1974),

Rhizgbium \¡7as one of the genera which made up the Family Rhizobiaceae

within the Order Eubact,eriales.

Rhizobium are mainly c1-assified according to their ability to form

nodules on plants in cross-inoculation groups. Fred et al (L932) defined

cross-inocuLation groups as tgroups of plants within which the root

nodule organisms are mutuall-y interchangeable t 
.

Fred et a1 (L932) classified Cicer Rhizobium in pea group, Rhizobium

Cicer Rhizobium doeslezuminosarum Frank, but a footnote revealed that

not belong to this group.

other workers (Joshi L920, Rasumowskaia L934, Raju 1936, Bhide L956,

Habish and Khairi 1968) advocated placing Cicer arietinum rhizobia in a

seParate grouP. However, these findings were based either on tests with

root-nõdu1e suspensions instead of pure strains of Rhizobium (Rasumowskaja

Lg34), or on non-reciprocal cross-inoculation tests involving either a

single strain of Rhizobium or a hosË species from different cross-inocula-

tion groups (Joshi L92O, Bhide L956, Ilabish and Khairi 1968). Although

Raju (1936) conducËed reciprocal cross-inoculation tesEs, only a few

strains of Rhizobium and legume species r.¡ere included.

Gaur and Sen (1-979) studied cross-inoculation group specificity in

Cicer arietinum L. SevenËy-one straíns of root nodule bacteria of C.

arietinum vJere examined for nodulation on 87 species of legumes. These

species represent all Ëhe known cross-inoculation groups and were selected

from various tribes and genera of family Fabaceae and Mimosaceae. In a

reciprocal cross-inoculation study, 287 strains of root nodule bacteria

from 52 of Ëhe 87 species, were examined on various genotypes of c.



1^

arieËinum. Cicer arietinum and its root nodule bacteria did noË shov)

cross-ínoculation affinity with any of the members of the known cross-

inoculation groups; a1fa1fa, clover, pêâ¡ bean, soybean, 1upin, lotus

and cowpea miscel-1any; except for some loose non-reciprocal kinship with

Sesbania, which in its turn has strong affinity with the cor¡/pea miscellany.

They suggesLed that Cicer arieLinum and iLs root nodule bacteria should

be considered in a separate cross-inoculation group.

Methods for the ExaminatÍon of Soil and Rhizosphere Populations

The detection, identification and enumeration of strains of Rhizobium

in Ëhe soi1, rhizosphere and nodule can be achieved by the application of

various bacteriol-ogical principles and techniques (VincenË 1970). The

inherent character of the rhÍzobia to produce distinctive nodules on

legumes permits them to be counLed in the presence of the natural soil

and rhizosphere population by the "plant dilutionrr technique (Date and

Vincent 1962, Brockwell L963a). Even when Rhizobium are present in the

complex soil or rhizosphere environment in high numbers, direct isolation

from agar plates is impractical due Ëo the more vigorous growth and

higher numbers of other soil micro-organisms. Three methods generally

used in enumeration of root nodule bacterial in soil are listed below.

Selective lledia

The potential usefulness of a selective medium for Rhizobium spp. has

1-ong been recognized (Fred et al 1932), but Rhizobium differ widely in

their physioLogical characteristics (Graham and Parker L964) and it would

be difficult to develop a complete selective medium that would inhibit all

micro-organisms except Rhizobium spp. Nevertheless, a medium more selec-

tive than those normally used would facilitate the isolation and purifica-
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tion of strains. Anderson (1929) added crystal violet to the medium ¡vhen

isolating Rhizobium leguminosarum in an atLempt to suppress growth of

Bacillus (4eË9Þe_q!ef¿!tr) radiobacter. A1len and Baldwin (1931) cl-aimed

that they were able to isolate alfalfa and clover nodule bacteria from

four Kentucky and two l{isconsin soils using capiLlary tubes containing

selective medium and suspended in a rvater suspension of soils, the contents

of the tubes were plated afËer 1, L2 and 24 hours on brom-thymol blue,

yeast extract mannitol agar. Graham (1969) developed a new medium for

selectively isolating strains of Rhizobium from soil consisting of (g/t)

mannitol, 5.0; l-actose, 5.0; K2IÌPO4, 0.5; NaCl , 0.2; CaCL2'2H20, 0.21

MgSO4 .7H20, 0. 1 ; FeC13. 6H20, 0. 1 ; yeast exLract, 0. 5; agar , 20 .O " After

autoclaving the above ingredients, cyclohexamide (200 mg), pentachloro-

nitro benzene (100 mg), sodium benzyl penicill-in (25 mg), chloromycetin

(10 mg), sulfathiazole (25 me) and neomycin (2.5 *g) are added. Congo red

may also be added 2,5% of. a 1% solution.- The pH is then adjusted to 7.0.

However, this medium requires further study with Rhizobium showing dÍverse

characteristics from different soils before it can be recommended.

Obaton (I97I) used streptomycin to develop mutants in Rhizobium

trifolii and it has a potential value in ecological studies. Schwinghamer

and Dudman (1973) examined resistance to the antibiotic spectinomycin as

a possible marker to supplement streptomycin resistance in ecological or

genetic studies with rhizobia. Single step spontaneous mutants resistant

to high 1eve1s of spectinomycin were isolated from eight effective strains

representing four species of Rhizobiurn. There r/ùas no evidence of cross

resistance Ëo streptomycin and streptomycin resistant mutants were not

cross resistant to spectinomycin. Immunodiffusion showed that there were

minor changes in antigenic characËeristics for muÈants from two strains
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buL these variants rdere stil1 identifiable wíth the parent strains. Par-

tial or full loss of svmbiotic effecËiveness occurred in abouË 20% of

the spectinomycin resistant mutants and the resistance marker was unchanged

through one plant passage. It was concluded that the spectinomycin resis-

tanË mutant properly evaluated for possibl-e pleiotropic effects should

provide a useful marker system for use alone or in combination wiLh strep-

tomvcin resistance in Rhizobium.

Pattison and Skinner G974) tested the sensitivtty of 47 strains of

RhizobiumËo six antibiotics (chloramphenical, erythromycl-n, penicillin,

streptomycin, sulphafurazole and tetracycline) using Oxoid Multodisks on

yeaSt extract - mannitol agar (YMA); penicillin was the least inhibitory.

Growth of selected strains on YMA was also compared r¡Íth that on YMA con-

taining one or more antímicrobial substances. Penicillin (1 i.u./mL of

YI{A) only slightly inhibited growth of some sËrains that were sensitive to

it by the Ifultodisk test but higher concentraLions were too inhibitory to

be used in a selective medium. YI4A containing pentachloronitrobenzene

(5 ppra suspended in a 5 ppm solution of Triton X-100), brillianË green (0.5

ppm) and sodiurn azLde (0.5 pprn) did noË inhibit 15 of 18 strains of rhizo-

bia but was more inhibitory to Ëhe general microflora of four soils than

was YlfA. This mediun (ABPA) T¡ras very inhibíËory to several Rhizobium

strains when supplemented with 1 i.u./ml of penicillin.

Selective media employing antibiotics in various concentrations and

combinations, have been used successfully for the enurneration of specific

strains of rhizobia, in the presence of other known soil micro-organisms,

in model systems of soil and rhizosphere (Trinick 1970 cited in Parker et

aI 1977), Differentiation between strains of Rhizobium by antibiotic

resistance (Kanamyci,n 2 ug/ml and streptomycin 1.5 ug/rnl) has also proven
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useful in competition studies between strains in nodule formation in

Medicago sativa, Medicago trunculata, Trifol-ium reÞens, Trifolium

glomeratum and Trifolíum subterraneum (Pinto et a1 L974) 
"

Incorporation of congo red into medium is knoron to help differentiate

Ëhe Rhizobiumfrom closely relaÈed bacteria (Fred et al 1932, Hahn 1966,

Roughley and Vinceni- L967, Vincent L97O). Rhizobium absorb the dye weakly

whereas many other bacteria take iË up strongly. A tenfold increase in

the congo red concentration in agar can enhance the selectivity of the

medium for g6irobiumby intensifying the color reaction and inhibiting the

growth of gram posiËive organisms (Hahn L966).

Fluorescent Antibody (FA)

This .technique has been modífied for soil and legume rhizosphere

counts of Rhizobium spp. Aliquots of a soil or root suspension, allowed

to stand f.or 2 hours, are passed through non-fluorescent membrane filters

that are stained by FA and examined by incident light fluorescent micro-

scopy. A comparison of the FA membrane filter rhizosphere count with the

conventional plate counË, using media conËaining antibiotics to suppress

non-rhizobial organisms showed boËh methods to be in close agreement.

Other organisms and particles did not interfere with the estimation

(Trinick 1970 cited in Parker eË al L977) 
"

Plant Dilution Technique

Wilson (L926) initiated the tplanË dilution0method by exposing suit-

able host legumes to aliquots of a dilution range of soil water, eg.

101 - 106 and used the nodulaËion of the test pl-ants to estimate populations

of rl'rizobia in soil. However, dilution methods of counting involve two

basic assumptions. That the organisms are randomly distributed throughout.
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the dilutent, and that one or more organisms will induce nodules on the

test seedling. This approach is placed on a quantitaËive footing by the

most probable nrimber theory and numerous versions no\¡r exist (Tuzimura and

Watanabe L96Ia, Date and Vincent 1962, Brockwell 1963a, Ham and Frederick

1966, Elliot and Blaylock 1971, tr{eaver and Frederíck L972, Brockwell et al

L975, Grassia and Brockwell 1978). The plants are groldn in tubes con-

taining agar, sand and vermiculite or Leonard jars or pots containing

soil, or plastic bags containing nutrients ("growth pouchestt). Date and

Vincent (L962) claimed that the dilution method is likely to underestimate

Ëhe number of viable R.hizobiumby a factor not greater than two. When the

test plants are grown in certain particulate substrates (eg" sand or ver-

mículite) the rhizobial population is 1ike1y to be underestimated by a

facËor of 10 to 100 in pure cultures (Thornpson and Vincent L967, Vincent

1970). The difference seems likely to be due to discontinuity between

the point of application of the rhizobia and the invadible portion of the

rooË. For counts of non-sterile material there is a much great.er chance

of non-random distribution of Rhizobium because nodules and aggregates of

soil and root gums containing rhizobia may not. be completely disrupted

during the dilution procedures. Brockwell et al (1975) showed thaË

seedlings gror,in in tubes containing agar gave a better estimation of the

number of RhizobÍum than seedlings grolln in tubes containing vermiculite.

The underestimation \¡ras attributed to reduction of the rhizosphere in

vermiculite culture compared with agar culture when the rhizosphere effect

probably extend Ëhroughout the medium. A special calculation is required

for the most probable number of Rhizobium when the test plants are grovTn

in vermiculite (Grassia and Brockwell 1978).

Ham and Frederick (i966) compared the relative efficiency of different
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laboratory tests in detecting Rhizobium meliloti when alfalfa seeds were

inoculated with known numbers of rhizobia. The inverted bottomless bottle

(modified Leonard) and crock techniques, which utilize more than one seed

per container overestimated the number of rhizobia present on al-falfa seeds

due to the transfer of rhízobía among seedl-ings in the test contaíner. The

agar tube technique tended to underestimate the number of rhizobia present

perhaps because the anaerobic conditions in the support medium inhibited

nodule formation. Using sand as the support medium in the tube gave the

most accurate result of dírect plate counts.

Methods or sel-ection of the appropriate dilution factor and number

of replicate seedlings for the enumeration of rhizobia in the soils have

been adequatel-y defined (Vincent 1970). Furthermore, the method uny under-

estimate'populations when a concentrated soil suspension, or soil itself

is added to the test seedlings (VincenË 1965). Thompson and VincenË (f967)

detected viable Rhizobiumin soil wiËh very 1ow rhizobial populations by

means of the soil core technique; with the same soil no Rhizobiun tùere found

by the plant dilution technique. Simílarly, viable Rhizobium had been

obtained from the agar in which non-nodul-ated tesÈ seedlings had grown

Such complications are more likely to occur in agar culture than sand cul-

ture and emphasize the value of semi-quantitatíve, direct methods (ug.

growíng the legume in a soil core) for estimating Rhizobium in sparsely

populated soils (Thompson and Vincent L967). Interference from microflora

can cause skips at lower dilutions in the series of positive tubes in a

dilution series and underestimaËe the number of Rhizobiurn. This occurs in

agar tubes. Robinson (1968) found that Ëhe use of antl-fungals, such as

mycostatin, in plant dilution counts, showed some promlses in overcoming

Ëhe underestimation of popuLations due to interference from microflora
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added to the test seedling with the early dilutions. Mycostatin could be

added to the medÍum in the concenLration up to 200 pprn. However, actidione

r,¡as found Ëo be very toxic to the Lest plants and noË recommended.

The MosË Probable Number as Estimated bv Fisher and Yates Method. In

the pLant diluËion test, a series of suspensions of the rhizobia organisms,

five levels in all, is prepared, each of which is a times as dilute as the

preceding one. Each suspension is used to inoculate I tubes with a known

volume of the suspension, and the plants lefÈ to grow before examining for

the presence or absence of nodules. It has been shown that 87 ,7% of the

information on Ëhe number of organisms per tube at any given Level- is con-

tained in the total number of positive (X) or negative tubes (Y), counted

without regard to level (tr'isher and Yates 1963). If À is the number of

organisms per tube aË Ëhe highesL concenÈration, the values of À for which

the expected average number of sterile plates is equal to the observed num-

ber as given by the equation:

y = n (e-À+ e-\/a * e-x/aZ + ... . f e-l/""-l)

= Ëota1 sterile or negative tubes

= number of tubes per dilution step

= natural logarithm

= number of organisms per tube at the highesË concentration

under test

a = dilution factor

s = total number of dilution steps under test..

Table vrrr 2 (\{.L" stevens) in Fisher and Yates (1963) enabres the

solution of this equation to be obtained expeditiously for tr,¡ofold, four-

fol-d and tentola dilution series of any tength. The steps involved in

I'Ihere Y

n

À
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calculaËing the I{PN by Fisher and Yates (1963) are as follows:

L. Assessment of the total number of positive (X) and

negative (Y) tubes.

2, Calculation of the mean fertiLe (x) or mean sterile

(v) Levels.

x= X/n

Y=s-x
Where x = mean fertile levels

X = total positive tubes

n = no. of Ëubes Þer dilution

y = mean infertile levels

s = dilution steps

3. Enter Table VIII 2 v¡ith either x or v vaLue and find the K value

according to the number of dilution steps.

4, Find the number of organisms per tube (À) at the highest

concentration under test using the formula:

1ogÀ=x1oga-K

À = antilog (x Lo9 a - K)

5. Calculate the number of organisms/unit weight of original-

sample using the formula:

MPN = À'd
v.g

I{here À = number of organisms/tube at the híghest

concentration in t.he series under test

d = dilution represented by tube at Ëhe highest

concentraËion

v = volume of aliquot

g = weighE or volume of sample
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6, Calculate t]ne 95% fiducial limits of l@N. This can be

done by two different rvays:

a) Calculate variance of mean fertlle level using the

formula:
1 1.op, 2v(x) = iior.

b) Calculat.e the varíance of Lo9 À using the formula:

V(log À) = I Log 2 1og a
n

If V(x) is calcuLaËed, Ëhe next steps are:

i) CalculaËe 95% f.t-ducial- l-imits of x using the

formul-a:

95% f.íducial limits = * t t 0.5ro.SÏ

Where x = mean fertile level

ffi = stand.ard error = 
^lIÐ

ii) Re-enter the Table VIII 2 with these two calculated

figures, repeating steps 4 and 5.

If V(log À) is calculated, the next steps are:

i) Calculate 95% fiducial limits of 1og À using the

formula:

95% fiducial limiLs = Lo9 À Ï t O.5,a.ST

ii) Change Ëhe logarithmic nr:mber to actual number and

then repeaË. sÈep 5.

Example: TesËs with potato flour containing rope spores

@. mesenÈericus) gave the following observations using

five Èubes, each of 1 c.c, of dilutions conËaining 4,

2,1 ....... L/L2B S per 100 cc (Fisher and Yates 1963).
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g/100 cc Number fertile 9/100 cc Number fertile

4

2

l_

L/2

Ll+

5

5

5

5

2

2

0

0

1. Total positive (X) and negative Ëubes (V) are 31 and 19 respec-

tively.

2, llean ferËile l-evel (x) = 3L = 6,20
5

Mean inferËile level (y) = 10 - 6.20 = 3. B0

or 19 = 3"80
5

3. Using x = 6.20, y = 3.80, the Kvalue was found Ëo be 0.383.

4. 1ogÀ =6.2OLog2 -0.383=1.483

= 30.4

5. MpN = 3or4 x 190 = 760lx4

6. a) v(x) = tr#i = 0.2

b) v(loe 
^) 

= å log 2 Los 2

= 0.0181

- lthen V(x) is calculaLed:

i) 95% fLd,ucial limits of x = 6.20 I f .gO * ,/OJ

= 5"323 and 7,O77

ii) À = anËiLog 1.21-1 and 1.76L

L6"26 and 57.68

MPN = 4O7 and L44O

L/8

T/L6

tl32

L/64

L/I2B
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- I,ihen V(1og À ) is calculated

i) 95% fiducial limits of 1-og À=1.4æ!T.96 /0.0181

= I.2I9 ar.ð I.747

À = anf íl os 1.219 and L.747-Þ -. --

= 16.56 and 55.85

l'l I

MPN = 415 and 1400

Cochran (f950) calculated the 95% fiducial limit factors using another

version. These factors depend on a dilution factor and the number of tubes

per dilution. The factors are used to multipl-y or divide the I4PN to get

the upper and lower limits of the 95% fiduciaL limits.

The MPN as calculated by using Fisher and Yates method are attached

in this paper (Appendices 37 ro 40).

Ecology of Rhizobium

One of the main problems in studying Rhizobium ecology in soil is the

paucity of methods. If one is to delve into the relationships of these

organisms in soi1, techniques must be avail-able to assess directly what

these interrelationships are. A common procedure is to plant a suitable

host legume into the test soiL and t.o observe nodulation, but clearly this

technique is inadequate for ecological purposes because of the unknown num-

bers of organisms required to induce nodulation under soil conditions, the

inability of the method to localize the site of microbial action and the

prolonged time required for information to be obËained. The results de-

rived from plant testing are of great practical value, but the daLa fre-

quently cannot be interpreted in useful ecological- terms.

The development of the plant-dilution technique by l^lilson (1926) en-

ables us to enumerate the number of Rhizobium in conËaminated cultures and
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in its natural habitats. Plany deËerminations have been made of the popu-

lations of Rhizobium in soils that have been del-iberately inoculated.

Nearly al-l of these studies were performed by making dilutions of the soil,

applying the dilutions Ëo steril-e soil or agar wÍth a legume and, folLowing

growthr, examining Ëhe roots for nodules. Summarizing these many sËudies

ís very difficult because almost no generalizations are possible.

Wilson (1926) sampl"ed soil from fields of known cropping history and

showed a wide variation in the number of nodule bacteria. For alfalfa the

number ranges from none per 5 g soil to 105 per g. Low pH reduced the num-

ber of Rhizobiug. The popul-ation of nodule bacteria for Trifolium repens

was reduced from 106 to 50 as the soil pH decreased from 6.8 Ëo 5.4.

LIilson (1930) noted seasonal fluctuation Ín Rhizobium number. He

collected soil samples from 10 (small) plots eight times between October

11, 1928 and June 3, L929. Except in Ëwo ploLs there was a marked de'cl-íne

in the number of R. trifolii and R. leguminosarum as the winter season

advanced. This decrease did not occur at uniform time in the different

treatments. As the temperature increased in the spring and Lhe conditions

became favourable for growth and multiplication, the bacteria of boËh

species increased until they were in most cases as numerous in June as Ëhey

had been in October.

Wilson (1931) observed that Rhizobium leguminosarum counts ranged from

l-ess than 10 to more than LO'/E in soils from New York state, r.Thereas the

number of Rhizobius trilolii ranged from 2,500 to fO6/g.

Hely et al (1957) found that the popuLation of Rhizobium trifolii

increased during the growing season and then decLined. The numbers of

Rhizobium trifolii rose from 5/g soil before germination (May) to 75,000/g

soil at senescence (November), buË fel1 to 50/g soil by late sr:nmer.
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I^lal-ker and Brown (1935) used trJilsonrs modification of the dílution

method to determine the approximate numbers of Rhizobium melil-oti and

Rhizobiurn trifolij in various treated soils at the Agronomy Farm at lowa

state college. They found that, in general, the number of these rooc

nodule bacteria in soí1s depended upon the previous cropping history of

the Land and also upon the previous fertilizer treatments. Large numbers

of both species were found in the soil of the 3-year rotation plots where

'mixed red clover and alfalfa were grown every third year (corn-oat-legumes)

and few in the soil of the 2-year rotation plots (corn-oat) where 1-egume

crops had not been grown for over 20 years. The numbers of Rhizobium

meliloti present in soil v¡here alfaLf.a had been p1-owed up a month previous

to sampling rlere greater Ëhan the fields vhere alfalfa had not been gror,rn

on the l-and for over a year. Applications of crop residues, manure, lime-

stone and rock phosphate each enabled the soil to support a large number

of alfalfa and red clover root nodul-e bacteria. The largest numbers of

these organisms occurred in soils receiving a combination of these treaË-

ments

Nutman and Ross (1969) reported the numbers of Rhizobium trifolii,

Rhizobium I-ezuminosarum, Rhizobir:m rnel-iloti and Rhizobium lupini in some

of the arable fields of Rothamsted and trIoburn and in selected plots of the

Park Grass experiment. All species were widely distributed throughout the

arable areas, with Rhizobiurn trifol-ii and Rhizobium leguminosarum usually

much more abundant than Rhizobium meliloti or Rhizobium l-upini, especially

in fields cropped by the host.. Itlhen Ëhe host plants rrere not grown, numbers

decreased in a few years from tens or hundreds of thousands per g dry soil

to very few or none. Numbers !ùere unåffected or on1-y slightly affected by

mineral or nitrogenous fertilizers or by moderate infestation wÍLh legumi-
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nous or other Tteeds but were reduced by aciditv. Limins increased the

numbers of Rhizobium in acid soils,

Tuzimura and l^Iatanabe (1959, 1961b) reporLed the numbers of Rhizobiurn

meliloti were 1,000 - 16,000 per g of soil under a lucerne stand and 1,000

- 21500 2 years after the removal of lucerne. Two thousand to 71000

"genge" bacteria (Rhizobium spp) occurred in cultivated fíelds in spring

and about 20 - 60 in an orchard where genge (4S_qlggg_l"s- sinicus) had not

been cropped for 5 - 10 years. Numbers of soybean bacteria Gþi_Z_gÞigm

iaponicum) were 50,000 and 3,000,respectively in parts of a field cropped

wíth soybeans 1 ar'd 2 years before; where soybean vras not cropped for the

Iast 20 years the number was less than four. In a neighbouring forest 100

soybean bacteria were counted per g soil. Genge bacteria increased when

air-dried and partially sterilized soil was rewetted showed the ability of

Rhizobium to multiply saprophytically in competition with other soil micro-

organisms.

Jones

trifolii in

The numbers

105 at pH 5.

soil pH with

per g to 105

soils.

(1966) investígated the numbers and effectiveness of Rhizobium

six experimental areas in the vicinity of AberystwyEh, lIales"

of Rhizobium ranged from 100 cells/g soil at pH 3.5 to 1.8 x

7. There was a high correlation between Rhizobium numbers and

liuring increasing Rhizobium trifolii from less than 102 cells

- 106 per g/soil 2 years after the addition of lime to acid

I^leaver et al (1972) determined the numbers of Rhizobium iaponicum

in soil samples Laken from 52 fields in Iowa. The numbers ranged from 10

to more than 1 milllon per g of soil. Presence of soybeans in a cropping

history of 13 years accounted for much of the variation in rhizobial

population density beEween fields (r = 0.71""'t). Numbers of
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Rhizobium iaponicum in rhizosphere samples were not significanËly corre-

lated with soil texture, soil pH, soil organic matter or presence of soy-

beans at sampling. About 80% of the fields that had not grown soybean

before sampling contained less than 10r000 Rhizobium iaponicum per g of

soil, about 90% of the fields that had grown soybeans at least once had

10,000 or more Rhízobium iaponicum per g of soil. The probability of. find-

ing a soiL with less than 11000 Rhizobium per g of soil was about one in

10 for fields that had grov\rn soybeans and about three in four for fields

that had not previously gro!ün soybeans.

These numerous studies have not provided explanations of why some

species are abundant while others are rare or absent. SimÍ1arly, they do

not help to explain why some bacËeria1 populations persist whil-e members

of other species of root-nodule bacteria do not maintain high numbers in

soil s .

Some strains or specÍes of Rhizobium are more abundant in the rhizo-

sphere than in soil at a distance from a planÈ root. Tuzimura and Watanabe

(L962b) studied the numbers of Rhizobium trifolii in the rhizosphere of

various crops by the plant-diluËion method using crimson clover as the test

plant. The growth of Rhizobium was found to be stimul-ated in the rhízo-

sphere of hosË plants (ladino cl-over and crímson clover), non-host i-egumi-

nous plants (lucerne, courmon vetch, soybean and peanut) and non-leguminous

dicotyledonous plants (rape and tomato). The density of Rhizobiurn trifolii

in the rhizosphere soil of graminaceous crops (upland rice, wheat and Sudan

grass) was lor,¡er than in other plant rhizosphere soil .

Legumes increase numbers of soil rhizobía through build up and release

(1961c) reported

Astragalus sinicus

of rhizobia from p1-ant nodules. Tuzimura and lJatanabe

that the population of Rhizobium in the rhizosphere of
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was greater in soil remote from Ëhe roots. The population increased at

fruiting, due to degeneration of Ëhe nodules. Rovira (7962) reported

that legume exudates contain a variety of substances which undoubtedly

can serve as carbon or nitrogen sources for the root-nodule bacteria, or

which may provide the growth factors required by auxotrophic rhizobia.

Tuzimura and Llatanabe (1962a) found thaË the rhizosphere populatíon of

rhizobia under Astragalus sinicus increased from 106 to 108 per g dry

root in 37 days.

Rovira (1961) reported Ëhat noË only legumes buË also non-legumes will

occasionally exert a pronounced stimulatory effect on the root nodule bac-

teria. Rhizobir:m trifoli! was stimulated by paspalum, cotton, wheat, corn,

radish, tomato; Urtíca urens and G¡gptrglÞ sp. (Rovira 1961), Rhízobium

meliloti by radish, wheat and tomato (Tuzimura et al 1966), and Rhizobium

leguminosarum by Urtica urens and G_ge¡rhallgr sp. (Brown et a1 1968 cited

in Parker eË a1 L977). i,rihen nodul-es are intact, rhizosphere popul-ation

of rhizobia on soybeans aïe comparable to rhizosphere of non-legumes

(Diarloff L969).

The abil-ity of non-legumes to support rhizosphere and rhizoplane.

populations ofRhizobiumcouLd be of vaLue in the spread and persistence

of rhizobia in the absence of leguminous host planËs. Diatloff (1969) has

shown that, following the inoculatíon of cereal-s, the rhizobia were

sufficiently stimulated in the non-legume rhizosphere to provide adequate

nodulation of a subsequent soybean crop. He suggested the use of this

type of prior inoculation to soLve a severe nodulation problem vÌith Glycine

max.

Chatel and Greenwood (L973) sËudied the ability

Rhizobium trifolii to coloníze hosË root and soil at

of four strains of

5 day intervals up
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Lo 70 days from sowing into a field soíl. Strain differences in colonizing

ability were demonstrated, with one straín (TA1) consistently inferior to

the other three which comprísed another introduced strain (UNZ29) and two

locally isolated strains.

Although root exudates stimulate the growth of certain rhizobía and

inhibit Ëhe proliferation of others, the patterns of stimulation and ínhi-

bition cannot be correlated with the symbiotic specificities of the rlnirzo-

bia. Pet,ers and Alexander (1966) reporLed Ëhat strains of Rhizobium nodu-

lating alfalfa and birdsfoot trefoil grew readily in the root environs of

their host plants. However, Rhizobium trífolii and Rhizobium leguminosarum

proliferated as well in the alfalfa rhizosphere as Rhizobium meliloti,

demonstrating that the effect of legume in promoting growth in the root

zone is not specific for the bacterium capable of inducing nodul-ation. No

selective influence of the host legume on the ability of its homologous

micro-organism to colonize tli,e root surfaces was noted in an examination

of seven Rhizobium strains and seven genera of legumes. Legume roots ad-

sorbed large numbers of cells of several strains of the root nodule bacteria,

but the extent of adsorption was noË correlated with the infective caoa-

bilities of the micro-organisms. Root exudates collected from representa-

tives of seven legume genera stimulated growth of certain rhizobia and

inhibited the development of others, but the pat.tern of stimulation and

inhibition were unrelated Ëo the symbiotic specificities of the bacËería.

Robinson (1969b) tested t.he cultures of root-nodule bacteria, isolated

from nodules of red clover and subËerranean clover growing closely together

in the fie1d, for their comparative symbiotic ability (effectiveness) with

both red clover and subterranean clover. It was found t.hat test pl-ants of

either host speeies nodulate fasËer and more effectively when inoculated
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\^rith cultures isolated from the homologous host growing in the field than

did test plants inoculated with cultures isolated from the heterologous

host. Because the hosts had oríginally been nodulated in the presence of

the same field populations of Rhizobium trífolii, iË is concluded that the

host-legume exerts a selective effect in accepting infections from a mixed

populatíon. Robinson (L969a) also reported that Ëhe hosË tended to select

the effective strains when compared to ineffective straíns. The host

selection for specific strains of Rhizobium has also been reported in

Trifolíum repens L. (Jones and RusseL L972, Jones and Hardason 1979).

The dispersal of bacteria and other micro-organisms has attracted

corrsiderable attention for it is the basis for much of epidemiology and

is importanÈ in problems with spoilage organisms. On the other hand, com-

parable aËtention has not been given to the movement of Rhizobium, although

iL is obviousl-y important for the invasion of new plants growing in an

area, for movement from one site or not to anothert or to cause nodulation

at a point distant from the site of the original habitat.

The movement of the 1-egume root nodule bacteria in soil was first

studied by Kellerman and Fawcett (1907) who reported that Bacillus

radicicol-a (nhizobiun) and other organisms moved horizontally at a rate of

2.5 cm in 48 hours at 25oC in sterilized soils which were saturated wíth

ú7ater. In barely moist soi1s, the rate of movement of Bacillus radicicola

rvas reduced to about 2.5 cm in72 hours. tr{hen the temperature was 10oC,

Bacill-us radicicola moved onLy 2.5 cm in 3 days in saturated soils.

Frazier and Fred (L922) studied the movement of soybean rhizobia in

limed yellow sand in greenhouse conditions. They planted bacteria-free

alfalfa in boxes of sterilized soil-. Each box was divided longitudinall-y

by a metal wire, the lower part of which nas perforated. This divided the
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boxes into a main compartment in which the planLs were gror¡rn and a snal1

side compartment used to receive the wat.er or nutrienË solution for the

soi1. The soils v¡ere inoculated aÈ one end of the boxes with a suspension

of soybean bacteria. They found that the nodule bacteria travelled at the

rate of about 0.25 to 0.5 cm Þer day.

Griffin and Quail (1968) studied Ëhe movement of Pseudomonas

aerugirrosa Migula in three natural soils and in a particulate system with

known pore size. In soils with water tensions controlled at suction

pressures ranging from 100 to 11000 cm HrO, movemenË was reduced at tensions

below field capaciÈy and prevented at a suction pressure of 500 cm vrater.

Under 1ow suction pressures the organisms moved at 2 cm Ln 24 hours.

Hamdi (Lg7i) studied the influence of water tension upon the movement

of Rhizobium trifolii using coarse and fine sands and a silt loam soil in

the LaboraËory. In these media, movement of the bacteria was slowed wirh

increasing water tension and ceased when v¡ater filled pores became discon-

tinuous. Calculations showed that pore sizes were unlikely to be too small

to permit Rhizobium movemenL. Nodulation of legumes sown in partly dry

soils could be restricted by failure of the migration of the seed i.ro.ulum

or of naturally occurring rhizobia, at waLer tensions which wouLd permit

legume seeds to germinate. Hamdi (L974) subsequently found that vertical

movement was possibLe to some degree in soil, the extent of migration being

dependent upon the soil particle size and amount of precipitation in a

simulated experiment. However, the exLent of vertical movement l{as quite

smal1. These data are Ëo be expected inasmuch as bacteria typically do noË

show the capacity for extensive movement in soil.

MarËín (L971) observed significanL differences in the number of

bacteria presenË in waLer leachates from pots containing differenË plant
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species (wheat, subterranean clover, ryegrass) and within a plant species

during growth from seedling to the formation of mature seed. Bacterial

number in the leachates reached a peak which coincided with flowering for

each plant specíes" The peak values for wheat, clover and ryegrass res-

pectively were 33, 77 and 99 times the number of bacteria in leachates

from control poLs rviLhout plants. Subsequently, the number of bacteria in

leachates from wheat pots decreased until they were not signifÍcantly

different from the control-s. There \,74s a lesser decrease for the clover

and no significant decrease for the ryegrass treatments.

Chatel eË al (1968) studied the lateral movement of Rhizobium strains

in the field. While some strains moved 5 cm in 1 month in soil, oLhers

had not moved 2,5 cm in the same period. Brockwel-l- et al- (L972) explained

the recovery of strains of rhizobia from uninoculated control plots that

were serologically indístinguishable from applied strain, as the result of

accidental- contamination. Rainfall of very high intensity took place and

lateral movement of water through the soiL and over the ground might be

the main reason for this contamination.

The ability to survive deleterious physical and chemical conditions

or the ability to colonize tlne soil is an essential quality in rhizobia.

Of great importance is the absolute popul-ation size; the higher the initial

population before any harmful factors become effective, Lhe greater Lhe

probability of some ce1ls surviving. Chatel and Parker (1973a) reported

species and strains differ in their capacity to colonize host-plant roots

and soil during the growing season in a field showed a nodulat.ion problem

in the second year after establishment. Rhizobium lupini was found to

reach higher population at a faster rate than Rhizobium trifolii" A sharp

drop in the popul-ation of Rhizobium trifolii associated vrith subterranean
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clover roots early in the growing season vras followed by a recovery to

high nr:mber. No such phenomenon occurred with Rhizobium lupini. This

difference in colonizing ability among the rhizobia must surely be impor-

tant in maintaining bacterial densities sufficiently high Ëo be useful in

nodulating host plants and indeed the colonizing capacity has been related

to the failure of second year pastures of annual clovers in Australia

(Marsha11 et al 1963).

There are many .factors thaË control

in soil and rhizosphere. Some of these

Rhizobium survival and persistence

facLors will be reviewed as follows"

Temperatures

trIork on temperature effects has been mostly confined to high tempera-

ture" Vandecaveye (1927) reported that the extreme temperatures of wint,er

and suurmer did not prove t.o have any injurious effect on the nodule pro-

duction of the Rhizobiuc leguminosarum in certain soil. _De-pol1i, Franco

and Dobereiner (cited in Parker et al L977) reported little difference T¡7as

found in the death rates of Rhizobium trifolii and Rhizobium melíloti when

added to sterile soil watered to field capacity and held at 35oC. However,

a dramatic lethal effect of moist heat on the survival in soil of strains

of Rhizobium from pea, clover, lucerne and tropical legumes subjected to

40oC has been demonstrated, as has the survival of rhizobia gpplied to seed.

sown into moist soil at 40oC. Bowen and Kennedy (1959) showed that the

survival rvas dependent on strains of bacterium, initial concentration of

inoculuu and period of exposure to high tenperature.

Rhizobia are less affected by dry heat" I^Iilkins (1967) subjected the

soils taken from l¡trestern New South I,{ales and New England tableland to a

series of high temperature tests. Rhizobia present in air-dry soils sur-

vived temperatures higher than would be experienced under naËural conditions 
"
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In moisË soils the tolerance of medic rhizobia to high temperature Íüas

much lower. Strains of Acacia, Lotus and Psoralea rhizobia from I¡lestern

New South tr{aLes survived higher temperatures than strains from the New

England tableland, but the tolerance to high temperatures of medíc rhizo-

bia did not vary with source. Sanderson (cited in Parker et al 1977) found

thaË Rhizobium trifolii in aír-dried field soil survived temperatures as

high as 90oC for B hours. Chatel et al (1968) reported Rhizobium lupini

and Rhízobium trifolii survived 80oC for 6 hours in an air-dry sandy soil.

However, MarshalL (Lg64) suggested dry heat may accelerate death where

annual legumes are groÞin in areas subject to the hoË, dry summer of the

Mediterranean- type cl- imate.

Vyas and Prasad (f960) reporË the death of pea Rhizob"iurn has been

related to the low clay content. of a problern soil following investigations

into the different ability of species of Rhizobium to tolerate high tem-

peratures in Tndia. It has been shown that only certain clays afford pro-

tection. I4arshall (1964) investigated the survival of root nodule bacteria

in autoclaved soil which, after inoculation, were dried at 30oC and sub-

sequently exposed to high temperature. Rhizobium trifolii died in grey

and yellow sands heated to 70oC but survived in red sands and soils of

heavier texture. Amendment of a grey sandy soil with 5% (W/W) of montmori-

1lonite, i11ite, f1y ash or haematite protected Rhizobium trifolii from

the lethal effect of exposing the dry soil to higher temperatures. IGoli-

nite and goethite did noË protecË the Rhizobium rrifolii. After three

successive exposures at 50oC for 5 hours Rhizobium trifolii disappeared in

a grey sandy soiL, but still- survived after four exposures in the presence

of montmorillonite. He attributed the greater survivaL in heavy-textured

soils and red sands to Ëhe presence of appreciable amounts of illite or
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kaolinite and possibly goethite; neither of which are protective. Marshall

(1968) suggested that the protective mechanism of a clay envelope around

the bacteria may lower the rate of water loss from cells. Vincent (1965)

suggested that the heat. resistance of dried cells is partly due to reduced

protein denaËuration under Ëhese condÍtions.

Very little work has been done in behaviour of rhizobia at low soil

temperatures. Ek-Jander and Fahraeus (cited in Parker eÈ al L977> re-

ported work on the adaptation of rhizobia to a cold climateo showed that

isolates of clover rhizobia from the subarcËic grew faster and nodulated

their host earlier at 10oC than isolates from warmer areas. Kunelius

(1970) showed that symbiotic nitrogen fixation of Lotus spp. depended on

root temperature" N2 fixation at 9 and 12oC was depressed and growth was

Poor" Opt.imum temperature for N2 fixation was found to be between 18 and

24oC. 30oC root temperature rdas found to depress N2 fixation.

Moisture

Vandecaveye (1927) studied the effect of moisEure on Rhizobium sp.

surwival. He carried out pot experiments in the greenhouse and out of

doors demonsLrating that laboratory cultures of Rhizobium leguminosarum

grovJn in Palous silt loam are capable of surviving unusual exposure to

¡¡ide extremes of soil moisture without any apparent. effect on their ability

Eo produce nodules on the host plants. However, excessive soil moisture

to the point of saturation or flooding was found to be much more detrimen-

tal to the life of these bacteria than extreme dryness appr-oaching air-

dry conditions. Populations of Rhizobium leguminosarrì_n in pots of sterile

soil were greatly reduced aft.er 2 weeks flooding. Schroder and Gomensoro

(cited in Parker et al Ig77) 
"trtiua 

ouÈ anoËher pot experimenË and found
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that the reduction of nodule numbers on Centrosema groT^7n in previous

flooded soil was attributed to poor survival of the rhizobia. It was

claimed thaË the inoculant strains \¡rere more sensitive to excessive

water than the naLive strains.

In AusËralia (Parker et al L977), the conËinued nodulation of

certain clovers GgÀlg]¿ftm subterraneum var. tYarloopr, Trífolir¡m

fraeifgrtun) in water-logged soils suggesËs thaË harmful effects of water-

logging cannot be of great importance Lo these rhizobia.

Drought is undoubtedly an extremely imporLant factor affecting sur-

vival. Fould (L97L) studied the changes in populaËion density of

rhizobia indigenous to soils. In his experiment, eight samples of

soil were taken, air-dried and the reduction in population of Rhizobium

meliloti, Rhizobium trifolii and a Rhizobium of therLotust group was

estimated by use of a plant-dilution-infection technique. The cel1s of

Rhizobium trifolii þroved to be more tolerant of the severe drought

than did the celIs of the other Ëwo species. The populations reduced

f.rom 2.3 x 105 arrd 2.3 x LO2 Èo 9.2 x 103 and ( 10 in 35 days for

Rhizobium trifolii and Rhizobium meliloti respectively. Earlier works

(A1-bretcht L922, Richmond L926) showed that soybeans and red clover

nodule bacteria remain viable in dry soil for many years. However, these

early studies of drought resistance were not quantitative. Chatel and

Parker (1973b) studied the survival over summer of Rhizobium trifolii

and Rhizobium lupini in both the field and laboratory conditions. Dry

field soils contaíning rhizobÍa !ùere subjected to a range of temperatures

in the laboratory. The bacteria were found to survive a 6 hour exposure

to temperature as high as BOoC. Populations of rhizobia were estimated

at different depth from the end of growing season (October) Ëo early
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autumn (April) in plots which had carried dense swards of subterranean

clover and serradella. High populations of Rhizobium lupini were main-

tained in the serradella plots throughout the sunmer. Populations of

Rhizobium trifolii in the subterranean clover vrere initially much lor.Jer,

and declines with both tíme and depth. The problem known as rsecond

year mortaliËy¡ is primrrily due to low numbers of clover rhizobia in

the soil at the end of the growing season. This situation is aggravated

over the long hot dry summer, when there is a further decline in numbers.

Sa1 ini tv

Fred et a1 (1932) showed thac Rhizobium could tolerate sodium

chloríde concentrations of around 3% in broth. pirlai and sen (1966)

studied salt tolerance of eight straÍns of Rhizobium trifolii isolated

from berseem clover plant,s. The strains \rere sensitive to salt. There

rüas a progressive decrease of growth with increase in the salinity of

the media. From the regression equations expressing relationships between

the growth of Ëhe strains and the salinities of the medium, it, could be

calcuLated the salínities rvhich completely inhibited the growth of the

strains lay between 0.5 and 0.7%" Nodulation of berseem plants in

general, tr{as not. affected by salinity of the soil. Under uninoculated

conditions, yields of berseem plant increased with the saliniËy of the

soil as indicated by positive and significant correlations between the

two. The increase in the yields of plants with increase in salinity \,ras

also observed in the case of inoculated plants though it was more quali-

tative. There was a reduction in the efficiency of the strains in

saLine soils. The reduction in efficiency tended to becone less wiLh

the increase in the age of the plant.
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Bernstein and Ogata (1966) compared the growËh, nodulation, and

nitrogen content of nitrogen ferËilized and nitrogen fixing soybeans

and alfalfa of four levels of saliniËy (0 - 5.4 atm. added NaCl) in

gravel culture. Salinity rdas more inhibitory to the growth of inoculated

Lee soybeans than of nitrate fertí1ized cul-tures, Nodulat.ion was

strongly reduced at 5.4 atm. of added NaCl, and the dry weight percentage

of nodules decreased significantly with increasing salinity of the

medium. NodulaËion of California conrmon alfalfa was only slightly affec-

ted by saliniËy, and relative growth inhibition by salinity was the same

for the nitrogen fertilized and the nitrogen fixing cult.ures.

Yadav and Vyas (1971) studied the influence of some salts and pH

characterisËics of saline, alkaline and acid soils on Rhizobium spp.

for lucerne (l'fediggge sativa L.), black-gran (Ilgggg_ius. mungo Roxb.),

green gram ehCEeglgq aureus Roxb.), moth bean GÞesegl,ts aconifolius

Jacq.) and pea (Pisr:m sativum L.). BoLh salt-sensitive (0.2þ ar'd salt-

resistant (ZZ1 strains of lucerne and pea were present. Black gram and

moth-bean strains r{ere proportionately sensitive to Cl and S04, but green

gram \,ras stable. Mg# salts were stimulaËory at concentraËions lower

than 1%" For all rhizobia, 0.4 - 0.6% NaHCO, rvas critical. All the

strains survived aË pH 10, but vrere inhibited at 3.5.

Subba Rao et al (L972) reported that strains of Rhizobir:m meliloti

nodulating lucerne (Uggi_.agg sativa L.) tolerated sodium chloríde up to

37"" Hor^¡ever, seeds of lucerne did not germinate even at 1.5% concentra-

tion of NaCl. At 0.4% concentration, ínitial nodulation T/ùas not only

delayed but the number of nodules and leaves were reduced. This effect

nas accentuated wÍth an increase in the concentration of the salt. and

aË 0.7% concentration the plants failed to nodulate, indicating that the
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l-eve1s of salinity inhibitory

Rhizobium are different from

to symbiosis between the legume and the

those inhibitory to the growth of indivi-

dual symbionËs"

Ethirraj et al (L972) tested rhizobial isolates from lucerne

(y.aic"gg sativa L.), berseem (frifotfglS alexandrium), and daincha

(ge.sbagq aculeata) for their growth and tolerance in the presence of

some inorganic salts commonly found in saline soils at various concen-

trations. WiËhin the range tested sodium chloride did not show much

inhíbition. However, sodir:rn sulphate, potassium chloríde, and. potassium

suLphate were found to be inhibitory towards berseem isolates but not

to lucerne and daincha isolates. Between the isolates from the seme

host there is great variation towards their salt tolerance. Magnesium

chloride and magnesium sulphate r,rere found to be beneficial to the

growth of all isolates.

From these works, it can be generalLzed that salinity tolerances

for the hosË plant, for nodulation, and for the symbiosis, are lower

than those for the rhizobia themselves. Some species or some strains

are more tolerant to saliníty than the others. Magnesium salts at a

ProPer concentraËion are found'Ëo be beneficial for the growth of the

Rhizobium.

There has been a claim that pelleting of seed with either lime or

gypsum gives sone proËection against salinity. chhonkar et al (1971)

did pot experiments using a saline alkali soil. rt was shown thaË

pelletÍng of Phaseolus aureus L. seed rvith lime and gypsum together with

Rhizobium inoculation, significantly increased growth, nodulation and

nitrogen fixation. However, it is unclear if this was an effect on the

survival of rhizobia on Ëhe seed, their multiplication in the rhizosphere,
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or the infection Process. Wilson (1970) showed the evidence of adapt-

ability of the symbiosis between Glycine rüiehtii and its rhizobia to

increases in substrate salinity. In his experimenË, he subjected well

nodulated Glycine wiehtiå plants gror^rn in sand culture to L4 days of

salinity ranging from nil Ëo 148 meq. sodium chloride per litre of

nutrient solution and compared the response to that of similarly treated

nitrogen-fertilized plants. The latËer showed less tissue injury and a

small reduction in growth rate of high saliníty than the inoculated

plants. During salinity treatmenË, the development of new nodules and

nitrogen fixation by the existing nodules, were greatly inhibited with

the resulting marked decline in planË niLrogen concent.ration, especially

in the laminae and nodules. Despite the severity of the salt effect on

the inoculated plants the nodules that developed prior to salË treatment

appeared remarkably resisËant to stress, and rapidly regained pigmenLa-

tion and efficiency- of nitrogen fixation when sodium chloride was

removed from the culture solutions. Salt accumulation in the nodules

was limited and sensitivíty of syrnbiosis to sal-inity appeared primarily

dependenË on the hosË. These facts indicate the adaptability of sym-

biosis to increases in substrate saliníty.

Balasubramanian and Sinha (I976) studied the effects of salt srress

on the growth, nodulation and nitrogen accumulation during the vegetative

phase in chickpea. Growth and nitrogen accumulation were adversely

affected by salinity. The larger control plants produced new nodules

but the existing nodules on stressed plants grerù larger than those of

control plants. All plants had similar percentage nitrogen content but

the total plant nitrogen vas less in stressed plants due to the reduced

growth of Ëhese planEs. Reduced plant growth vigour was the primary
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effect of the salt st.ress and was mediaËed through processes other than

symbiotic nitrogen fixation.

Soil Acidity

A greaË deal has been written of soil acidity and the ecology of

Rhizobium spp. Low pH has been known to have deleterious effects on

Rhizobium survival in soil (Richmond !926,I^Iilson 1926) and liming has a

beneficial effecË on Rhizobium survival (tr{alker and Brown L935, Víncent

and tr'Iaters 1954, Jones Lg66, Nutman and Ross 1969, Robson and Loneragan

L970a, b).

The slow-growing rhizobia, Rhizobium iaponicum, Rhizobium lupini,

and the co\¡7pea complex are generally found in acid soil_s (Fred et a1

L932). Cowpea group Rhizobit¡rn could survíve 3 years in air dry storage

conditions in the soil having pH 4.5 - 5.4, while the soybean Rhizobium

could not (Richmond L926). of rhe fasr grower, Eþig"¡¿]rr melilori is

the leasË tolerant to acidic conditions (Vincent 195S).

Norris (1965) postul-ated Ëhat acid and alkali production by rhizo-

bia on laboratory media are indicative of similar act.ivíty Ín the rhízo-

sphere of legumes, conferring advantages on the bacteria ín alkali and

acid soils" The theoretical basis of Norrists hypothesis has been

challenged by Parker (cited in Parker et al 1977). Parker suggests that

the preferential use of sugars by fasË growing rhizobia, and of organic

nitrogen compounds by slow growing rhizobia, as their source of energy,

results in the production of acid or alkali respectively. In his same

st.udy, fast and slow gro\¡lers were unable to change the pH of the rhizo-

sphere of their hosts or of water extract of the soil. However, Jones

and Burrorv (1969) supporLed for Norrists suggested use of acid produc-
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tion as a selective character for inoculant bacteria. Thev tested 90

isolates of Rhizobium trifolii from 36 sites in Wales for acid produc-

tion in cultures and for symbiotic effectiveness with S.184 whiLe clover.

The range in net final pH was from 4"70 to 7.00 from an initial 7.2 írt

the culture medium. The facË that the great majority of the isolates

were acid producers confirm the work of Norris in which he put forward

the view thaË Trifoliiun repens is adapted to alkaIi soils.

AntagonisËic Microflora and Fauna

Soils are a complex living community consisting of many living or-

ganisms interacting with each other. lJhen Rhizobium trifolii and

Rhizobium meliloti were added to steri-1-i-zed and non-sterilized soi1,

the numbers of both Rhizobir:m spp. decline more rapidly in non-sterilized

soil than in sterilized soil (Danso et al L973). Mary hypotheses have

been advanced to account for the failure of the organisms to colonize

readily or for the decline of the populations naturally present or those

deliberately added to soils. These include the presence of toxin pro-

ducing micro-organisms, inhibitory agents, bacteriophages Bdellovibrio

and protozoa.

Hely et al (1957) reported that the failure of subterranean clover

Gfjlplg* subterraneum L.) in certain areas in Australia was due ro

an antagonistic effect of certain micro-organisms present in the rhízo-

sphere of the legumes raised in that soil.

Holland and Parker (1966) reported that extracts of certain recently

cleared soil in which subterranean clover failed to nodulate were fre-

quently toxic to Rhizobium trifolii, and it was proposed that antibiotic-

producing fungi rvhich proliferate on the organic material left afËer
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soil clearing led to nodulation failures.

Begg (1964) proposed that a microbial growth inhibitor was associated

with problems in clover establishment in New Zealand, he overcame the

problem of soil toxicity by the use of forur,aldehyde, which presumably

destroy the toxin producing organisms. Khan et al (1968) report. the

influence of partial soil- sterilization by either steamíng or 'Vapamt'

fumigation resulted in improvement in nodulation and yield of alf.aLf.a.

This partial sterLlization appeared to have exerted its effecL by elim-

inating endemic microflora which are capable of suppressing development

of the inËroduce sLrain, but not that of the native Rhizobium.

Robinson (L945) isolated six antagonists of the legume bacteria,

representing species of bacteria, fungi and actinomycetes commonly found

in the soil. They were tested against the legume bacteria under labora-

tory conditions" The response of the legume bacteria to the growth of

any of these antagonists in association with them was found to vary with

the strain of legume bacteria used and the antagonist. This variation

in response consisted of the simultaneous occurrence of stimulation and

inhibition, or inhibition alone. A greenhouse experiment was also con-

ducted. These six antagonísts were added to sterilized soil growing

five species of inoculated legr:mes. Several of these antagonists

appeared to interfere with nodulation of legumes. The response seemed

to vary with the species of legumes and with the antagonist. This work

suggests that the antagonists and their antimicrobial materials, may well

be one of the factors which are responsible for the decline of legume

bacteria in the soil.

Danirgi and Johnson (1966) tested the susceptibility of eíght

strains of Rhlzobium japonicum to antimicrobial act.ion of 24 isolates
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of Actínomycetes on yeast extract mannitol agar. Twenty of the isolates

produced no inhibition of rhizobía" Isolate E, antagonized only

Rhizobium Íaponjcum strain 76 ar.d isolate Eg were ant.agonistic to all

straíns. Two other isolates showed slight inhibition of straLns I22

and 123. ïnfectivity of rhizobia on soybean variety Kent was evaluated

ín the presence of selected actinomycetes isolates in autoclaved soil.

The reduction in nodule nr¡mbers produced by rhizobial strains were

357" and 53% when Actinomycete E, was introduced into the soil at the

time of planting and 28 days before planting respectively. The results

suggesË that anti-rhizobial soil micro-organisms in a particular soil

play a role in the establishment of specific rhizobial strains.

Chatel- and Parker (L972) reported soil-water extracts from soils

in which clovers nodulated poorly proved inhibitory to Rhizobium trifolii

in seed agar plates. The same ext,racts did not inhibit Rhizobium lupini.

The toxic extracts r¡ere found rnainly in the growing season, brit not

after heavy rain. Neither the soil- nor the soil-water extracts retained

their toxicity on storing. Filtered broths from pure cultures of 59

soil micro-organisms, isolated from soil and clover root in problem

strands, were tested for their effect on both Rhizobium lupini and

Rhizobium trifolii; nine isolates inhibited both species, 19 inhibited

Rhizobium trifolii only, and 31 had no inhibitory effect on either species.

None inhibited Rhizobiurn lupini without also inhibiting RhiT,obium

trifolii.

Sethi and Subba Rao (1975) reported that colonization of soil by

Fusarirm oxysporum f" pisi (ínhibitory towards Rhizobium leguminosarum)

and inoculatíon of soil with Rþizoblgr legumínosarum resulted ín a

significanË decrease in leghaemoglobin content, root nodule ancl ''iirosen
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content of pea plants (Ei""g sativr:m). However, colonization of soil

by Penicillium 1ilt"or,,r* (not inhibitory towards Rhizobiqrn leÊuminosarum

but an efficient solubilizer of Ëricalcium phosphate) and inoculation

of soil with Rhizobium legr:minosarum resulted in a significant increase

in phosphorus status of pea plants.

Bhalla and Sen (1971) isolated 51 bacterial isolates belonging to

10 different genera from Ë.he rhizosphere and nonrhizosphere chickpea

soíl. The antimicrobial effects of these isolates were tested on the

Rhizobium in vítro. It was found that bacteria belonging to the same

genus infruence differently the growth of Bh:Þobium, i,e. some had a

sËimulatory effect and some had an inhibitory effect.

Among the rhizobia t.hemselves, different strains may have anta-

gonistic effecËs to the other. Schwinghammer (1971) examined 41 strains

of Rhizobir-rm trÍfolii and 270 from clover nodules at five localities

in Southeast Australia for their inter-strain antagonism in culture.

It was found that approximately 35% of the cultures produced dialysalble

substances mildly anËibiotic towards the six indicator strains used and

almost B% of the culËures were lysogenic or produced bacteriocin-1ike

substances.

Kandaswamy and Prasad (L977) assessed the interrelaLionship

between the altered rhizosphere microflora and rhizobia of Ëhe rhízo-

spheres of green gram (-Phgs-qo.lgå gureu_Ê_), black gram (phaEe_g.!g€. munso),

and sunn hemp Grrgglarrg iuncea) follorving foliar spray with Ga (50

and 100 pprn), 2,4-D (5 and 10 ppm) and IAA (250 and 500 pprn). A posi-

tive correlation existed between t.he bacterial and rhizobial populations

in the rhizosphere of the three plant species. Horvever, no such corre-

lation Itas apparent between fungal and Rhizobium populations in black
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tion in sunn hemp was evident. The interaction between actinomycetes

and rhizobia revealed a positive influence in green gram while such

relationships did not exist in sunn hemp. This indicated that the

influence of the rhízosphere fungi in Lhe Rhizobium population varied

with the plant species.

Bdellovibrio and protozoa have been reported to be Rhizobium para-

sitic and led to the reducËion of the Rhizobium population (Keya and

Alexander L975, Danso et al L975, Alexander L977).

Keya and Alexander (L975) reported Bdellovibrio in 32 out, of 90

soils examined" Bdellovibrio did not initiate replication in liquid

media at low host densities, but it did multiply once the Rhizobium

numbers increased through growth to about 198/mf" From about 104 to

6 x 105/n1 Rhizobiug cells survived attack by the parasite in liquid

media. In nutrient-free buïfer, no significant increase in vibrio

abundance v¡as evident if the rhizobial frequency was low, whereas a

Rhizobium population containing 6 x 108 cells/ml were lysed rapidly.

The s¡me phenomenon occurred in sterile and non-sterile soils. It is

suggested that the mejor reason for the lack of elimination of the host

population in soil by its parasites is the need for a critical host cell

frequency, large Rhizobiuq number being required for Bdellovibrio to

initiate replication and low numbers of surviving hosts no longer being

able to supporÈ the parasite.

The Response of Chickpeas to Rhizobium Inoculation

Chickpea

requiremenË.

(Cicer arietinum

It uiIl noË form

L.) is very

nodules with

specific in its Rhizobiurn

other Rhizobium cross
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inoculating groups (Bhide 1956, Habish and Khairi 1968, Guar and Sen

L979). However, Lhe effect of inoculation on growth and yield of chick-

pea is not verv clear.

In 1933, Rasumowskaja (van der Maesen 1972) reported an increase

of yield on land planted with seed inoculated with symbiotic bactería,

especially in the second year after inoculation. The chickpea Rhizobium

was found to be specific. Tn L934, Rasirmowskaja established more pro-

nortiac nf rhiê Rhízobium species. Other nodule bacteria from vetches,-..-"::i::::=:=lsrlvu

clovers and peas could not form nodules on CiceE. Plants and seeds had

higher protein conLents after inoculation and final yields were higher.

In 1933, Ivanov (van der Maesen L972) found that the percentages of pro-

tein in the seeds varied from 12.6 to 3L"2% wíthin the same cultivar.

He ascribed this difference to the fact that the crop was nerù to many

stations in the USSR with non-inoculated soils. In 1948, l"farcilla

ArrazoLa et a1 (van der I'laesen 1972) reported on field trials in Spain

on the infl-uence of a commercial inoculr:m. After inoculation the root

nodules were better developed but the yields were not improved. It is

1ikely, however, that the soil already conËained the specific strain of

Rhizobir¡m.

Moodie and Vandecaveye (L944) reported that inoculation produced nor-

mal plants on. a nítrogen free sand culture indicating plants T,ùere cap-

able of fixing an adequate amount of atmospheric nitrogen for their

requiremenË. In field trials, inoculated plants were marl<ed1y greener

and more vigorous Lhan non-inoculated plants. fnoculation produced an

average increase of approximately 37 and 74% ín the grain yield on the

ttnormaltt and t'claytr phases of Pal ouse silt loam respectively. Protein

content of the seeds increased by 5.47". Immature plants increased in
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N content (from an average of 1.4% to 2.L7") and the roots increased in

N content (from 0,9% to 3.25%). Chickpeas \^rere considered more efficient

in fixing atmospherical nitrogen than field peas and were recommended

for intercropping in roLations with wheat in the USA.

Gupta and Sen (L962) reported the efficiency of. L2 isolates of

Rhizobiurn strains from chickpeas on the protein content of the plants.

By inoculation with a suspension in sterilized soil the protein content

could be raised with percentages varying from 0.9% to 7O.9% depending

on sLrain.

In 1965, Xandri Taguena and Diaz Cala (van der Maesen L972)

reported on the non-effectiveness of the commercial Spanish and American

preparations such as Cepar Seccion (liquid) and Nitragin (BhlZgÞ¡l¿m

leguminosarum Frank.) on the yield and protein content of chickpeas in

Spain. The soil must have contained Rhizobium of Cices arietinum. Some

earliness in flowering and ripening seemed t.o be present aftèr inocula-

tion. The nodules of inoculated plants \,Jere poorer in nitrogen than

those of non-inoculated plants, so Lhat a fast transport of nitrogen

that induces earliness is suggested.

Sen (1966) esËablished that the locaL strains present in the soil

were best suited to similar conditions elsewhere. Results of field

experiments aL Delhi and Karnal and pot. experiments at Coimbatore

showed that strains isolated from Karnal and Delhi \^rere more effective

at Delhi whereas Pusa and Coimbatore strains \ùere more effective at

Coimbatore. llhen seeds were treat.ed with imported strains, the N

contents of the whole plant could even decrease. The best strain

doubled the N-content in 6-week-old plants compared rvith the conLrol.

A suitable strain increased the yield of grains by L6% in one case, but
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no effects were detected in their N-content.

Chopra and Subba Rao (L967) investigated the relationship between

the bacteroid-leghaemoglobin and N-content of the root nodules. These

were positively correlated, increasing from the 50th to the 138th day.

When flowering was undeiway, the bacteroids and leghaemoglobin content

decreased, whilst the N-content remained constant.

Katti (1968) studied the effect of inoculation of chÍckpeas under

various conditions, and found that non-inoculation combined with a rate

of 22.4 kg of N per ha gave a higher number of flowers on red sandy loam,

while alluvia1 c1-ay loam produced better planËs when inoculation rnas com-

bined with a rate of 44"8 kg of P2O5'/ha.

Gupta and Kuar (1969) found abnormally large functional nodules

when cícer rùas grown on virgin land. Their diameter was 3 - 4 cm.

Sundra Rao and Sen (1969) reporled an increase of L7% to 34% in grain

yield due Ëo Rhizobium inoculation. Rewari (1970) reported a 60% increase

on farmerts fields in Mysore. Probably no bacteria \^rere present pre-

viousl-y, since chickpea cu1tivation in this state is less important.

singh (197i) reporred rhaË applicarion of 22.5 Kg N/ha had little

stimulatory effect on Ëhe growth of p1-ants. The effects on nodulation,

nitrogen fixaËion and yield were comparatively more marked. Respon-

ses to phosphate application \"rere very conspicuous, and the growth, nodu-

lation and nitrogen fixation in plants were stimulated significantly.

On an average, application of 22.51 45.0 and 67.5 Kg PrO, per ha

increased the yield by 3.81, 5.08 and 6.L2 q/ha respecrively.

Dolosinskii and Kadyrov (f975) reported the results of a poË experi-

ment. Effective strains of cicer Rhizobium increased the yield of

the aerial mass of chickpea by 25% to 36%,, and the protein content by
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2 to 6% of the total content of nit.rogen in the plants. No correlation

r^ras found between the effectiveness of strains and the activítv of their

dehydrogenase enzymes. I

SrÍrama Raju and Samuel (L976) reporLed the responses of gram

Giget arieËinum L.), variety BEG4B2, to seven Rhizobiurn inoculants

along v¡ith nitrogen at 10 and 25 Kg/ha under black and chalka soil- con-

ditions simuLtaneously. rn bLack soil, all the inoculanLs, except rARr

culture, gave very good nodulation, which was refl-ected in higher DM

production, higher N-uptake by plant, and its translocation to the seed.

These factors contributed to the significantly increased yield which

ranged from 63.8 to I34% over control. IARI culture produced a consid-

erable number of nodules but did not contribute in any way for better-

ment of the crop and was on par with uninoculated nitrogen control.

BapaË and Vaishy (1976) reported differenL strains of Rhizobium spp.

interact differently with different genotypes of Bengal gran.

Agnihothrudu and rripathi (L976) conducted six trials in Andra

Pradesh and Karnataka r,¡ith Bengal gram durirrg 1974-75. All inoculr:m

treaËed plots recorded higher yields than control p1oEs. The increase

in yield over the control was 10 to 57%. The variations in yield varied

from place to place.

Rai et aL (1977) studied the effect of inoculation of eight strains

of Rhizobium spp. on nitrogen fixing ability and yield of chickpea

variety H208 in the field conditions. There \^ras no significant diffe-

rence among treatments in numbers and dry weight of nodul_es per plant"

llowever, the yield of the inoculated ÈreatmenLs were significantly

increased over the uninoculated control within the range of. L4 to 40%.

Strain G.E. B gave the best response of 40%.
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Corbin et al (1977) reported a series of glasshouse and field

exPeriments on chickpeas in Australia. The experiments indicated the

need for inoculation of this legume species. However , aLL five strains

of rhizobia were effective in t.heir symbiosis with the lines examined

and extensive nodulation was observed even with inoculation rates 1/5

normal, with ceresan-treated seeds, The application of solid inoculant

(granular) in the rows produced better nodulation. than slurry inocula-

Lion of the seeds.

Ibdam et al (L977) conducted a field experiment to study the effect

of Rhizobium inoculation, nitrogen and simazine application, individually

and ín combinaËions, on yíeld and quality of chickpeas. Application of

nitrogen and simazine, and seed inoculation with Rhizobium increased the

grain yield significantly. The combined treatment of Rhizobium.

simazine and nitrogen increased the grain yield to the extent of 70% over

control. Application of simazine íncreased the meLhionine content.

Rai and singh (L979) studied the inoculation effects of nine

sËrains of Rhizobium for their nodulation capacity, leghaemoglobin con-

tent, grain yield, crude protein and 16 amino acid content, in chick-

pea variety C235 gro\dn on a calcareous saline alkali soil. There was

no significant correlatÍon beËween grain yield and number of nodules

(r= 0.37) or dry weight of nodules ( r= 0.29), but grain yield was

significantly correlated with leghaemoglobin content of nodules ( r =

0.95). Of the 16 amino acids analyzed in seed samples, aspartic,

glutamic, proline and histidine were greatest r,¡ith strain H45; glycine,

leucine and arginine with strain F6; norleucine, tyrosine and phenylal-

anine with strain KG3B, and alanine and valine \.ùere greatest with strain

KG41. strain KG3B led to signíficantly higher grain yield than the
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other strains.

Pareek (L979) evaluated the effectiveness of various strains of

chickpea in the field for 2 consecutive years. strain Br and 6042

recorded respectívely about 26 and L4L% Lncreases in nodule weight

against control-s in the lst and 2nd years. shoot weÍght rdas not

benefited by inoculation. Strain 6051 signifícantly increased grain

yield in the 1st year while P21 recorded an appreciable but not sigr-ri-

ficant increase in grain yield in the 2nd year. Nitrogenase activity

of intact nodules of strain 6051 was highesË in the lst year and that

of 6042 in the Znd year. strain N-l and 6042 fixed highesr (104 and

97 Kg N/ha/season) dinitrogen in the 2nd. year. Mulching benefited

nodulation, grain yield and nitrogenase activity which had been

discussed in terms of moisture conservation and raising soil tempera

ture and thus became beneficial_ t.o nitrogen fixation.

The Responses of Legumes Ëo Inoculation Methods

The legumes, members of the family Leguminosae, because of their

importance in soil fertility and sources of protein, have probably

received more at.tention to date than any other nitrogen-fixing group"

This beneficial effect on the soil- and the importance of green manuring

r^¡ere rearized by the ancient chinese, Greeks and Romans (cited in

Stewart L966) so thaE the widespread use of legumes in crop rotations

was well established long before the reason why they were beneficial

was discovered. The first recorded experimental evidence that legumi-

nous plants could utílize nitrogen from the air was obtained by the

French scientist Boussingault (cited in Stervart 1966) rvho, at

Bechelbronn in Alsace, observed that when legumes such as peas and
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clover were grown under open unsLerilized conditions they assimilated

more nitrogen than was supplied to them in combined form, r,¡hereas

cereals such as oats and wheat did not. Unfortunatelv. he decided to

report his experíment using what he considered to be more precise

method, which include the use of closed containers and sterilized sand.

As a result, there was no rhizobia available to nodulate his plants,

his earlier results \.üere, therefore, not confirmed and this, together

with the crÍticism of his studies by Justus Leibig, the eminent agri-

cul-tural chemist of the day, caused him to abandon his earrier hypo-

thesis, and left ttellriegel and I^Iilfarth to settle the controversy. Their

experiments in which they grew peas, with or without combined nitrogen

in 1) sterile sand,2) non-sterile sand, and 3) sterile sand plus soil

extract, rùere simple but decisive" They showed that good growth occurred

in every case when combined nitrogen was supplied. rn the absence of

added combined nitrogen, the sterile culture did not nodulate and

little growth occurred; in non-sterile sand only a few plants which had

become nodulated made good growth, while in the presence of unsterilized

soil extract all plants formed nodules and showed growth which was often

equal to that in the presence of combined nítrogen. They, thus established

that only plants bearing nodules fixed nitrogen, and postulated that the

nodules were the nitrosen fixing sites, that. they were formed as a

result of infection of the roots by soil bacteria, and that non-nodulated

plants \¡rere similar to cereals in that they required combined nitrosen

for growth. In 1B8B Beijerinck (cited in SLewart 1966) isolated in pure

culture a bacterir:m which caused nodules to form on legume root and

termed it Bacillus radicicola and later was given the name Rhízobii:m

leguminosarum by Frank (cited in Ster,TarE 1966),
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The practice of inoculating seed with artificial cultures of

Rhizobium dates from 1896 (Roughley 1970). rn its earliest form the

method consisted of growing the bacteria on an agar medium, suspending

the celrs in water and this suspension was then used to impregnate

either the soil directly or to inoculate the seed. rt is possible to

successfully inoculate legume seed using either agar, freeze-dried, or

peat cultures (Mcleod and Roughley 1961), the latter form (peat cul-

tures) offers some outstanding advantages. This includes increased

protection for the rhizobia when in contact with acid ferLilízers

(vincent 1958) and improve survival under a lime pelleË (shipton and

Parker 1967).

Peat base inoculum is norv widely accepted and used throughout the

world, with conventional peat inoculation being the slurrying method,

i.e" the peat inoculum slurried in water or sticker solution. the seed

then coated with the solution.

lfany substances have been used as stickers, i"e. vTater, L0"/" sucrose,

407" neutral gum arabic in the suspending fluids, methyl cerlulose,

skímmed milk, tapioca starch. Date (1970) reported that gum arabic

gave better Rhizobium survival than substituted methyl cel1ulose,

especially at a storage temperature of 25oC over long periods. Various

methyl, methyl ethyl and methyl hydroxyl propyl celluloses ürere reported

to have been tried and all gave a similar result. Peat slurry (with

water) was found to give.very poor Rhizobium survival"

rsroaran and chhonkar (L97L) studied the survival of Rhizobium

leguminosarum, Rhizobium trifoliÍ and Cicer Rhizobium on inoculated host

seed using the plate count metho.l Thar¡ fn,rn.q that gum arabic \^JaS superior

to 10% jaggery (sucrose). The slurry method was inferior to sprinkling
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1962, Date 1970) to give the best survival on seeds.

Davidson and Reuszer (1978) studied the survival of Rhizobium

jgppnrSt4 sËrain 67A68 on surfaced sterilized soybean using 12 different

sticlters (including Gum arabic). There was considerable variation

in the recovery rates of Rhizobium from one treatment to another at

initial plating, indicating that the amount of peat base inoculant

sticking to the seed varied considerably. The commercial coating mater-

ial resulted in a much larger initial population of rhizobia sticking

to the seed coat. However, there was no distinct advantage over the

control in terms of percentage of the original inoculum surviving at

Iater dates. Míneral oi1 was quite favourable in t.erms of numbers of

rhizobia held by the seed and percentage of rhizobia surviving. Darco

G-60 was exceptional in the percentage of rhizobia surviving at 15oC,

however, this was not observed at 22.5 or 30oc. rt was found that none

of the treatments gave a survival of 200,000 rhizobia per seed after a

3 week sLorage period.

Waggoner et al (1979) studied the nodulation of white clover

(f:ifg!fr- repens L.) grorùn from seed inoculated with a peat based ino-

culant using water or gum arabic as the adhesive. Tnoculation with

enough peat to supply 600 rhizobia/seed was adequate rvhen applied with

gum arabic, but not with \^7ater. Inoculation procedures normally supply

approximately 200 rhizobia/seed. There \^ras no significant difference

between the uninoculated treatnent and inoculated treatnent applied with

I^7ater for dry mâtter production percent protein or acetylene reduction.

Only nodule weight was reported to be different at an early sampling

date. Iühen gum arabic rdas used increasing the number of. rhizobia from
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600 to 3r000/seed, significant increases in any monitored parameters \Àrere

not seen,

Occasionally, some fertilizers, e.B. superphosphate, used in associa-

tion with the sowing of legumes, is deleterious to the survival of rhizobia

and prompt nodulation of the legume because of toxic pH levels. This had

led to the development of lime-pelleted seed (Cass-Smith and Goss 1958,

Roughley et a1 L966) and has perrnitted the sov¡ing of inoculated seed with

acid fertilizers, the lime coat acting'as a physical buffer between acid

fertilizer and inoculum as well as neutralizing the irmnediate environment

of the germinating seed. A number of workers have suggested that pelleting

of seeds after inoculation might prolong the survival of the applied root

nodule bacteria (BrockwelL 1962, Brockwell 1963b). Radcliffe et al (L967)

studied the survival of Rhízobium trÍfolii on inoculated seed pelleted by

13 seed pe11et coating materials. A wide variaËion in survival of organ-

isms was found. Cottrel dust and Gold hill lime proved to be detrimental

to Rhizobium. Only one out of six adhesives used did not support Rhizobium

growth (i.e. 2% ceLlulose). A tenfold improvement in rhizobia survival

was obtained on pelleted subterranean clover seeds when the rhizobia were

suspended in peat rather than broth. Only one of seven pelleting treat-

ments using a peat suspension of rhizobia in 40% gurn arabic had adequate

numbers after 8 days. Brockwell and Whalley (1970) confirmed that peat

inoculant incorporating pel1et seeds were superior to brot.h incorporating

pe1 lets .

Iswaran and Jauhri (1969) studied the effect of line and rock phos-

phate pelleting on nodulation and nitrogen fixation in soybeans in a pot

trial. Lime and rock phosphate pe1leÈing increased noduLation and dry

weíght over the inoculated but non-pel1eted aË I weeks after planting.



Brockwell and Phillips (L970) reported Rhizobir]e melí1ori inoculant

applied to lucerne seed by incorporation within a lime pellet has the

ability Ëo tolerate long periods lying in hot, d.y soíl and is able to

survive ín sufficient number to form nodules on a large percentage of

the host plants. There was little or no survival of Lotus organisms un-

der the same conditions. fn Ëhe same situation, some Rhizobium trifolii
survived but the proportion of clover plants nodulating never exceed 50%.

IË is concluded that lime pelleted Medicago seed inoculated with peat-

borne Rhizobir:m meliloti can be sown inËo hot, dry soil with good expec-

tation that the inoculant will survive and. the seedling nodulate. No

such assurance can be given for other genera of legurninous plants and

other groups of Rhizobium.

A lime pellet has been reported

fixation in saline and alkali soil.

pelleting of Phaseolus aureus L. seed

Rhizobium inoculation, s ignificantly

nitrogen fixation in a pot triai.

to improve nodulation and nitrogen

Chhonkar eÊ a1 (Lgtí) reporred

with lime or gypsum together with

increased growth, nodulation and

Norris (L97Ia) studied the effect of seed pelleting treatmenrs on

Lolus pedunculatus, Desmodium intortum and Desmod.ium ucinatrlg in the

laboratory using the itgrowout techniquett. Two stickers, cellofas A and

Methofas r^¡ere used, and pelleting materiars include 1Íme, gypsum, Kaolin,

calcium silicate, and rock phosphaËes. calcium silicate was quickly

lethal to rhizobia. Malt extracL was included in the stickers in

several experiments and had a protective action on rhizobia. Significant

effects of peI1-et treatments were observed on both seed germination and

amount of nodulation.

Norris (1971b) reporËed the effecr of lime and rock phosphaËe
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pellets on nodulation of eight species of legumes in two field condi-

Ëions. At the sod seeding site there was no beneficial effect in nodu-

laËion from lime pelleting. However, at the calcium-deficient site

lirne pelleting in comparison with cellofas inoculation improved nodul-a-

tion with eight legu*e-3þizobili¡! combinations, had no effect with six

combinations, and depressed nodulation with two combinations. Rock

phosphate pelleting showed no benefit in nodulation in 12 combinations

under sod seeding. At the calcium-deficient site, four combinations

showed improved nodulation and 12 combinations no effect, but there were

no negative effects. Pelleting treatments gave no yield increases with

the exception of Desmodium uncinatr]m at Beerr,tah where yield was signi-

ficantly increased by lime pelleting. No evidence ín favour of routine

pelleting with either lime or phosphate rdas provided by these experiments.

Norris (f971c) studied nodulation of Dolichos lablab resulting from

lime pelleted and rock phosphate pelleted seed after storage for 1 day

and 1,2, 4, 6, and B weeks at 27oC. Cellofas A was used as a sticker

and two strains of Rhizobiurn were compared. Rock phosphat.e pelleting

was superior to lime pelleting in survival of inoculant on the seed,

survival of plants in the row, and promotion of nodul-ation. Lime pellet-

ing depressed yield at B weeks of age, but not at 4 months.

trfade et al (1972) reported that doubling the inoculum rate, CaC03

pelleting, or soil fumigation increased annual dry forage yields 1,200

to 2,000 Kg/ha over that of the normal rate of inoculum. These treat-

ments improved both nodulation and seedl-ing growth. Winter forage yiel-ds

were increased 200% by pelleting inoculated seeds with CaC03. Seed

pelleting was beneficial in non-fumigated soil, but not in fumigated

soil, suggesting that pelleting made conditions more favo¡:abl-e for
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seed-borne rhizobia to cornpete with naÈive soil micro-organisms.

In some crops, for example peanuts, the seeds are generally treated

with a fungicide to give protect.ion during the germination period.

According to the results obtained in the U. S.A. (Ruhloff and Burton 1951)

Ëhe nodule bacteria are quickly destroyed by contact vrith most of the

chemicals used as seed protectants, even such as Arasan,Spergon or

Phygon which do not contain heavy metals. Various authors have suggested

that the inoculant for chemically-protected seed should be mixed wit.h

moist inert materials such as bran, saw dust, lime or even earth from

the field to be inoculated, adding the mixture to the soil before plant-

ing or at the time of planting (e.g.Baur L944)" However, the difficulty

of drilling limited amounts of moist material uniformly seems to make

these met.hods impractical" Broadcasting the mixture over the soil sur-

face and then covering it lightly by cultivation, necessitates tv'ro

special field operations and is not feasible in a hot dry climate, since

it is likely to result in rapid drying of the scattered m.ixture, and a

high mortality of bacteria before they are incorporated into the moist

soi1.

Schiffman and Alper (1968) used a technique of peat base liquid

inoculation to sowing groundnuts in Israel. Soil inoculation was tried

in field experiments during tr.ro seasons using different concentrations

and amounts of bacterial suspension and compared with direct seed ino-

culation of chemically proLected and unprotected peanut seed. Soil ino-

culaËion gave significantly better results than direct inoculation of

chemically protected or unprotected seed. Large yields of high qualiÈy

peanuts which compared favourably with highly nitrogen-fertilized pea-

nuts rtere obtained after the application of relatively smalI anounts
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(10-40 gm) of enriched peat inoculant in 5 litres of water Þer dunam

(1/10 ha).

Liquid inoculants have the advantage of adding more ce11s in the

row and thus enable the inoculated Rhizobium to compete with the native

strains. I(apusta and Rouwenhorst (1973) showed that the recovery of

applied Beltsville serogroup 138 from nodules increased from 18 to 60%

when 15 x 1010 cells/cm of row r,nere added in a liquid carrier. Boonkerd

et al (1978) found increased recovery of Beltsville serogroup 62 from

zero to 38% by the addition of 5 x 108 cells/cm of row. The results

clearly shov¡ that native Rhizobíum can be replaced in the nodules by the

applied Rhizobiqur strains.

Hale (L978) found that when white clover seeds were inoculated bv

slurrying method, less than 30% of the nodules formed at 6 weeks contain

the inoculant strain. I{hen a liquid peaË inoculum was incorporated in

the soils prior to sowing., there was a significant increase in the num-

bers of nodules containing the inoculated strains (80-90%). Dry matter

production was also increased.

Brockwell et al (1978) reported that liquid inoculation gave good

nodulation and protected the Rhizobium from chemically treated seeds. A

liquíd inoculum applicator has been developed for soybeans and lupins

(Brockwell eL a1 L978, Brockwell and Gault 1973).

Granular inoculant is an alternative to liquid inoculant. It has

been available to soybean and peanut farmers for several years. rn

its most common form it consists of granular peat curture, each gram

containing about 16,000 granules. American farmers usually apply it

via the insecticide hopper aÈtachment to the soybean planter (Brockwell

eË al 1978). Dean and Clark (L977) reported that granular inoculum gave
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betÈer results in faba beans (VE_lt faba) than powder inoculum in a 1ow

nitrate soil. A granular inoculr:m appeared to withstand 1ow soil mois-

ture conditions better than the powder form.

High 1-evel of inoculation have been achieved with granular soil

applied inoculant, which can be applied in the row wÍth the seed. Using

this technique, 20 - 50 times more inoculant can be added with seed

applied, peat-based inoculants (Nelson et al L978).

Hale (19i8) reporËed granular inoculant increased cl-over yield, B0

xo 90% of the nodules being formed by the inoculated strain. Brockwel-l

et al- (L978) reported good results in nodulation from granular inoculant

and it protected the Rhizobium from direct contact with the chemical

Èe^^*^l -^^l^L!E4LgU ÞECUÞ â

Bezdicek et al (I978) reported higher yields and better nodulation

of soybeans were obtained with granular than a peat carrier. Beltsvíll-e

Rhizobir¡m iaponicum strains 110 and 138 added as granular inoculum r^iere

associated with the highest soybean yield.

Muldoon et al (L979) reported soybean yield in Ontario, Canada did

not increase when granular or seed inoculated seeds rnere gror./n in land

where soybeans had previously gro!ùn. However, T,nihen the beans were sown

in new soybean land, there vras an inoculation response. Granular inocu-

lants caused consisLently higher yields than the seed applied inoculant.

Seed yields increased linearly with rates of granular inoculant which

were If4, Ll2, 3/4 and 1 times the manufacLurersr recommended rates for

soybeans groT¡Jn in 18 cn rows. However, above the lowest rate, the value

of the added yíeld was only equal to the cost of the extra inoculant.

Thus, in the narro\,r row soybean cu1 tural systera necessary to maximize

yields in short season areas, the manufacturersr recommended rates of
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Sranular inoculanL were higher than necessary for maximum economic return.

Methods Used in ldentifying fnoculated Rh:LZgb:Lgm

tr'Ihen inoculated legume seeds are so\¡tn in zero Rhizobiun soi1s, it

is expected that 100% of the nodules formed are from the inoculated

straín. However, most of the agricultural fields have their indigeneous

rhizobia. These rhizobia may be a threat to the success of inoculation,

How successful are the inoculated strains able to compete with the native

stfains in nodule formation? rs the failure to get the response to

inoculation due to t.he strain not competing with the native strains to

form nodules on the host or is Ëhe inoculated strain inferior to the

naËive populations? These are the Lough questions that most of the

Rhizobiologists are generally facing. l"fany techniques have been deve-

loped and employed to identify the inoculated strains from the native

ones.

Serologi cal Technioueå

Serological Ëechniques have long been used for Rhizobium strain

identificaËion" Steven (L923) was among the first to report identifi-

cation of strains of Rhizobium Íaponicum by serological procedures. He

reported the classification of eight strains into three serological

groups. I^Iright (1925a, b) classified eight srrains of Rhizobium

jgpon:isfg serologically and evaluated six of the eight in field inocu-

lation experiments. He observed marked differences in effectiveness in

soils r,¡here the uninoculated checks produced no nodules. Subsequently,

tr'Iright et al (1930) classified 156 isolates of Rhizobium iaponicum from

soils in which soybeans had grown in Japan, Manchuria, virginia,

Mississippi, and Louisiana into six serological groups and. not.ed a
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marked tendency for the isolates to fall into one serological group,

In serology studies, many techniques are used, i.e. agglutination,

gel-immuno diffusion, fluorescent antibody and enzyme-linked immuno-

sorbent assay (EI,ISA). Agglutination and ge1-immuno diffusion tesËs

have been commonly used (VincenË 1970). Both methods are time consuming

because isolation and subculturing of the rhizobia from nodul-es are

required.

However, the standard agglutinat.ion has been used by earlier wor-

kers (e.g. Vincent L94L). Read (1953) used this technique ro idenrify

the success of the inoculum strains of Rhizobium trifolii in competition

for nodulation with indigenous strains. she found thaË a suitable

strain gave rise Lo 5o% or more of the no{ules. vincent and waters

(1953, 1954), Jenkins et al (1954) successfully used this rechnique in

competition studies of Rhizobium trifolii in the laboratory and field

conditions. Koontz and Faber (1961) studied the somatic antigens of 25

strains of Rhizobium to determine possible somatic groups. They identi-

fied six somatic groups but a seventh appeared possibl-e, since three

strains of Rhizobium iaponicum did noE react with any of the 14 prepared

somatic antisera. Ëtratuta (1965) studied 62 strains of Rhizobium

'iaponicum from the point of view of their possible relegation to somatic

serogroups. Cross-agglutinations rùere carried out with all strains by

the use of 1l antisera prepared against random samples of the studied

complex of strains. Twenty-two strains reacted with none of the used

antisera even r.¡hen antisera were diluted by 1:10. It was possibl_e to

divide the remaining 40 straíns into four somatic groups between which

several common straíns appeared to exist. No common antigen for all

investigat.ed has been found. Johnson and Means (1963) studied serological
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groups of Rhizobium jappni-scB recovered from nodules of soybeans in

several field soils. They showed distinctly different populations of

bacteria in the nodules of plants gro\4¡n in each of six different soils.

Since the standard agglutination tests as previously mentioned were

done with pure cultures or isolates from nodules, it is more desirable

being able to identify the Rhizobirun withouÈ isolation. Means eË al

(L964) developed a rapid micro-agglutination test using homogenized

suspensions of nodules as an antigen. In this technique, nodules were

washed with distilled water to remove adhering soil particles, then a

nodule was placed in a 10 ml culture tube and homogenized in approximately

10 tines its weight of 0.86% NaCt. Portions of the suspension of each

nodule were Lested directly for somatic (0) agglutination against the

antisera. Heating of the nodular suspension for 30 minutes in a water

bath minimized heterogeneous cross ïeactions by destroying the non-

specific (H) antigeñ, if present. Since then it has been used to iden-

tify the Rhizobium iaponicum in the soils (Damirgi et al L967, Ca1dwe1l

and Hartwig r970, Bezdicek L972), competition studies (Johnson et al

1965, caldwell and vest L968, caldwell 1969, caldwelr and. I{eber Lg7o,

f'Ieber and lIiller.1972, Boonkerd et al 1978, semu et al 1979). However,

this rapid micro-agglutination test using homogenized suspensions of

nodules as antigens, is insensitive v¡hen sma1l nodules are examined.

Only large nodules can be used directly for immuno-diffusion (Dudman

L977).

Another method widely used is the gel immuno-diffusion technique.

Dudman and Brockwell (1968) used this technique to study field perfor-

mance of clover inoculants (¡þizgÞlun trifolii). They examined 456

isolates (between 3 and 42 months after sowing). They found 53.37. of
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the isolates were recognized as inoculum strains but one strain, TA1

was recovered more Lhan 11 times as frequently as t.he other, UNZ29, This

technique \¡7as essentially the same as the standard serological technique,

i.e. preparation of antiserâ, isolation of Rhizobium. Ho\,,lever, instead

of doing agglutination tests using tubes, slides or tray, sorne modifica-

tion was made. The test was done ín agar ge1s. The r¿ell-s were made in

an agar gel plate in a hexagonally array fashion with one well in Ehe

center" The center well served as an antiserum well while the other

six wells serve as standard homologous strain and isolate wells. It was

essential that the standard strain be put on opposite sides of the hexa-

gons. This enabled the unknown isolaLes to be adjacent to a standard

suspension homologous to the antisera being used. This would distin-

guish between true reactions of identity and cross-reactions. After

putting the antiserurn, standard strain, and isolates to their proper

wells, the petri dishes were kept at 4oC in tight-lidded boxes over

moistened tissue paper. Precipitation bands rùere visible wiLhi-n 24 hours

and could be interpreted wiLh confidence in 48 hours. This method has

been widely used in competition studies (Brockwell- and Dudman 1968,

Gibson 1968, Robinson 1969a,Ëkrd1e1a lrg7}, Brockwell et al Lg72, Lg77,

van der Merwe and Strijdon 1973, Gibson et al 1976, Diatloff L977) "

This technique again has the disadvantage of being time consurning

because isolation and subculturinE of the rhizobia from nodules is

required.

The fluorescent antibody (FA) method is

used in Rhizobium strain identification. The

ín the medical field has provided a means of

cular micro-organisms in cornplex environments

another serological method

development of FA t,echnique

specifically staining parti-

such as the soil and
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rhizosphere. Schmidt et al (1968) reported the use of this technique

to identify Rhizobium. The methodology of the FA technique involves the

preparation of antisera and conjugation of the antisera viith fluorescein

isothiocyanate (FITC). The fluorescein-labelled fluorescent antibody was

used as a stain to treat glass microscope slides recovered from the tested

soi1s. The microscope slides were then examined by fluorescent microscopy

for the presence of bacteria that reacted with the fluorescent antibody

stain. Trinick (1969) developed a method of rapid identification of nod-

u1e smears using the FA technique. It was found that bacteroids from the

nodules of clovers, medics and serradella reacted to FA staining in a simi-

1ar fashion to cultured cel1s. Nodule squashes or smears have been used

to identify strains of Rhizobium trifolii (Triníck L969, Jones and Russell

L972, Roughley et aI L976), Rhizobium meliloti (Trinick L969), Rhizobium

lupini (Trinick 1969) and Rhizobium iaponicr:m (Bohlool and SchmidË 1970,

1973) in competítive studies" The use of the FA technique has been repor-

ted to be hindered through interfererice by non-specific adsorption of

l-abelled antisera by plant and soil materials (Trinick cited in Parker et

aL L977), but this non-specific fluorescence has been eliminated by treat-

ing specimens with gelatin-Rhodamine isothiocyanate (RhIT). Hov,rever, the

disadvantage of this technique is the requirement of expensive microscopic

equipment and large amounts of antibody.

A recent serological technique used in identification of Rhizobium

is the use of enz¡rme-linked irnmunosorbent assay (ELISA) " In this test

Ëhe antigen (A) is added to a specific antibody (Ab) which has pre-

viously been adsorbed onto a solid surface of a polystyrene microtiter

plate. The irnnobilized A-Ab is then coated with an enzyme-labelled

specific anËibody. Further additions of a suitable enzyme substrate
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permiËs the colorimeËric detection of the enzyme-1abe11ed antibody that

has been complexed with the trapped antigen. If the antigen is not

specific to the anËibody, the complex cannot be constructed and no

colorimetric reaction will occur, Kishinevsþ and Bar-Joseph (1978) used

ELISA for serological identification of peanut Rhizobium strains both in

ce1-1 suspension of pure cultures and in single root nodules of groundnut

Gfg_"trfq hypogaea) plants. Antisera of three peanut Rhizobiurn strains

were Lested against eight different Rhizobium isolates. Three serogroups

identified by agglutination and immuno-diffusion tests were confirmed by

ELISA. It was found thaÈ ELISA was more sensitive by four to six orders

of magnitude than the agglutination and immuno-diffusion tests and

enabled the detection of Rhizobium antigens in cell suspension of 104 -

105 cell per millilitre. ELISA enabled the precise typing of rhizobial

isolates in single sma1l root nodules. The minimum fresh weight of

nodule tissue necessary to perform the ELISA test was 0.4 mg crushed in

1 nl of phosphate-buffered saline (PBS). ELISA was also successfully

used for strain identification in mixed inoculated plants. One of the

strains in each pair formed most of the nodules examined.

Berger et al (1979) used the ELISA technique to identify strains

of Rhizobium in culture and in 1enti1 nodules. The test could be used

on cells from both fresh and frozen nodules obtained from plants grovrn

in a growth chamber or in the field. Test results were confirined by

irmuno-fl-uorescence, This ELTSA technique can be used for f ield studies

and requires less antisera than other serological techniques.

Morley and Jones (1980) mâde a modifÍcation of the ELISA technique

using a fluorescent substrate. Comparisons were made between this highly

sensitive technique and the conventional method for investigations of
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the Rhizobium/leguure symbiosis. The t.echnique could be used to deLecË

Rhizobium spp. both from pure culture and from nodules on Trifolíum

repens at a concentration of 104 ce11s/rnl. Tests for cross-reacLivity

indicated that the technique will facilitate a wide range of experiments

which require the identification of Rhizobium sLrains.

Resistance to High Concentrations of Antibiotics

Many workers have successfully used resistance to high concentra-

tions of antibiotics to identify the inoculated strains. This method

involves inoculating the seeds with Rhizobium strains resistant to high

concentratíons of one or more antibiotics. The seeds are then sown in

the field. Nodul-es are collected, Rhizobium isolated, and exposed to

high concentrations of the anLibiotics. Obaton (1971) reported the

use of Rhizobiurn rnel-i1oti mutants to streptomycin or Kanamycin or both

to investigate strain competition and survival in soi1. It was found

that afLer inoculation of lucerne seeds, the rhizobia could be isolaËed

from the planË nodules and grown on specific antibiotic containing media

even after several years of grovrth in open soil.

Franco and Vincent (1976) used streptomycin resistance to distin-

guish between strains of Rhizobium competing for the colonization and

nodulation of Macroptilium atropurpureum (DC) VRB (Siratro) and

Stylosanthes guianensis (Aubl) Swartz (Stylo, line IRI L022). They found

that related strains and strains of similar growth habit competed more

w ith each other in the colonization of the root surface Lhan did a fast

grorving strain in association r.¡iÈh a typical slow grower. Capacity

amongst slow growing strains to dominate a paired cornpetitor in the

colonization of the root lùas a st.rain characteristic and was not
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affected by the host. IE was unrel-ated to effectíveness in the Rhiaob:lgm-

hosË association. In five of the seven cases nodulation success could

be related quantitatively to root surface representation and a

lcompetitive indexr calculated; in the remainder one of each pair over-

whelmed the other over a wide range of inoculum ratios. Ït was not

possible to relate competitive nodulating success to any single feature

of the host: EhicgÞrpm symbiosis. In Ëhe two most striking cases, a

relationship between competitiveness and N2-fixing effectiveness rrras.

reversed, in others competitiveness difference r^ras as great between

equally effective as between strains of differing effectiveness. In the

case of stylo there vTas a marked dominance of an ineffecÈive over an

effective competitor, which might be attributed to compatibility, as

indicated by faster nodulation by tl-re inef fective strain. This last

result argues against the use of mixed inocula including any sËrain

ineffective on any of the hosts for which the inoculum is recommended.

Schwinghammer and Dudman (1973) examined resistance to the anti-

biotic spectinamycin as a possible marker to suppl-ement sLreptomycin

resístance in ecological or genetic studies with rhizobia. Sing1e step

sponLaneous mutanLs resistant to high level of spectinomycin were iso-

lated from eight effective strains rePresenting four species of

Ehi¿gÞi¡g, i.e. Rhizobium meliloti, Rhizobium trifolii, Rhizobium

legumínosarum, and Rhizobiuro iaponicum. There r¡ras no evidence of cross

resistance to streptomycin, and streptomycin resistant muLants ürere noL

cross resisLanË to spectinomycin. Minor changes in antigenic character-

istics examined by immuno-diffusion agar ¡,¡ere detected for mutants from

two strains but these variants were still identifiable rùith the parent

strains. Partial or full- loss of symbiotic effectiveness occurred in
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only about 207, of the spectinomycin resistant mutants and the resis-

tance marker r,¡as unchanged through one plant Passage. It is concluded

that spectinomycin resistant mutants properly evaluated for possible

p1-eiotropic effects should provide a useful rrarker system for use alone

or in combination wiEh streptomycin resistance in Rhizobiqq. Holding

(cited by lJ,ale 1978) used rifamycin as a supplement to strePtomycin

resistance in competition studies with Rhizobium trifolii.

Brockwell et al (L977) inoculated subterranean clover seed

Gfllglium subterraneum L.) with marked strains of Rhizobium trifolii,

distinguished from other strains antigenically and by streptomycin resis-

tance. The inoculated seeds r,rere sown in a field environment having a

nat.ural population of Rhizobiurn trifolii. fsolates from nodules obtained

periodically during the following 41 months were classified using both

methods of identification in para1le1. There vTas a gradual disappearance

of the inoculum strains which occurred more rapidly in plots of cv

!,Ioogenellup than in ploËs seeded wiËh cv Mount Barker. At five harvests,

Ëhere was 95% (or greater) correspondence between inoculum survival using

either method of identification. There was evidence that a sma1l propor-

tion of Ëhe progeny of the inocula sustained independent loss of antigenic

character and/or streptomycin resistance in the field or, alternatively,

Èhat strains occurring naËura1ly acquired these characteristics. A few

nodules contained more than one strain of rhizobia. These exceptions

occurred at low frequency and did not interfere substantially with

identification results. It is concluded that gel Ímmune diffusion

serology and the use of streptomycin resisÈant mutants are both reliable

uethods for identifying sLrains of rhizobia re-isolated from fíeld

environments.
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The isolation of sponLaneous mutants of Rhizobir:m species resistant

t.o antibiotics may be accompanied by change in the ability to form

nodules (infectivity) or in the ability to fix nitrogen (effectiveness).

Schwinghamer (L967) found that resistance Lo antibiotics known to

inhibit protein synthesis, è:8. streptomycin, spectinomycin and

chloramphenícol, vras associated r¡ith little or no loss of symbiotic

effectivenesse whereas resistance to antibiotic affecting celL wa11

synthesis and permeability was ofËen accompanied by loss of effective-

NESS.

Pankhurst (\977) isolated mutants resistant to 16 individual anti-

biotics from two fast growing and two slow growing strains of Lotus

Rhizobium. These mutants were evaluated for their effectiveness on Lotus

pedunculaËus. It was found thaË resistance to streptomycin, specËino-

mycin, chloramphenical and tetracycline (inhibitor of protein synthesis)

vnas associated with little or no loss of effectiveness with all four

strains but resistance to nalidixic acid and rifampicin (inhibitor of

nucleic acid synthesis) and to D-cycloserine, novobiocin and penicillin

(inhibitor of cel1 wal1-cel1 membrane synthesis) was associated with

significanË loss of effectiveness in 20 to l-00% of Ëhe mutants. Resis-

tance to viomycin, neomycin, kanamycin and vibramycin was associated

with loss of effectiveness with mutants of the two fast-growing strains

but not with mutants of the slow-growing strains.

Levin and Montgomery (L973) determined the response of selected

strains of Rhizobium iaponicr:in to 50 antibiotics. The mosË effecËive anti-

biotics for this species include kanamycin, streptomycin, triburon, vibra-

mycin and viomycin. Mutants were recovered which were resistant to these

drugs individually and in various combinations of two. Single and double
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mutants which grevù as well as the sensitive parent strains on non-

sel-ective media, were tested for infectivity and effectiveness of nitro-

gen fixation in soybeans. Six weeks after germinaLion, plants were

harvested and compared with respect to size, number of nodules, color,

number of trífoliate leaves, dry weight and total nitrogen. Their

finding indicated no dramatic differences either in infectivity or

effectiveness between certain antibiotic-sensitive strains and their

resistant mutants. In contrasË, Zelazna-Kowalska (I97L) reported strains

o¡ ¡þiøobium trifolii became non-infective for red clover after acquiring

100 pg/ul streptomycin resistance by mutation or transformation. His

work pointed ouË that the l-oss of infectivity of Rhizobium EiÍ91ü were

streptomycin resistant dependent

Jones and Bromfield (1978) studied the svmbiotic effectiveness of

singly or doubly mutant of Rhizobium Lri folii resistance to streptomvcin

and spectinomycÍn. They found Ëhat the urajority of them rdere inferior

to the parental strains.

ilale (1978) reported the use of 200 UB/ml streptomycin resistant

mutanÈs to study the effect of inoculation methods on nodulat.ion and

yield of white clover in problem soil containing a large naturalized

population of rhizobia. It was found that when inoculation rtas done

by the slurrying method, less than 307. of the nodules formed aE 6 weeks

contained the inoculum sËrain. When either a liquid peat inoculum was

incorporated in the soils prior to sowing or granules of the strepto-

mycin resisLanË strain were sown together with seed, then there \^7as a

significant increase in the number of nodules containing the antibiotic

resistant strain, In each of the soils tested there rùas an increase in

dry matter production and B0 to 90% of tire nodules contained the strep-
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tomycin resisLant strain. Persistance studies showed a reduction in

the number of the streptomycin resistance rhizobia in the soÍl. This

reduction in sËreptomycin resistance rhizobia is consistent with other

workers (Dudman and Brockwell 1968, Brockwell et aI L972, Brockwell et

aL 1977).

Jones and Hardarson (L979) used mutants of Rhizobium trífotii

resístant to streptomycin and spectinomycin to study variations between

varÍeties of white clover Gg¿rg.Ugu repens L.) in their selection or

preference for rhizobial strains in nodulation. Significant differences

between varieties was found. Significant correlations vtere found

between the preference for rhizobial strains of plants grorrrn from seeds

and of sLolon lines vegetatively propagated from the former p1ant,

indicating that the preference for rhizobial strains is genetically

controlled by the host.

Hardarson and Jones (1979) used antibiotic rèsistant mutants of

Rhizobii-rn trifolii to sEudy the effecË of temperature and soil type on

Ëhe relative success in nodulating cultivars of rvhite clover (Trifoliun

repens). In aseptic test tube culture, no significant difference tr{as

found between the two mutant strains at lower temperatures but tempera-

ture x Rhizobium strain interaction !ùas highly significant. rn soíl,

success in nodulation could be altered by temperature and the temperature

x bacterial strain interaction was significanË. The bacterial strain

x variety x temperature was also highly significant.

Hale (1978) suggested that when using antibiotic resistance markers

in ecological studies involving Rhizobiurn it should be borne in mind thaË

resistance can be carried on a plasmid and may be transferred to other

bacterial species, Hoivever, he commenLed further thaË in the soil
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environments used for this type

unlikely that Lhere will be any

resistance and consequently the

t.o other bacteria is remote,

of ecological investigation it is

selection pressure for antibiotic

likelihood of transfer of resistance

Low Intrinsic Antibiotic Resistance

The previous two technigues of Rhizobium identification have been

widely accepted. However, they have sorne advanËages and disadvantages.

Serological techniques can be very sensitive (Means et al 1964,

Krishinevsky and Bar-Josepth 1978) and have been used to monitor the

success of introduced strains (Read 1953, Dudm¿n and Brockwell 1968),

and to demonstrate that natural populations of rhízobía may be hetero-

geneous (Hughes and Vincent L942, Purchase and Vincent L949, Purchase

et a1 1951). However, the use of serology is restrict.ed by the liurited

number of serotypes of Rhizobium which are found and by the fact that

the raising of strain specific antiserum is time consuming.

The other main identification techniques involve high level anti-

biotic resistance markers. This has the advantage of ease of isolation

and recognition of inoculant strains from nodules and also from soi1.

However, such genetic markers may alter symbiotic ability compared with

the wild type (Schwinghamer Lg67, Zelazna-Kowalska Lg7L, Pankhurst

1977 , Jones and Bromfield 1978). This Lechnique also gives little infor-

mation concerning the indígenous population of Rhizobium apart from the

percentage of nodules which are noË formed by the inoculant strain.

Therefore, it is necessary to have a simple technique that can be

used to identify the Rhizobium quickly and withouL alteríng its symbiotic

ability. This is why the technique of sLrain identification using
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intrinsic antibiotic resistance has been developed (Josey et aI 1979).

The use of low leve1s of antibiotic to distinguish the Rhizobium

has previously been reported by many workers. Pinto et al (L974) used

natural resistance to kanamycin at 2 mg/I and streptomycin at 1,5 urg/l

to distinguish strains of Rhizobiug me1ilotL. Graham (1963b) studíed

the sensitivities of many Rhizobium spp. to nine different antibiotics

namely streptomycin, neomycin, aureomycin, chloramphenicin, terramycin,

bacitracin, ledermycin, erythromycin, and sodium benzyl penicillin

(penicillin G), each at three low concentrations (0.1, 4.0, and 5.0 Vg/

sensitivity disk). He showed that strains of several species of

Rhizobium had varying resistances to these low concentrations of a range

of antibiotics. l"lahler and Bezdicek (1978) showed that isolates from

a natural population of Rhizobium leÊuminosarum exhibited variation in

their response to quite high concentrations of eight antibiotics.

Josey et al (1979) used the variation in intrinsic resistances to

1ow 1evels of eight antibiotícs as an identifying characLeristic for

26 Rhizobium lezuminosarum strains. They found that the pattern of

antibiotic resistance of each strain was a stable property by which

Rhizobium isolated from root nodules of inoculated Pisum sativum could

be recognized. The antibiotic test for strain identífication with

Rhizobium leguminosarum rùere also applied to Rhizobium phaseoli. It

vJas necessary to include reference cultures in tests with this species,

as the test most suitable for the Rhizobiu¡n leguminosarum strains showed

some variability with Rhizobium phaseolj. Benon and Josey (1980) used

two strains of Rhizobium phaseolå, one of which (strain 1234) was resis-

tant to a high leve1 of streptomycin, to inoculate plots of French beans

(!ha"".þq vulgaris). Bacteria were isolated from nodules and typed
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usins their intrinsic resistance to levels of seven antibiotics. The

inoculant strains were found to be a minoritv of Ísolates from inoculated

plots. The high level streptomycin resistance character \,Jas used in the

case of strain L234 to confirm the accuracy of identification. The

resident population of Rhizobium phaseoli was shown to be heterogeneous;

54 dLf.f.erent resistance patterns were recorded. Isolates having the

same inlrinsic resistance pattern, with few exceptions, were uniform in

their reaction with anti-serum raised asainsL one of the inoculant strains

and in their colony morphology.



74

MANUSCRIPT I

COUNTING Cicet Rhizobiuq USING A PIANT INFECTION TECHNIQUE
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ABSTRACT

A technique for obtaíning a chickpea plantlet growing Ín a test tube

has been developed. This is done by surface sterilizíng chickpea seeds

v/ith 0.2%HgCL2 for 3 minutes, washed thoroughly eight to 10 times with

sterilized tap vrater and then germinated in sterÍlized plain agar for

3 days in the dark. The cotyledons of the germinating seedlÍng are

cut off and the seedling sown in 25 x 200 mm test tubes containing either

sand or a sand vermiculite mixture. The plantlet can be used ¡a'l írlr1 rz

as a'trap hosËrfor countíng the number of specific Cicer Rhizobium in

boLh sterilized and non-sterilized conditions. The value of such a

plantlet as a 'trap hostr for studying Cicer Rhizobium ecology, straín

authentication and inoculum quality control has been demonstrated.
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INTRODUCTION

One of Ëhe causes of poor nodur-ation of chickpea (!ig_er. arietinrg
L.) in farmersr fields may be that the soil contains too few of the very

specific Rhizobiuru strains that can nodulate chickpea. There is no truly
selective medium for Rhizobiuur which distinguishes it from other soil
bacteria, or which differentiates betr,¡een Rhizobium strains which nodu-

late different grouPs of legumes. No selectíve medium has been selec-

tive enough to use in counting Rhizobium although Rhizobium strains
selected for high levels of antibiotic resistance can be counted directly
from soil suspension by prating on agar containing the antibiotics
(Graham L969, Nutm¡n rgl3, pattison and skinner rg74), other soil bac-

teria being inhibited by rhe antibiotic.

I^Iilson (L926) developed a method for estimating the Rhizobium

population in a sample on the nodulation pattern of plants grown in con-

ditions inoculated by seriar dilutions of the sampre. such a test has

been widely used and modified (Tuzimura and watanabe L96La, Date and

vincent 1962, Brockwell 1963a, Ham and Frederick Lg66, Thompson and

Vincent 1967, Weaver and Frederick Ig72).

There are several tables available which estirÉte numbers from fre-
quency of positives in a dilution series. Date and Vincent (1962) used

Fisher and Yates tables which provide a means of calculating an estimate

and its fiducial linits. Brockwell (1963a) and Brockwell er al. (Lg75)

based the estimates on a modified version of Lorenzrs table (Lorenz

1941) rvhich provide an estimate of MpN (most probable number).



77

The test plants are usually grown Ín test tubes closed with cotton-

wool plugs. The media may be agar, sand:vermiculite or sand alone.

Small-seeded species grol¡7 best in tubes and pose no problem. Where

Rhizobium which nodulaËe Iarge seeded legumes are being investigated,

such a legume may be substituted by a symbiotically-related species

which has smal1 seeds and can be handled in test tube plant infection

tests, e.B. siratro (Macroptilium atropurpureum) for counting the cowpea

group of Rhizobium. Wild soybeans (Glycine ussuriensis Regel and Maack)

have been used for counting populaLions of Rhizobium japonicum (Brockwell

et al.1975). Rhizobium nodulating soybean can also be counted by an

MPN method using soybean plants grown in growth pouches (I"Ieaver and

Frederick L972).

Even though chickpea Rhizobium was classified as Rhizobium

leguminosarum Frank (Fred et a1" L932), it is very specific for Cicer

spp. and may nodulate Sesbania ineffectively (Gaur and Sen 1979), although

Rhizobium normally nodulating Sesbania spp. do noL nodulate chickpea.

Chickpeas (_çiggf arietinum L.) is a larger seeded legume without a suit-

able alternative host for the plant infection counting method. Prelimi-

nary experiments showed that chickpea does not nodulate normally when

groTdn in Lest tubes. We report a method of counting chickpea Rhizobium

in pure and contaminated material-s using chickpea plants which are

dwarfed by excising their cotyledons.

]"IATERIALS AND I"IETHODS

Culture of Chickpea in Test Tubes

Chickpea seeds of cv, B5O-3127 (unless otherwise specified) were
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surface sterilized with 0.2% HgcL2 Íor 3 minutes and then washed

thoroughly eight to 10 times irith sterilized taD r^raf er - The seeds were

then placed in 1.2% steríLízed plain agar (South Sea Chemical Limited.

131, Hyderguda, Hyderabad 500 029, rndia) in petri dishes, 30 seeds per

petri dish (9 cm in diameter) and kept in the dark for 3 days at 28oc.

The whole cotyledons of the germinating seedling were then aseptically

excised using scalpel and forceps. The excised seedling was trans-

ferred immediately into 2,5 x 20 cm tubes (one seedling/tube) containing

either 20 ml washed coarse sand or a 1:1 mixture of sand and vermiculite

(V/V) moistened with 9 nL L/4 strength N-free solution (Readings N-free

nutrient or modified long Ashton solution, see Appendix l). The plants

were then placed in wooden racks for 3 to 4 days in the light chamber.

The light chamber had been designed for growing the plants in a room

where the temperature inside the test tubes is prevent.ed from rising

above 30oC" The test tubes are laterally illr:minated by fluorescent

1íghts aË 40 watts/m2 (Figure 1).

Inoculation Procedure

Rhizobium cultures nere gror{n ín yeast extract mannitol broth

(Vincent f970) in 250 ml conical flasks shaken with rotary action for

5 to 10 days. A required amount of broth was pipetted out and. added to

an aPproPriate amount of sterilízed tap water blanks to make two- forrr-

or ten-fold dilution. A dilution series was made up to the leveI where

no Rhizobir¡m ltas expected to be 1eft. The plants were inoculated with

I n1 of the last six dilutions in the series. The number of replicate

tubes per dilution varied from three to 12 depending on the experimenË.

Uninoculated controls were also kept. The tubes were placed in the light

chamber and watered 3 to 4 weeks later with 3 to 4 ml of sterilízed L/4
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Figure 1. The light chamber used in the studies.

The light chamber consists of 64 nos. of 5 ft
(80 watts) fluorescent tube lights divided into
4 groups of 16 lights each. Each group of 16
lights is fitted on slotted angle trays which
are suspended on pulleys to facÍlitate up and
down movenent so that the wooden blocks holding
the test tubes can be puÈ in position or re-
moved. The sLarters for the fLuorescent lighËs
on the frame holding Ëhe tubes, the ballasts are
outside the room" The tubes are cooled by
blowíng conditioned air from the walL AC
unit,s over thern by two fans. The lights are
controlled manually by 4 on-off switches (one
for each rack) beside automatic control by a
thermostat and a tímer. The timer switches
on the light at 4130 p.rn. and off at B:30 a.m.
The thermostat further switches the lisht off
when the temperature reaches 30oC and ãwitches
Ëhem on at the temperature below 30oC.
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strength N-free nutrient solutio. npr rrrho tho ¿¡s¡nt depending on the

growth conditions and plant síze. The plants did not require further

watering until harvest 6 weeks after inoculation.

The recovery of chíckpea Rhizobiumfrom unsterilized soil was tested

as follows: Five-day-old broth culLures of Rhizobium strain 9036 and

IC-59 were used to ínoculate two vertisol soíIs (1 rnl per 100 g soil).

The inoculated soil was thoroughly mixed in a plastic bag to ensure

adequate dispersal of the Rhizobium. The broth r,ras counted by plates

and the plant infection method before adding to the soils. A planË

infection dilution count of inoculated and uninoculated soil was done

4 hours after inoculation. This was done by weíghing 20 g of the soil,

added to 180 ml blank and shaken on a wrist shaker for 15 minutes. This

was considered as 101 dilution. A serially ten-fold dilution series was

made up to the level where no Rhizobir¡m is expected to be left by adding

1 mI of the suspension to 9 ml blanks. The plants were inoculated with

1 ml of the last six dilutions in the series. The number of replicate

tubes per dilution was three.

For peaË inoculum RhlZoþlqtr counting, 10 g of the peat inoculum were

weighed, put in 90 ml blank, shaken on a wrist shaker for 15 minutes

This was considered as 101 dilution. A seriallv ten-fold dilution

series was made up to the 1evel where no Rhizobium is expected to be

left as mentioned above" Plant count and plate count were made to

determine the number of chickpea Rhizobium per s peat

Plate CounLs

Three successive

plates per dilution.

suitable dilutions were

0.1 ml aliquots of each

plated with three replicate

dilution series were
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spread using a glass rod over 30 ml congo red mannitol agar (cRl.rA)

9 cm diameter petri dishes. The pl-ates were incubated at 28oc for

10 days before counting the colonies. The dÍlutions that had the

Rhizobíum ranging from 30 to 300 were used to calculaLe the number

Rhizobíum in the original sample.

ln

6to

of

Calculation of the Most Probable Number and Theoretíca1 Positive Tubes

Plants were harvested 6 weeks after inoculation and scored for

nodulation. The total number of positive and negative tubes were then

used to calculate the estimates of the number of rhizobia using Table

vrrr-z of Fisher and Yates (1963). Theoretical positive tubes, based

on the plate count were arso calculated using the formula given in

Fisher and Yates (1963).

RESULTS

The experiment on coËyledon excision was carried out. Different

proportions of cotyledons of germinating seedlings were excised, i.e.

one, one and one-half and two cotyledons removed. The whole inLact seed

treatment was also added as the control treatment. The results are

shown in Table 1. As the amount of cotyledon removed increased, the

accuracy of the plant count also increased. The whole seed and hatf

seed treatment gave significantly lor^¡er counts than the plate counts,

However, the removal of one and one-half and two cotyledons result.ed in

greater accuracy in counting. The MPN of the planL and plate count

agree well when tt.e 95% confidence limits are calculated. The whole

seed and half seed treatments resulted in fast and vigorous growth.

The plants grew and coíIed in the tubes and tried to push out through

the cotton plug. The whole seed and half seed treatments required
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TABLE 1. Effect of
on the counts of
sand : vermicul ite

proportions of cotyledon removal
Rhizobium strain IC-2046a in 2:1

different
chickpea
medium.

Treatmentsb Log 10 Rhizobium
per mI broth

(plate count)

Total positive
tubes/total

tubes

Log 10 MPN
per ml brothc

1S

4õ

Zs

OS

9 .55

9"58

9 "53

9.48

6/36

TB/36

30/36

3L/zo

7 "24

9.26

9.43

"Grorn in yeast extract mannitol broth for 10 days,
diluted. Dilution 105-1010 ruru used to inoculare

bls = whole seed inËact; |S = 1 cotyledon removed;
cotyledons removed; 0S = 2 cotyledons removed.

csix dilurion sreps (fO5-t010) and 6 replicare rubes
tion were used in the plant counts. The fact.or for
dence interval on the MPN is + 0.47"

ten- fold
the plants.
,45 = IZ

per dilu-
Y ) /" COrLïL'
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frequent waËering during the 6 week growing period. They were given 5

and 3 nl of 1/4 strength N-free solution respecLively at 3 weeks after

inoculation. They were also given 3 ml/tube 10 days later. The one and

one-half and two cotyledons removal treatments \^rere given only 3 ml of

the solution per tube at 3 weeks after ínoculation during its 6 week

growing period"

Rooting Medirmr and Harvest Date

Iùashed sand and sand plus washed vermiculite in two dífferent pro-

portions were tested for their suitability as the rooting medium for

plants grorÌn in the test tube. Table 2 shows that all three media gave

good prant growth and reliable MPN counts" The time taken to form

nodules was ex¡mined for the rooting media, 1:1 sand:washed vermiculite

and washed coarsed sand, with harvests 3, 4, 5 and 6 rveeks after inocula-

tion of the tubes, Table 3 shows that washed sand gave reliable counrs

4 weeks after inoculaËion but nodulation in sand:vermiculite (l:1) vras

delayed. Secondary roots developed faster in sand than sand:vermiculite

and may be related to the earlier nodulaËion. The other advantage of

sand, to sand:vermiculiLe, is that it is easier to wash. This speeds

up nodulaLion assessment. Nodules can also be seen from outside (Figure

2)" Therefore, sand was chosen for use in further studies. An experi-

menË \las previously set. up to compare agar medirun, sand:unwashed vermi-

culiËe (1:1), and sand:washed vermiculite (1:1). The results show that

agar uediunn and sand:unwashed vermiculite (1:1) were not suitable for

using in MPN counts of chickpea Rhizobium (see Appendix 2). In agar

medium it was also found that 50 out of. 72 seedling tu'bes were fungus

contaminated. Secondary root formation was also poor in this treatment,

Therefore, iË was not included in further sLudies. The temÞerature in
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TABLE 2. Effect of root medium on estimation of chickpea Rhizobium
numbers in broth cultures (strain rc-lzB and rc-2046) by th.
plant-infection dilution method.

Mediu¡n

Rhizobium population (1og 10)

IC-128 rc-2046

Plate counË Plant counta plate count plant countb

tr^Iashed sand 9. 68

1:1 Sand:VermiculiËe 9"64

2:l Sand:Vermiculite g "6L

9 "43

9.63

o c/,

e.44

9. 51

I "49

9 .63

9.63

9.09

"'osi* dilution steps (ro5-1010) and six replicate tubes r,jere used in Ëheplant counts. The facÈor for the 95% conf.ídence interval on the MpNis + 0.47.
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TABLE 3. The effect
Rhizobir:m scrain

of harvest rlEe on Lire reliabilíty of counting chickpea
IC-1284 by a plant infecri-on-dituiion merhod,

Rooting medium

Sand :v¡ashed veroiculf te Washed sandTime after
inocul aÈ f on Total + eubes/ Log 10, plate

Èotal Lubes ìpñ/rlb count
Toral *tubes/ Log l0 plaÈe
toLal tubes MPN/nlc count

3 weeks

4 r¿eeke

5 weeks

6 ceeks

)/ Jb

23/36

2B/36

3L/36

5.08

B. OB

8.94

9.34

9,48

9 .48

9.48

9.48

LIIJO

30/36

J+/ JO

JJI 50

1 11

O JA

o o/,

9.84

9 .64

9.64

9.64

9.64

"à 7 day o1d broth culture.
b'"si* dilutíon steps (105-1610) and 6 replicaLe rubes çrere used in the planLcounLs. The fåcLôr for the 95% conf.j_dence inËerval on the MpN is + 0.47.
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the light chamber during the time this experiment was conducted was

frequenËly found to be above 30oC. This rnight be the reason for poor

MPN counts than in plate counLs. Table 4 shows that the MPN count díffers

with the cultivars used as Lhe trap host. Using a ten-fold dilution

series of a broth culture of strain IC-128, cultivars B5O-3/27, JG-62,

BEG-482 and Annegiri gave the count up to 109 cells/ml broth, agreeing

well with the plate counts when 95% confidence limits are taken into

consideration. However, MPN counts for the varieties G-130 and Rabat

did not agree wel-1 with Ëhe plate count. Rabat, a Kabuli cultivar, does

not nodulate well in tesË tube cultures and is also poorly nodulated in

the field at the ICRISAT centre" BEG-482. a desi cultivar also forms

few nodules in the field but nodulated freely in the test tube. However,

the consistency of repeatability of the nodulation pattern for a dilution

series is poor with only 10 and eighL out of 12 positive tubes at 105

and l-06 dilutions.

Accuracy of the Plant Infectíon Countg

BroEh cultures of strain 9036 were diluted serially (ten-, four-

and two-fold) and these dilutions used to ínoculate chickpea planËs in

tubes. Tabl-e 5 shows that in the ten-fold dilution series, the theore-

tícal and observed number of positive tubes agreed reasonably wel1,

excepË at 108 dilution. This discrepancy \^tas caused by one tube noË

receiving enough \¡laLer and the plant dying. In the four-fold dilution

series, theoretical and observed positive tubes agreed well until the

dilution 46 and 47 when the observed posiËive tubes were less than Ëhe

number of positive tubes expected. Tn the two-fold dilution series, the

theoretical and observed positive tubes agreed well until the calculated
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TABLE 4. The effect of chickpea cultivars on the pattern of nodulation
after inoculation from a dilution series of broth cultured chickpea
Rhizobiuur strain TC-7284 and the calculated most probable number of
rhizobia.

Dilution level

105 106 L07 108 109 101 0

No. of Rhizoblu¡n/rnl (plate count)

50, 000 5, oo0 500 50 + 3.06 0.5

No. of tubes tested

Theoretical * tubes

11.9

Cultivar Observed * tubes },PNb

T2I2L2L2L2I2

T2t2l2L2

850-3 / 27

c-130

JG-62

BEG-482

RASAT

Annegiri

L2

9

T2

10

7

T2

L2

9

L2

8

7

10

L2

11

L2

T2

6

L2

L2

10

t2

L2

6

L2

T2

9

L2

11

6

L2

7

6

3

9

3

6

8.67 x 109

5.90 x 1OB

3.37 x 109

2.7t x LO9

I.44 x LO7

4.23 x I09

âGrown in yeast extract mannitol broth for 10 days, ten-fo1d
diluted. Dilutions 106, !07 and 108 were plated; the numbers
were extrapolated fron 108 dilution.

1-
"Six dilrrtion sreps (105-fg10¡ and 12 replicare rubes/dilurion
were used in the plant gounts. The factor for the 95% confidence
interval on Ëhe MPN is : L.47.
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TABLE .5. Relationship beteeen observed and theoretical* positive plant tube numbers
for a ten-, four- and tv¡o-fo1d dilution series of chickpea Rhizobium strain 9036.
Apprcpriate dilutions were plaEed and inoculated to the plants.

Ten- fold DiIuEion leve I

diluÈion series 105 106 107 t08 I09 lO10 t01l 1012

Plate count 32,000 3,200 320 32 + 3.7 3.2 O.3Z 0.032 0.0032

Theoretical *
tube LZ LZ 12 IZ 11.55 3.36 0. 35 O

Observed * Èube LZ 12 72 lI 12 3 0 0

DilutÍon Ievel
Four- fold

diluEion series 40 41 4? 43 44 45 46 47

Plate count 3,L41 784 t97 + i9 49 L2 3 0.8 0.2

Theorelical #
Èube 12 lZ tZ 12 LZ LI .49 6.54 Z.I3

Observed * tube 12 12 12 L2 lZ 11 6 L

DiluÈion level
Tr,:o- f oId

dilution series ZO 2I ZZ 23 24 25 26 27 28

Plâte count 45O 4- 67 225 I13 56 28 L4 7 3.5 L.7

Theoretical f
tube L2 12 IZ IZ tZ L2 L2 tZ l0

Observed * Eube 12 L2 LZ LZ LZ lZ LZ LZ 7
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number of Rhizobium added per tube was

of Rhizobium in this two-fold dil-ution

less than 3.5. When the number

series was less than two. the

number of observed positive tubes was again less than the theoretical

value.

Counting Rhizobía in Soils and Inoculants

Table 6 shows the recovery of Rhizobiurn after adding broth cultures

to two Vertisol soils v¡ith different background populations of Rhizobium.

The number of Rhizobium per ml broth was 2.15 x 109 and 1.95 x 109 for

strain 9036 and rc-59 respectively. Therefore, the number added per

g soil was 2.75 x L07 f.or strain 9036 and 1.95 x 107 for srrain rc-59.

The IßN from the plant count. agrees well v¡ith the plare count and the

calculated number of rhizobia added/g soil.

Chickpea Rhizobiurn inoculants received from various places were

checked for Rhizobium number using both plate count and plant infection

count in 1978 ar.d 1979. The results are shown in Table 7. The inoculants

produced from ICRISAT and Australia were found to be very pure and the

plate and plant count agreed well. However, the inocul-ants received

from the other Indian instítuËes and companies r.7ere found to be highly

contaminaLed, The numbers of Rhizobium estimat.ed from plate counts were

always higher than plant count. This might be due to the fact that the

colonies counted as Rhizobium $Jere not Rhizobium" It is very difficulË

to disËinguish Rhizobium from other similar bacteria visually.

DTSCUSSION

The resulËs of different proportions of cotyledon excision shorued

that nodulation of chickpeas could be improved by cutting off the coty-

ledons. The excised cotyl-edon plant growth was retarded; this proved
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TA3LE 6. Rhizobia count
nl¡mbers of rhlzobia

in pure cul-tures and
as estimated bv planE

sol1s inoculaced with known
infection dllution technique,

Plant infection dilution-
MPN valuea

Strain Broth plate count Calculated no. of
rhizobia added

/g so1l
Br oth ^ ..1-bo11"

9036

Tn- <a

2.75 x LO9

1.95 x 109

2.75 x

I.95 x

3.80 x I09

1.74 x 109

1.74 x

3.72 x 9.33 x

t07

L07

to7

l07

to7

106

alßN calculated by Flsher and Yates
repl-icate tubes per diluÈion çere
confidence fnterval on the MPN Ís

-Uninoculated soil A contained 8.61
chickpea RhizobÍun/g soll.

(1963). Slx diluÈion steps (102-107¡ ana 3
used in the planE count. The factor for 95%
! 4.79 (Cochran 1950).

chickpea Rhizobirm/g soil and B, I.73 x 103
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TABLE 7. Results of chickpea Rhizobium count l-n peat inoculum received from different
sources in 1978 ar.d, L979. Nu¡i'l¡ers are expressed by Log 10.

Plate count
Pea t. Source ¡4'x/B*

No. of contâ- No. of Deat
mlnating bac- Rhizobir¡m like
teria/g peat 

"ãtã[7fp".r
r97 I

fC 20A2 ICRISAT, India Nll 10.02 g.g4
Nodulaid Agricultural Lab, Nil 9.BZ 9.26

Carlingford Road,
Sefton, N. S.W. ,
Aus Èral ia

Pantnagar Pantnagar Univ. of 8.25 8.32 7.0g
culcure r\grlculture and

Technology, India
Rallis Rallls India Lluired, 9.63 L0.26 3.4O

Nitr:ofix Bangalore, India
Hissar Ìlaryana AgriculEura1 9 .4L 9.35 7.58

culture Unlv", Haryana, India
H-45 Jabalpur, IndÍa 9.56 8.40 5.94
F-75 LARI, Nevr Delhi 8.41 8.44 7.65

L97 9

LC-59 Peat ICRISAT, India
9036 PeaL ICRISAT, India

(1978)

9036 Peat ICRISAT, India Nil
(r97 9 )

r{*45 Jabalpur, India
F-75 (1979) IÂRI, New Delhi
Hissar cul- Élaryana Agric, Univ., 8.84

ture I llaryana, India
Hissar cul- Haryana Agric. liniv., g.7B

ture II Haryana, India
llissar cul- Haryana Àgric. Univ., 9.26

ture III Haryana, India
Nitrobact I NitrobacE Conpany, 7.67

Sangalore, India
Nitrobact II Nitrobact Company, 7.5L

Bangalore, India
¡Iitrobact lII Nitrobace Coopany, 7.BB

Bangalore, India

Ni1

NiI

8. 63

7qo

9 .48 10.26
9 "57 9.94

9.66 9.94

8.03 4.24

9.25 8.58
8 .79 I .24

8"55 8.24

9.01 8.57

8. 56 5.24

8,43 4.94

8.26 4.94

-'The facÈor for 957" confi<ience intervaL for 1978 test i6 + o.44 and for 1979
is * 0.62.
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to be very useful because the plant would not try to push the cotton plug

ouË, and required less vrater. Cotyledons supply the seedling with food

materials and some factors necessary for nodulation. Sucrose, glycine,

thiamine, pyridoxine, nicotinic acid and mesoinositol seem to benefit

nodulation (Raggio et a1. 1959). Howeverr trùe allowed Ëhe seed to ger-

minate in the dark for 3 days and this might be enough time Lo mobilize

the essential factors required for nodulation from the cotyledons to the

growíng seedling. There is no nodulation difference betv¡een one and one-

half and two cotyledon removal. Both treatments gave reliable counts

when compared Ëo plate count. This finding is very useful because not

all of the cotyledons need to be removed provided the leftover cotyledon

is less than one-quarter of the total cotyledons. The improvemenL in

nodulation aft.er cotyledon excision also implies that we might be able

to find a small seeded variety which is promiscuous in nodulation and

nodulates freely ín a test Ëube in the light chamber condítions. At the

ICRISAT Laboratory, pigeonpea (cv. ICP-1) nodulates freely in a test tube

without cotyledon excision. The embryo excision technique could also be

applied to larger seeded legumes like groundnut (see Appendix 3).

The nodule number per plant was found to range from one to seven.

This technique does not seem to be useful in efficiency of Rhizobium

testing. Horvever, it could be useful for strain identification. lüe

adopted this technique for strain identification in our laboraLory.

Many varieËies could be used as the test plantlets. However, iË

has to be borne ín mind that such varieties must be promiscuous in

nodulation and they must noË be susceptible to fungal soil borne dísease

such as Fusarir:m wilt (E"sar.ium o>çysporum f . sp. ciceri),

Either sand or a sand;vermiculite mixture provided a satisfactory
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rooting medium wich nodulation being earlier ín sand cultures. Secondary

roots developed faster ín sand Ehan sand:vermiculite and may be related

to earlier nodulation. Nodulation of excised roots is reported to be

best if the rooËs developed in sand rather than on agar or in liquid

(Bunting and Horrocks 1964, Barrios and Raggio L964, Cartwright L967).

Subterranean cl over G.ifo]ium subterraneum L. cv. Dwalganup) and

serradella (Ornithopus sativus Brot) growing in 15 x 2"5 cm test tubes

containing nutrient sand $rere reported to be successfully used in esti-

mating the number of Rhízobium trifolíi and Rhizobium lupini (Chatel and

Parker I973a, b). Small seeded legumes, i.e. "gengett (Astragalus sinicus

L.), alfalfa (Medicaso sativa L.) and crimson clover (If¿fofigg incarnaLum

L.) were reporËed to be gro\,tn in 1.7 x 17 cm test tubes containing a míx-

ture of sand and vermiculite (30 g sand:5 g vermiculite) moistened with

9 ml of nitrogen free nutrient solution. And this assembly T¡ras success-

fu11y used in the estimat.ion of the number of trgengert Rhizobium, Rhizobium

meliloti and Rhizobiun trifolii (Tuzimura and llatanabe 196la). Small

see ed wÍld soybean (_Gly.cins ussuriensis Regal and Maack) growing in

15 x 2.5 cu tubes containing vermiculite were reported to be inferior

to agar tubes and need a special calculation method (Brockwelf ät at.

L975, Grassia and Brockwell 1978). Thompson and Vincent (L967) reported

that Trifolium subterraneum L. growing in 15 x 2 cm sand test tubes gave

inferior counts of Rhizobium trifolii in pure cultures, however, Ëhe use

of sand sho¡ved (noË statistically significant) towards betEer recovery

from soil. I{e are the first group to use large seeded legumes grown in

tesÈ tubes ín counting Rhizobium populaËion. The 100 seed weight of the

chickpea variety 850-3/27 Ís 25 g.

The excised seedling method of counting gave reproducible resulËs
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which rdere comparable to plate counts of viable rhizobia. only when

the dilution series rdas calculated to contaín less than two cel1s/rol

rqas there a discrePancy between observed and calculated number of posi-

tive tubes. when 95% confidence limits are applied to the MpN, there

Ì.ras no significant differences between plant and plate counts.

The dwarfed seedling meËhod could also be used in counting the

number of Rhizobium in unsËerile soils. I^Ihen a known number of Rhizobium

r'ras added to the soils, the MPN calculated from the plant infectíon dilu-

t'ion technique agreed reasonably well wiËh the plate counL.

The dwarfed seedling method is also useful in counting the. nuFber

of Rhizobium in peat inoculum. rt is very diffícult to distinguish

Rhizobium from other similar bacteria. This is true especially in un-

sterile peat inoculum. Our pure inoculum count using the plate and planË

count agreed well except Nodulaid in 1978 and rc-59 ín L979. rn the

firsË case, plate count gäve higher counts than the p1-ant count but

vice versa in the second case. The counts from unsterile peat inoculum

generally gave lower counts than Ëhe plant count. I^lhen a 95% confidence

interval is applied to MPN, only Pantnagar cultures gave the same count

between pLate and plant count in 1978. The good agreement between plate

and plant counË was found only in three Hissar cultures in L979 "

ft is al-so worth noting the inoculum produced in India contained

a heavy load of contaminants. The load of cont¡mination will not be

accepted by Australian standards, The plate count always resulted in

misleading values where cultures were contaminated. We are the first

laboratory Ëo develop and report a method of counting chickpea rhizobia

by a dilution plant infection technique where the plant is dwarfed by

cutting off the cotyledons. Ir would seem to be suitable for counting in
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most situations likely to be encountered or in ecological studies

CONCLUSION

The techníque of removing cotyledons from a germinating seedling

enabled it to be sro\,7n and nodulated under test tube conditions. One

and one-half and Io*pfut" cotyledon removal nere equally good in terms of

nodulation" The reliability of this technique in counting chickpea

Rhizobigm was shown by the tests using ten-, four- and two-fold dilution

series" I^lhen the number of Rhizobium in the tube was less than two,

there was a discrepancy between the theoretical and observed positive

Ëubes. Hor,rever, it was concluded that this technique is reliable when

95"L confidence lirnit.s had been taken into account. Many chickpea cul-

tivars were found to be suitable for use as 'trap hostst, however,

a highly nodulating cultivar, B5O-3/27, \¡/as chosen due to its nodulating

capacity. Either sand or sand:vermiculite mixture was found to be suit-

able as a rooting media. Sand was chosen for use in further studies due

to its 1ow cost, ease of handling and early nodulation.

The technique was used to count the number of chickpea Rhizobium

in peat inoculum produced in ïndia and Australia. The peat inoculum

produced in India were found to be highly conf:aminated. Plant counts

of Indian peat always gave low numbers of Rhizobium per g peat compared

to the plate count. The value of the plantlet derived from this tech-

nique as a ttrap hostt for studying Cicer Rhizobium ecology, strain

authentication and chickpea inoculum quality control has been demonstraËed
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MANUSCRIPT II

CHTCKPEA Rhizobium POPULATTON sruDy rN soME TNDTAN sori.s
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ABSTRACT

The dwarfed chickpea seedling was used as a ttrap host¡ in the

plant infection dilution count of chickpea Rhizobium in some ecological

studíes. soil storage conditíons, i.e. refrigerator (4oc), room remper-

ature (2BoC), and deep freeze (-7oC) were not statistically different.

The number of Rhizobium increased with Ëime of storage. Two months

storage, in general, did not result in a significant increase in the

number.

The population of chÍckpea Rhizobium in some TCRISAT and Indian

soils \'ras studied during 1978-1980 period. In general, the Alfisol fields

that had no chickpea history !,rere 1ow in Rhizobium, once chickpeas had

been grown in this soil the population of the Rhizobium was high. paddy

fields were found to be low in number of Rhizobium even though chickpeas

\¡)ere grovJn just 2 years ago. The population of the chickpea Rhizobiun

were found to change with depths and growing season. The population of

Rhizobiurn in Parbhani soils (19o N ratitude) ranged from 4.07 x 102 to

9.55 x 104, Gwalior soils (260 N latirude) ranged from 8.9 x 100 ro 8.71

x 103, Hissar soils (29o N latitude) ranged from 2.00 x 102 ro 3.95 x 105

Rhizobium/g soil. Failure to detect a difference in Rhizobium pop-

ulations beLween fields having chickpea and other crops in summer

1980 was thought to be due to sampling technique which tried ro avoid the

rhizosphere. LaLer studies confirmed Èhis belief. Chickpea Rhizobium

population r¡/as highest when soil sauples were taken over the plant and
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decreased with increasing distance from the plant.

The rhizosphere of chickpea, groundnut, pigeonpea, sorghum, and

groundnut were found to be stimulatory or at least they did not inhibit

the growth of chÍckpea Rhizobium in pot expèriments using an Alfisol and

a Vertisol soil. The effect is more pronounced in chickpea Ëhan other

croÞs.
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INTRODUCTION

One of the main problems in studying Rhizobium ecol-ogy in soil is

the lack of suitable methods. The development of the dilution planË

infection technique by l^Iilson (1926) enabled enumeration of the number

of Rhízobium in contaminated backgrounds including natural habitats.

since then this technique has been adopted widely in the study of the

ecology of Rhizobium in soil (chatel and Greenwood 1973, chatel and

Parker L973a, b, Hely eË al. 1957, Nutrnan and Ross 1969, Thompson and

Vincent L967, Tuzimura and ÍIatanabe 1961a, b, c, I962a, b, Tuzimura

et a1 " 1966, I^Ialker and Bror¿n 1935, Iùilson 1930, i931).

Chickpea Rhizobium are very specific and will not nodulate other

host leg"mss (Bhide 1956, Ilabish and Khairi 1968, Joshi LgzO, Raju 1936,

Rasumowskaja L934), except a loose, non-reciprocal kinship with

Sesbanía, which in its t.urn has strong affinity with the cowpea miscellany

(Gaur and sen 1979). chickpea nodulation is very sensitive to high

temPeraËures (DarË et al. 1975a, b, Islam I975). Nodulation and nitrogen

fixation are reduced when the temperature exceeds 3OoC"

We previously described a most probable number (¡,PN) technique for

counting chickpea Rhizobium using trap host plants dwarfed by cutting off

their cotyledons (see Manuscript 1) " This paper examines the distribu-

tion of chickpea Rhizobium in a variety of soils and locations and in the

rhizosphere of some plants. The experiments are divided into four

ñ2rfc i a

i) The effect of storage of soil on the MPN counE of chickpea

Rhizobium;
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ii) su'rve'y of chickpea Rhizobium in a range of soils and

locations and their variation throughout the season;

iii) Rhizosphere effect of different crops on chickpea Rhizobium

populat ion;

iv) Rhizobium distribution after chickpea harvest.

MATERTALS AND METHODS

Effects of Soil Storage on Bh:Lzcb:Lum Survíval

In March 1980, a Vertisol fíeld was sampled in three representative

areas. Three kilograms of soil were obtained from each area. The

first sample v¡as taken from an irrigated chickpea cv. 850-3127,3 days

afLer irrigatíon' The second sample was taken from a plot of irrigated

chickpea cv. Annegiri, 3 days after irrigation. The third sample was

taken from a plot of unirrigated chickpea cv " B5O-3/27. The moisture

- content of the three soils were 20.44, 16.44 and 7 "30%, respectively.

The soils were immedíately taken to the laboratory and each manually

broken into small pieces on a sterile surface, mixed, divided into
three portions and placed in airtight plastic bags. one portion of

each replicate was then stored at roon terq)erature (25 to 32oc),

refrigerator (0 to 4oC) and in a deep freeze (-7 + 3oC). For the samples

stored in the deep freeze, they were mixed thoroughly again and sub-

divided into four different bags. This was to avoid freezing and thawing

of sanples when sequential time samples were taken. Only one bag of each

of the three soils would be drawn and later discarded after processing.

At 0, 2, B and 16 weeks after storage, the chickpea Rhizobium population

in Èhe soil was counted using a soil dilution plant infection technique.
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Twenty grams of soil were added to IB0 ml sterilized tap \dater, shaken

for 15 minutes on a wrist action shaker and a tenfold serial dilution

series made with tap water to the level where zero Rhizobium was expected

(106 or 107) " The last six dilutions were used to inoculate dwarfed

chickpea seedlings in test tubes using I ml per tube and three plant

tubes per dilution. Three replicate samples were taken from each soil

sample at each storage condition at each sampling time. After inocula-

tion, the plant tubes were kept in a light chamber, tubes were illumín-

ated at the intensity of 40 watÈs/*2 pur 16 h day and 8 h dark period.

The temperature was maintained below 30oC using the thermostat control.

The plant tubes rnere \¡/atered with 3 to 4 ml of one-quarter strength

N-free nutrient solutíon (Summerfield et al. L977 , see Appendix 1), 3 to

4 weeks after inoculation, The plants \^rere assessed for nodulation 6

weeks after inoculation" The number of positive and negative tubes were

then used to calculate the MPN using Table VIII? in Fisher and Yates

( 1e63) .

Survey of Chickpea Bh:Lzcb.Lgrn in Different Soils

Five fields at the ICRISAT centre were surveyed during the dry win-

ter season of. 1978-792

a) a paddy field (Fine Mixed Hyperthermic Deep Aquic Ustorthent

? ) where chickpeas had not previously been gro!ùn;

b) the same field where inoculated chickpeas had been grown 2 years

ago;

c) an Alfisol field where chickpeas had not been grown before;

d) the same field where înoculated chickpeas had been grown during

the rainy season of L97B;
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e) a Vertisol field where chickpea had been regularly grovrn.

Soil samples were taken with a Viermeyer metal coring tube 6 cm in dia-

meter, having a slit in its side to aid removal of the core. The tube

was driven down to the desired level by hammer. Cores remained intact

buË there rnas sone mixing in the top 5 cm when the soil sample was dry.

The core was divided into 0 to 5, 5 to 15 and 15 to 30 cm deep samples.

The soils were sealed in new plasËíc bags and sLored at 4oC until Ëhe

tÍme of counting (usually within 1 month of samplirg). Six to 13 samples

vrere analyzed from each field.

The variation in the chickpea Rhizobium population with depth in

the soil and over time during the season was studied for field a), d),

and e) above. Síx to eight samples were taken on March 7 to 19, June

5 to 9, ÀugusË L4 to 21 and December 7 to 15, 1979 and divided into

depths of 0 to 5, 5 to 15, 15 to 30,30 to 60, 60 to 90, and 90 to 120

cm for the Vertisol (field e) and 0 to 5, 5 to 15, 15 ro 30 and 30 to

60 cm for the shallow soils a and d. For the Vertisol field (field e),

soil samples were taken with a 6 cm diameter gidding hydraulÍc coring

machine mounted on the back of a Landrover. Soil samples from the other

fields were taken with a 6 cm diameter Viermever tube driven down the

profile with a hand hammer, Since the core could not be lifted out by

hand, a 30 x 30 cm pit was dug close to the tube to facilitate its remo-

val intacË. The cores were cut into lengths, put in new plastic bags,

sealed and then taken to the laboratory; there the soils were broken into

small pieces using hands when the samples \^rere wet and motar grinding

when the sauples were dry. The materials used in grinding including

hands were s\¡/abbed with 95% ethanol when changing from one sample to

another. The soils were subsampled and stored in a refrigerator aË 4oC
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to avrâit processing. For field a) because of difficulties in taking

soil samples in standing paddy, samples were taken in August using a

T-tube and v¡ere restricted to the top 15 cm. Sampling at the other

Ëimes was the sâme as mentioned previously.

During }4arch and April 1980, 22 fields at rhe ICRISAT cenrre (larirude

17o N) \^rere surveyed for their chickpea Rhizobiurn population. Soil

samples were taken on a line transect. Each field was roughly divided

into three equal areas and one 100 meter line transect laid across each

area. Along each line transect, four soil samples from the 0 to 15

were taken using a Viermeyer tube at 5, 35, 65 and 95 meters. The

samples from each treatment were then bulked making three composite

samples from each fíeld. Care had been taken while sampling not to

the soil sample from the plant rhizosphere. This r¡as to prevent the

rhizosphere effect on the population.

cm depth

soil

take

Duríng the same period, soil samples were received from other loca-

tions in India, i.e. Parbhani (Vertisol soil, latitude l9o N), Gwalior

(Entisol, latitude 260 N) and Hissar (Entisol, latitude 29o N). The

samples were taken by loca1 co-operaLors and sent to ICRISAT by mail,

where they were stored in a refrigerator until processing within 2 months

of initíal sampling.

Rhizosphere Effect on Chickpea Rh izobium Population

The experiment was conducted in a glass house during the rainy

season of 1980 with an Alfisol and a Vertisol soil. After ploughing,the

dry top 15 cm soils were sampled. They were then ground in a mechanical

shredder, sieved through 2 x 2 mm sieve to remove small grits and graveLs

and 4 kg soil placed in an 18 cn dianeter pot. The water holding capa-

city of each pot was determined by watering to excess, allowing to drain
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for 24 hours and then weighing again. The difference in weight between

the wet and dry soil- represented the water holding capacity. For each

soil, there were three replicate Pots sown with I to l-0 seed/pot of

groundnut @qg¡rs- hvposoea 1,. cv. TI4V-2), pearl mil1eË (Eendgqlgg

americanum cv. NHB-3), sorghum G-grgb"* bicolor cv. CSH-6), pigeonpea

(Caianus caÍun cv. ICP-1), chickpea (Cicer arietinum L" cv. 850'3/27),

and a weed free unplanted control treatment. The Alfisol field had no

,previous hístory of chickpea cultivation and a dilution plant infection

count showed that the number of chíckpea Rhizobium Per gram soil was

less than one. Each Alfisol pot was inoculated with Rhizobium strain

9036 at the rate of 1.2L x I07 celIs/pot at sowing by suspending I g

of peat inoculum (2.42 x 109 cells/g peat in 1 liter of tap \^/ater'

shaken vigorously and watering 5 ml of this suspension onto each poL.

The plants r¡iere thinned to three per pot. The pots rùere first Tdatered

to 80% of Èheir water holding capacity aÈ 3 weeks after planting. From

then onward, they were once per week watered to their B0% water holding

capaciÈy. The average water change per week in Ëhe pot of chickpea,

groundnuE, pigeon pea, sorghum, millet and control were found to be 434,

426, 407, 454,426,400 g in the Alfisol soil and 550, 447, 440,390, 443

and 292 g in the Vertisol soil, respectively.

The temperaLure during t.he growing period varied f.rom 25 Lo 30oC

during the day and 23 to 25oC during the night. The plants were

harvested 6 weeks after planting and separated into shoots and roots.

The soil was emptied from a pot into an alcohol sterilized tray and the

roots were then carefully removed. The soil attached to the root was

considered to be the rhizosphere soil- and the rernainder to be bulk soil-.

Nodules rrere carefully removed from the root of chickpea, groundnut and



r06

pigeonpea using a pair of scissors to cut the nodule and part of the

rooË is attached to. For MPN count of chickpea rhizobia using a dilu-

tion plant infection technique, all the roots from a pot were put in a

plasËic bag, 180 ml sterilized tap v/ater added, and shaken in a stomacher

for 5 minutes. This was considered to be the loo dilution. The soíl

suspension was then diluted up to 1010 and 1 m1 from each dilution used

to inoculate a plant in a test tube" Three replicate tubes/dil-ution and

one dilution series per soil or root sample were obtained. Roots were

then separated from the suspension, washed and dried at 70oc. The dry

weight of the rhizosphere soil was determined by putting the suspension

left in the bag and the water used to wash the roots in an alr¡ninum

container on a hot plate and evaporating the bulk of the moisture- wirh

final drying in a 105oc oven for 48 hours before weighing. Forty grams

bulk soil was added to 180 ml sreril-ized tap water (10o aitutíon),

shaken in stomacher for 5 minutes and serially diluted with sterile tap

!,rater up to 1010. Each dilution was inoculated to three plant tubes

(1 rnl/tube). The plants were kept in a light chamber for 6 weeks con-

trolled at 27 to 30oC day temperat.uree 2OoC night temperature. The

plants were harvested and assessed for nodulation. The MPN was calcu-

lated by using the nr:mber of positive and negative tubes (Fisher and

Yates 1963). The 95% confídence limiLs were calculated after Cochran

(1950). The MPN of samples from the roots \¡)ere expressed per gram dry

rhizosphere soil or per gram dry root (see .A,ppendix 11) 
"

Rhizobium Dís tribution in Soil After Chlckpea

The experiment and spread of

crop, Inoculated

was designed to follow the survival

in soil subsequenÈ to halvesting thechickpea Rhizobiuro
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chickpea r.Jas groldn in a paddy soiL, devoid of chickpea rhizobia, with

two irrigation regimes every 7 to 10 days (irrigated 10 times) and

another with an irrigation at sowing and at 45 days after planting. Off-

season chickpea was sown on February 19, 1980. The last irrigation for

the 10 irrigation chickpea was given when the plant was 60 days old

because of the lack of irrigation !ùater. The 10 irrigation soil samples

were taken from chickpea cv. CPS-1 inoculated with Rhizobiurn strain 9036

while Ëhe 2 Lrrígation samples were inoculated 
"ran "at"* 

IC-59.

Chickpeas vrere gro!ün in a single row on 60 cm ridges wiEh five ri-dges/

plot. PLots were 4 m long. Soil samples were taken on }lay 6, 1980.

Samples from 0 to 15 cm depth were taken with a 6 cm diameter Viermeyer

tube at right angles to the ridge at a distance of 0, 15 and 30 cm from

the center of the rídge and 0, 15, 45, 75 and 105 cm along the ridge

after the last plant in the plot. Each sampLe analyzed was a bulk sample

of five samples táken from the same relative position in each of five

ridges/plot. The tube was sLerilized by wiping vrith 957. ethanol every-

time it was moved to another position. Soil samples were taken to the

laboratory, broken into small pieces, stored in a refrigerator and the

MPN of chickpea Rhizoþiu¡¡ deLermined as previously described.

RESIILTS

Effects of Soil Storage on Rhizobium Survival

The effect of soíl storage condit.ions and duration in the MPN

of chickpea Rhizobium are summarized ín the analysis of variance ín

Table 8. Storage temperatures, i.e. room temperat.ure (28oC), 4oC and

-7oC did not have any significant effecÈ on the MPN. Storage duraEion
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TABLE 8. Analysis of variance for I{PN count of Ëhe effect of soil
storage and durations on the MPN count of chickpea Rhizobium.

Source of variation l-l I' S. S. MS F. raËio Level of
s ignificance

b.in Plot

Replicates (R)

Soil Samples (S)

Storage conditions (T)

SXT

Error (1)

ub-P I ot

Duration of storage (D)

SXD

TXD

SXTXD

Error (2)

Total

2

2

2

L6

0.2525

20.6L69

0. B19B

0 
" 
4136

2 "3827

3.L657

L.9 529

1.0933

1.6698

7.t336

39 " 5009

0.t262

r0.3085

0.4099

0. 1034

0. 1489

1. 0552

0 " 3255

0 "1822

0 " 1392

0"1321

0. 85

69.22

2"75

o .69

700

2.46

I. Jö

1 .05

L/"

N. S.

10/

)lo

N. S.

N" S.

J

6

6

L2

54

L07
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had a highly significant effect on the MPN. The number of RhizoÞium

per gram dry soil increased with time. The average logarithmic nr:mber

of Rhizobiu¡n at 0, 2, B and 16 weeks were 5.00,4.89, 5.02 and 5.35.

There !üas no significant difference in Rhizobium number/g dry soil at

the first I weeks of storage. However, the number at L6 weeks of storage

r^ras significantly different from 0, 2 and 4 weeks after sampling. There was

a significant interaction between soil samples and duration of storage

(see Figure 3). Soí1 sample no. 2 showed a reduction in Rhizobium num-

ber at B weeks of storage. However, the number increased again aE L6

weeks of storage. For soil sample number 3, the nr¡uber of Rhizobium per

gram dry soil increased with time, reaching its maximrun number aË 16

weeks of storage. The interaction of soil samples, storage condiLions

and Eime of storage (though not significant) are plotted in Figure 4.

Soil samples 1 and 2 stored at all the three storage conditions, seemed

to be less affected by storage duration. The curves were almost linear.

Soil nunrber 3 behaved strangely. I,rÏhen it was sLored at 4 and 2BoC, the

number of Rhizobium seemed not Ëo be affected with storage duration.

However, when this soil is stored in the deep freeze (-7oC), the number

remained constanË aË the first two samplings and increased tremendously

at B and 16 v¡eeks sampling. The moisture content of the three soils

were 20, 16 and 7% respectively. Rhizobium multiplication in soil number

3 was unlikely to happen especially since the soil_ was kept at -7oC. However,

it has to be borne in mind that this soil sample was taken f¡e6 rha nl rnr

row of an unirrigated chickpea plot" The soil \¡ras very dry and iË was ground

and separaËed ínto three portions each for different storage conditions.

However, for the deep freeze (-7oC) storage, the soils were further

divided into four porËions. This was Ëo avoid freezing and Ëhawing of
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the samples when they were drawn for processing for MPN. One bag of

each sample was drawn each time and discarded after processing. It

might be possible that soil sample ni:nber 3 was not well mixed enough

and the bag sampled from the deep freeze (-7oC) at B and 16 weeks storage

happened to contain dry nodules and Ëhis might result in high Rhizobium

nr¡mber. An alternative explanation for thís phenomenon nay be that

bacteria in dry soil (soil 3) raight not be active (lack of moisture)

and rnay be clinging to the soil particle. Ice formation of the

thin water film around the soiL particle may result in rel-easing more

bacteria from the soil particles. However, in the high noisture content

soil, the bacteria are stil1 active. ![hen ice was formed, some Rhizobium

night be ki11ed and thus resulted in no increase in Rhizobium population.

Another possible explanation is that cold temperature ¡6y kill

some antagonisLic micro-organism resulting in higher Rhizobium counts

in thã dry soil.

Survey of Chickpea Rh:LZsb:LuûÌ in Different Soils

Table 9 summarizes the results of the survey of soils taken during

the dry winter season of L97B/79. Chickpeas are generally grown in

Vertisol soils depending on residual moisture in the soil. They are not

grown in Alfisol soils where the moisture holding capacity is low. In

ICRISAT centre, the À1fisol and Vertisol soils are close together. However,

in the Alfisol soil a nodulation response to inoculation has been found

(Rupela et al. personal comnunication). This means the A1fisol soils

contain very litt1e or virtually no chickpea Rhizobium. Therefore,

uninoculated and inoculated À1fiso1 soils are included in this survey.

Inoculated Alfisol soil (field tdr) which had chickpea during the

1978 rainy season had the highest number of Rhizobir:q" A Vertisol field
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Field

TABLE 9" Chickpea Rhizobiun populations (Log 10 ¡.fi,N/g dry soil) in five
fields aË ICRISAT centre,

Soil depth (cm)
Soil type His tory

u-5 5-15 15-30

Fine Mixed Hyperther-
mic Deep Aquic Ustort-
hent (?)

Fine l4ixed Hyperther-
mic Dssp Aquic Ustort-
hent (?)

AlfisoL

A1 fiso 1

Vertisol

Never gro\¡in
chickpea

Chickpea
gf nr^rn ?

years ago

Never groü7n
chickpea

Chickpea
rüas grovTn
i n nrono-

ding season

Chickpea
several
Limes groT¡7n

0.43 0.32 L.25

1.78 2.47 2 "56

2.L2

4 "87

3.49

r"30

4" ðJ

3.49

0. 63

4 "36

J.J¿

For analysis of variance see Appendix 4.
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(fie1d ler) which chickpea had been grown several times r,qas the second

highest. Paddy field thar had chickpea 2 years ago (field 'br) had

as mâny Rhizobium as an uninoculated AIfisol (field tct). However, it

was unlikel-y that field tct soil contained chickpea Rhizobium. The

Rhizobium detected in this field might have been moved from field rdl

r,¡here chickpeas had been gro\¡rn in the prevíous season. The distance

between Ëhese two plots was only 24 m. In a paddy field where chick-

peas had never been grown, the number of Rhizobi,uro was very low. This

might be naËive {þlzsÞiulq since no chickpeas had been grown in Ëhis field

or a nearby ploË.

There is a significantly different nr:mber of Rhizobium with depth

in field I c! . However, in the other fields there T¡rere no significant

differences in the ni¡mber of Rhizobium within the top 30 cm layer. Field
uat had the lowest nr:mber of Rhizobiun because chickpeas had not grol¡rrì.

in this area before. I{hen t.he data over depths are pooled and analyzed,

there is a significant difference among fields (see Appendix 5). FÍel-ds

that had grown chickpeas previously had higher numbers of Rhizobium,

while those that had no previous chickpea history had low numbers. The

numbers in field tb' were low when compared to the other fields that

previously had chickpeas. This reflects the effect of unfavourable

conditions in paddy soil to maíntain high fopulations in the soíI" Water-

logged condiËions had been previously reported by Vandecaveye (I927) to be

detrimental for Rhizobium leguminosarum. He reported Rhizobium

leguminosarum population in pots of sterile soil were greatly reduced

after 2 weeks flooding. The low nr-rmber of chickpea Rhizobium might be

due to the poor survival under waterlogged conditions during the growing

season. Analysis of variance shows h_igh cv.; this indicates that there
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TABLE 10. Variation in chickpea
soil) over Ëime at different
tet).

Rhizobium population (Log 10 MPN/g dry
soil depths in a Vertisol field (field

TÍme
Depth
(.r) Nov 78

(Harves ted
corn)

l:/tar 79
(Harvested
chickpea)

June 79
(Fa11ow)

AugusË 79
(Fa11ow)

Dec 79
( Standing
chickpea)

0-5

5-15

15-30

30-60

60-90

90-120

3.49 a

3.49 a

3.32 a

4"62 a

5"34 a

J.ö) D

3.81 b

2"53 c

2"13 d

3.78

3"55

3.65

3.28

¿"tJ

2 "L0

3.91 a

4.34 a

3.86 a

3.31 b

3.02 b

3.89 a

3"99 a

3"75 a

3.52 a

2.74 b

2.23 b

d

d

ab

bc

I
e

a-d Means in
s í gnificantly
P _< 0"05.

For analysis

the same column followed by the same letter are not
dÍfferent by Duncants new rnultipl-e range test aË

of variance see Appendix 6"
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TABLE 11. Variation of
dry soil) over time
(fiet¿ odu).

chickpea Rhizobium populaEion
at differenL soil depths in an

(Log 10 l'æN/C
¿\IT]-SOI ÏTEId

Time
Depth

( crn) Jan 79
(Chickpea
in rainy
season)

March 79
( S tanding
groundnuts)

June 79
(Harvested
groundnuts)

Aug 79 Dec 79
(Standing (Standing
pigeonpea) pigeonpea)

0-5

5- 15

15-30

30- 60

4.87

4.83

4 "36

4. 81

¿+. ol

3. 89

3.61

4.48

4.00

3.87

3 .01_

+"tJ

+. )5

4.02

3" 11_

4.52

3. 89

3.96

J.IO

b

D

a

b

a

b

a-c l"leans in
s ignificantly
P -< 0"05.

For analysis

the same column .followed by the same letter are not
different by Duncant s netrt multiple range test at

of variance see AppendLx 7.
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TABLE 12. Variation of chickpea Rhizobium population
soil) over time at different soil depths in a Fine
Deep Aquic Ustorthenr (?) field (fie1d 'a').

(Log 10 ÞIPN/g dry
Mixed llyperthermic

TimeDepth
(cn) Jan 79

(ILarves ted
paddy)

Mar 79
(Harves ted
chickpea)

Jun 79
(Fa1 1 ow)

Aug 79
( Standing

paddy)

Dee 79
( Harves ted

paddy)

0-5

5'15

15-30

30- 60

0"43

0.32

1 
'\

3 "94

4.06

3 "57

3. 0B

2"54 a

2.I9 ab

L"42 b

0.45 c

r.75

L.7 5

2 .87

2.98

0.92

0.82

4

b

b

a-c Means in
F-' aa'.+1.-r!çar!LIJ

For analysis

the same column followed by the same letter are signi-
different by Duncanus netrv multíple range Ëest at p < 0.05.

of variance see Appendix B.



/rttrt n
\ | ¡ LL9

118

4

2

1
I

4

2

1
I

6

4

?

I
t

POPUIATION VARIATION AT THE TOP 15
30 c¡a (FIELD d AND FIELD e) DURING

l¿J (J (-)
Z, 

= 
trJ

=-)
z, É.

-E

J

o
VI

É.
O

lJ-
O

=
ú.(5

L¡J

ã[
¿t
HI

õl
F.J I
HIrl
-t

z,

=c)
(5
O

!!(-5(J
1 trl

=

Oz,-fË

crl (FIELD a),
L979.

( rr rlo

FIGURE 5.



119

Tras a lot of variability within a field (see Appendix 4). It might be

explained that the field was heterogeneous. During the paddy growing

season, not all the area was fully covered with water. The parts that

were not under r^rater, therefore, had a high population but the parts

Ëhat were under \¡tater had a lower population.

The population of Rhizobium through the season r.ras followed in

three soils: a paddy field (field 'a'), an Alfisol (field 'd') and a

vertisol (fíeld 'e') (Tables r0, 11 and 12). rn all rhree fields, num-

bers of Rhizobium declined with depth. For the Vertisol field (field

'.') (Tab1e 10), there was no significant change in the population from

0 to 30 cm when sampled in November 1978 but Ëhe numbers decreased with

depth beyond 30 cm on other occasions. rn most of the cases, except

Ilarch sampling, there \^rere no significanË differences in Rhizobium

number in the top 30 cm soil profile. The numbers were lowest aÈ

90 to 120 crn depth.

I¡Ihen the numbers in the top 30 cm of soil were pooled and analyzed

to see the effect of time on the MPN of Rhizobium, there was a significant

dÍfference between sampling times (see Appendix 9, Figure 5C). The

highest number of rhizobia were presenL in March jusÈ after the chickpea

harvest. The numbers drop down to the same level as the first sampling

in November, which may reflect a surnmer effect where rhizobia might be

killed by the high temperature. There is a slight increase in MpN per

gram dry soil during the rainy season but the number declined to the

same level as the first sampling in the last sampling in December 1979.

The initial population of the inoculated Alfisol soil (tiet¿ 'd')

(Table 11) was not obtained because the technique of counting chickpea

Rhizobium had not been devel-oped. However, if we extrapolate the initial
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Population of this field from the nearby Alfisol plot (field rct) where

chickpea vJas not grown previously. we could see that the number of

Rhizobium lefË after growing the crop \¡ras very high (104 cells/g dry

soil) which úras even higher than in the Vertisol soil (field tet) where

chickpea had been grown many times. There \,ras no significant difference

in MPN between depths in the first sampl-ing in January. However, from

March sampling onward, there were significant differences between depths.

The first top 15 cm had the highest number of Rhizobiun and the lowest

depth had the least count.

I{hen the numbers in the top 30 cm were pooled and analyzed to see

the effect of time on the MPN of the Rhizobiurn, there \Âras a significant

difference in MPN per g dry soil at different sampling times (see Appendix

9, Figure 58). The number is highest in January sampling and lowest in

the last sampl-ing in December. There Tdas a slight drop (not sLatistically

significant) in MPN counL ín the June sampling and this night reflect a

suinmer effect" There is a slight increase (not statistically signifi-

cant) aË the August sampling (rainy season). Groundnut has just been

harvested in June sampling. The land was cropped with pigeonpeas aË

the rainy season sampling (August). The number of the Rhizobium r,¡as

lowest at the last sampling in December L979" pigeonpeas \dere being

harvesLed at this sampling time.

rn the paddy field (field 'au) (Table 12), rhe inirial population

was very low. However, when chickpeas rùere gro\,rn the nr:mber of the

Rhizobium significantly increased. There r.ras no significant difference

in MPN among depths in January and March sampling. However, the June

and December sampling had a significant difference in MPN amorrg the

depths. The numbers declined with depth. When the numbers in the top
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15 cm were pooled and anaLyzed, there was a significant difference in

MPN per g dry soil at different sampling times (see Appendix 7, Figure

5Ð. The nr:mber was lowest in the January sampling (before chickpea

planËing) and highest in the l"farch sampling (after chickpea harvest).

The number declined during the summer (June sampling where the land was

under fa11ow) and further declined in the rainy season (August sampling

where paddy was grown). I^Iaterlogged conditions might have played a

greaL role in this reduction. However, the numbers recovered again; they

became as high as srrrnmer planting but not to the extent. of the ldarch

sampL ing .

Table 13 shows the population ín 22 fields at the ICRISAT centre.

There was a significant difference in MPN between fields. There were

virtually no chickpea rhizobia in the three Alfisol fields RB, RA7 and

Rtrül, where chickpeas had not been grorvn previously. Field RB was only

a ferv hundred meters from a Vertisol containing 103 to 104 Rhizobiuur/g

dry soil. VerËisols had high numbers of chickpea Rhizobíum ranging from

5.6 x 101 to 3.89 x 104 cel-ls/g dry soÍl. The presence of chickpeas

during or just before the time of sampling did not seem to increase the

number of chickpea Rhizobium" The average of chickpea Rhizobium popula-

tion in Vertisol soils having chickpea was 1.38 x 103 cell-s/g dry soil,

cereals (maize or sorghun) 4.90 x 103, inlercrop pigeonpea and cereals

3.16 x 104, fallow 1.54 x 102 and pigeonpea 2.04 x 103. Chickpea is

generally gro\á7n in the Vertisol, that is the reason why the populaËion

per g dry soil does noL differ that much among the field having chickpea

and cereals. It has to be borne in mind that the soil samples were taken

from non-rhizosphere soiI, there it is unlikely that there will be any

rhizosphere effecË in the number. The numbers that we are presenting
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TABLE 13. the nr¡nbere of chickpea Rhizobir¡n ín 22 rcRrsAT fierds
surveyed i¡ srrma¡ l!gQ.

Field Crop history pH
(2 :1
water)

E. C.
(mho/

M.C.
(7.)

Log 10 MPN/g
dry soll

MI

M'-7

M-:10

Ml3

B1

B3

Bt

B7

BW1

BWz

B%

BW¿

BW5

BW.
o

BW7

BwB

c-5

RÂ-?q

B^

D

R.A.-7

m1

8.35

8. 50

8.42

8.22

8.27

8.37

8.50

8.02

8.23

8.03

7.93

7 .93

8.15

8. 23

8.13

8. t7

7. 93

8.03

8.53

7.83

5.67

5. 53

0.05

0. 14

1 .07

o.32

0. 2r

0. 20

0.20

0.31

0. 15

n îc

0.15

o.20

0. 19

0.21

0. 21

0.19

0.15

0. t5

- o.22

n t<

0. 18

0.22

n tq

0. 15

0. 01

0.04

10. 91

L¿"¿4

L2.47

15. 04

r0.96

7 .O3

1r.99

15. 86

9.82

9.61

r0.28

8.03

9.O7

9.32

8.61

9.01

10.05

7 .2L

r0. 84

9 .93

'I ÂÁ

o.1t

26. 50

4.03

?ae

J. O)

I ?<

2 1t,

3"33

3.36

¿L a7

4.4t

4.59

4.30

4.52

2.83

4.r2

L.7 5

2.62

2.44

0

0

0

0. 36

1.04

¿v- tõ

RabÍ sorghr:co

SLanding chickpeas

RabL -aize

Maize and sorghr:m

SÈanding sorgh'm

Ilarvested chickpeas

SËanding pigeonpea

Standing sorghum
and maize

Pigeonpea--"ize inter-
crop (Kharif)

Pigeonpea--"ize inter-
crop (Kharif)

Chickpeas

Chickpeas

Chickpeas

Chickpeas

Chickpeas

FalLow

Fallow

Standing Pigeonpea

Chlckpea

Standíng groundnut

Sorghrm

FaIlov¡

S.E. of mean

c.D. ar 5%

c.v.

For analysis of variance see þpendix 10.
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TABLE 14. Correlation between
moisture content on MPN of
22 ICRISAT fields surveved
(n = 66).

pH, E.C.
chickpea

and soil
Rhizobium in

in summer 1980

pH E. C. 7" r'{..C.

MPN

pH

E" C.

¿ú
o .64^^ U" JI

J

0 "29^
+&

IJ. OJ

0 "2L
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now are the populations that r.vere present before chickpeas were planted.

to the fields. The research reported in the next two sections wil_1

give support to Ëhis comment.

The correlation among pH, E.c., % M.c. and MpN of t]ne 22 fields

are sittûnarized in Tabl-e 14. There is a highly significant coefficíent

of correlation (r = 0.64oo) between MpN and pH, MpN and % lq.c. (r =

0.54**). The correlation between MpN and E.c. is also significant

(r = 0.31*). These correlations were obtained when three Alfisol fields

¡vere included but they did not contain any rhizobia. When the Alfisols

were excluded from the analysis the coefficients of correlation are

-0.13 for MPN and pH, 0.24 .for MPN and E.C. and 0.26* for MpN and "A

M.C. Only the coeffícient of correlation between MPN and 1% M.C. was

significant.

The results of Rhizobir:m population survey in Parbhani (Vertisol,

lattitude 19o N), Gwalior (EntÍsol, latitude 260 N) and Hissar (Entisol,

latitude 29o N) are suinnarized in Tables 15, 16 and 17 respectively. For

Parbhani soils, the number of chickpea Rhizobium range frorn 4.07 x 102

cells/g dry soil in field number 4 where chickpea was last gro$rn B years

ago to 9.55 x 104 in soil number 2 where chickpea had just been grown in

1979-80.

The number of chickpea Rhizobium in the Gwalior soil ranged from

8.9 x 100 to 8.71 x l-03 cells/g dry soir. chickpea has been grown in

this field before. Nodulation of chickpeas gro$rn in these fields was

found to be ranging from 0 to 20 nodul_es/planL.

rn Hissar, soils were taken from different fields as shown in

Table 17. The number of the Rhizoblum ranged from 2.00 x 102 cells/g

dry soil in field number 9 where peas \,ùere being gro\^rn to 3.98 x 105
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TABLE 15. Chickpea Rhizobium nrmbers in parbhani soi1s.

Field
no.

P lece Hlstory pH E,C, Log I0 MpN/
g dry soilx

1 CenLral Farm, Sorghrm LgTg_7g g. lO 0.30 3.g7Marath!)ada, Agric. Univ. Chtãkpeas 1979_BO

Idheat I97B-79 B.0O 0.65 4.98Chickpeas 1979-80

Chickpeas 1977-78 I .gO l.35 3.g7Cotton & Sorghr:rn
frour 1978-80

Chickpeas L97O-72 8. 15 0.62 2.6LCotton-Sorghum &
coÈton were rotated
1a te ¡:

Chickpeas L97O-72 8.00 I.25 3.ZBCorton-Sorghum &
CotÈon r¿ere roÈated
later

2 Sorghro Research
Station, M.A. U,

3 Fa¡¡ner¡s fíeld,
Shandra ViIlage

4 Farmerts field
åKOlA VIllAge

5 Farmer Ês field
Akola Village

957. confidence int_erval on I,ÍFN is f 0,68 (Cochran l95O),
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TABLE L6. Chickpea Rhizobiurn numbers in Gwalior soils,
Madhyapradesh.

Soil Village Nod. /
planta

pH E. C. Loe 10 MPN/
^ l-.. ^^.:1"ó ulJ ùurr

1

L

5

5

6

8

9

10

11

Kulenth

JI

tl

Bhatkhedi

Janasi

Jangipur

Bhagch

T.nh o¡ rh

Karíyawati

Bagwal

Utila

0 (i)

L6-20(2)

0- i0 (2)

0 (2)

ó-s (2)

0(2)

0 (2)

0-6 (4)

7 .60

7 .55

7 .50

B" 10

B .40

7 .65

7 .60

8. 15

7 "60

8.30

8.70

0. 15

0. 15

0. 15

v"¿5

0"1_B

0.15

0.L7

0 "27

0. 1B

0. ls

0. 19

J.5ö

I O/,

3 "94

t"94

2.94

2.25

2 q!!

0.94

2 "27

0.95

L "25

alnformat.ion extracted from Jabalpur
Workshop held in September L979 in
are the number of spots observed in*
95% confidence inËerval on MPN is *

sËaËion report in Rabi Pulse
Hissar. Figures in brackets
the village.
0.68 (Cochran 1950).
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TABLE 17. Chlckpea Rhlzobium numbers Ln Hissar soi1s.

Field
no.

Place His tory pH E.C. Log 10 MPN/_
g dry soil^

1

¿

J

4

5

6

7

8

9

Ìo

HAU, ICRISAT area

,l

fl

tl

IIAU, Microbiol. area

'I

HAU, Agronony Farm

HAU, Microbiol. area

IIAU, Agronou¡z Farm

HAU, Microbiol. area

poor groçrth (c-130)

good growÈh (C-130)

poor growrh (850-3/27)

good growrh (8SO-3127)

sofl for mung bean

Chickpea,

Chickpea,

Chl ckpea,

Chickpea,

Prepared

Pea crop

Fal lo¡.r

Pea crop

Chickpea

Â 1rì n 1ç

7 .90 0.15

8.20 0.15

8. L0 0.15

7 "65 0.19

7 .95 0.19

8.15 0.2I

7.85 0.28

7.70 0.17

7 .70 0.17

3.95

3.60

4"6t

3.28

J.¿O

2.30

5. 60

95% confÍdence interval on MPN is ;f 0.68 (Cochran 1950).
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cells/g dry soil in field nr¡mber 10 where chickpeas were being grown.

The soils examined in overall seemed to have higher chickpea Rhizobium

than at Gwalíor and Parbhani. These fiel-ds are in a general growing

area for chickpea and therefore might be expected to contain a high MPN

count. The soil saraples taken from good (field numbers 2 and 4) and poor

(field numbers 1 and 3) growth chickpea plots did noL show any significant

difference in number of Rhizobium per g dry soil. For exampre, the nrmr-

ber of Rhizobium Ín field number 1 where chickpea cv. G-130 had a poor

growth was 3"89 x 103 cells/g dry soil and field number 2 which had a

good G-130 chickpea growth had 8.91 x 103 cells/g dry soil. The same

thing happened for chickpea cv. 850-3/27 grown in field numbers 3 and 4.

It would seem that facLors other than Rhizobium mrmbers were responsible

for the poor growËh of the chickpea.

Rhizosphere Effect on Chickpea 3h:!sqb:Lum Populatio-n

The effect of root gror,ith on chickpea Rhizobium populations vras

studied in poË culture using an Alfisol and a Vertisol soil. The plants

grew beLter in the Vertisol soil (Tables 18 and 19) because no N ferti-

Lízer was added to millet and sorghr.im. Crops were N deficient. Nodula-

tion of the three legumes, chickpea, pigeonpea and groundnut was good in

both soils. The root weight of the three legumes was similar in both

soils but for sorghum and millet the root weight were much greater in the

Vertisol.

The numbers of chickpea Rhizobiun per g root of chickpea was high-

est and significantly differed from the other crops in Alfisol soil

(Table 20)" The number of RhizoÞium per g chickpea root was 2.34 x 107

cells which was the highesË. The Rhizobiu,m colonized on the root of
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TABLE 18" Top weight, root weight" nodule numbers and nodule weight of
five crops gro\.^rn in pots containing a Vertisol soil (6 weeks ár¿).

crops Top weight RooÉ weight Nodule no. Nodule weight(e/pot) (e/por) (me/potl

Chickpeas

Groundnut

Pigeonpea

òorgnum

3.53 c 0.47 b

5"66 b 0.34 b

3"90 c 0.39 b

6.37 b 2.40 a

l5I a

L73 a

L2L a

L16.67 a

53.33 a

103.33 a

Pearl nillet 8"46 a 1.90 a

a-c I'leans ürithin column followed by same letter are noË significanËly
different by Duncants new multiple range test at p ( o.os.
For analysis of variance, see Appendix 14.
- NoË included in analysis of variance.
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TABLE 19. Top
five crops

weight, rooL
gro\iürL in pots

weight, nodule numbers
containing an Alfisol

and nodule weight of
soil (6 weeks old).

Crop Top weight
( e/pot)

RooË weight
(s /p"t)

Nodule no Nodul-e weight
( e/Pot)

Chickpeas

Groundnut

Pigeonpea

Sorghum

Pearl millet

1"84 b

4.74 a

2"TT b

2.2L b

2.03 b

0. 50

0. 37

0.27

1. 13

0.78

99

IL4

115

140.

76"

193 .

cd

d

d

b

00a

67a

33a

a-d Means vJithin column followed by same letter are
different by Duncanrs new multiple range test at
For analysis of variance, see Appendix 15.
- NoË included in analysis of variance.

not significantly
P < 0,05.
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other crops T,^;ere not significantly different. It ranged from 4.L7 x LO4

cells/g in millet to 4.79 x Lo5 in sorghum. The numbers per g rhizo-

sphere soir followed the same partern being highest in chickpea (3"63

x 105 cells/g) and lowesr in mirler (8.12 x Lo2 cells/g). The nrmber of

Rhizobium in the bulk soil of different crops did not díffer significantly

from the number in the falloio pot. Chickpea rhizosphere had the highest

stimulatory effect which was about 41 times that of the non-rhizosphere

soil-. Groundnut and pigeonpea, the stimulatory effect of Ëhe rhízo-

sphere was about 10 times that of t.he non-rhizosphere soil. Sorghum¡s

rhizosphere sËimulatory effect was five times. Horuever, milret in

Alfisol soil did not show much sËimulatory effect. rts stimulatory

effect was only one time more than the non-rhizosphere soil. This is

considered negligible.

Tn the Vertisol soil, the Rhizobium numbers per g dry root of chickpeas

and groundnuts were highest. and significanËly differed from the other crops,

i.e. 7.26 x 106 and 2.6g x 106 cells/g root for chickpea and groundnur

respectively (Table 20). For the other three crops there r¡ras no sígni-

ficant difference in the MPN nr¡nber. The numbers per g rhizosphere soil

followed the same trend, i.e. chickpea had the highest number (3.98 x t05)

and followed by groundnuË (L.26 x t05) and the MPN for the other three

crops were not significantly different from each other. The number per

g dry non-rhizosphere soil of different crops again did not differ from

each other and from the fallow pots. All the crops had a stimulatory

rhizosphere effect on chickpea Rhizobium. The stimulatory effects \^7ere

89, 59, 6, 12 and 22 times for chickpeas, groundnuËs, pigeonpeas, sorghum

and pearl roillet respectively.
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T.ABLE 20. The number of chickpea rhizobia per gram dry root, rhizosphere, non-rhizosphere
and fa1Io¡.¡ soil of five ICRISATTs mandate crops groe¡n in pote contalning an ÀIfisol
and a vertisol eoil. The nrmbers (except R/NR rsÈio) are expreased as Log 10,

Chickpea Rhizobium (Log 10 ¡æt¡/g)

A1 flsol Ver ti s ol
Crop

Root Rhizosphere Non Rhlzo-
soiL (R) sphere eoil

(NR)

R/NR
Råtio

Root Rhizosphere Non RhÍzo- R/NR
eoil (R) sphere soil RaEio

(NR)

Chicþea

Groundnut

Pigeonpea

Sorgh'-

PearI
millet

FaLlor¡

7.37 a

5.39 b

5.53 b

5.68 b

4.62 b

5.56 a

3.86 b

3.96 b

2.91 b

3.95 a

2.86 a

2.95 a

3.11 a

2.89 a

2.43 a

6.86 a

6.43 a

5.r3 b

). ¿+¿+ D

5.47 b

5.60 a

5.10 a

4.24 b

4.09 b

4.23 b

3.65 a

3.33 a

3.45 a

3,01 a

2.89 a

3.13 a

4T

10

IO

5

I

89

59

6

t2

a1

"'bl'f".rr" within column followed by same letLer are not significantly different by
Duncanrs new multiple range te6Ë.aË P S 0.05.

For Analysis of variance, see Appendices 1l and 12.
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Eh:Lzgb:llg DistribuËion in Soil After Chickpea

The effect of Rhizobium distribution after the end of the growing

season is surnmarized in Table 2L" For the 10 irrigation samples, the

nr¡mber was highest when the sample rüas taken over Ëhe plant (1.3 x to6

cells/g dry soil). I,{hen the sample rüas taken 15 cm side way of the ridge

the numbers of Rhizobium per g dry soil reduced by 10,000-fo1d. At the

botËom of the ridge, the number was about the same as the numbers aE

15 cm from the plant. when samples were taken along the ridges the

Rhizobium population r/üas 10,000-fo1d reduced at 15 crn from the plant and

remained constant up Ëo 75 cm from the plant. At 105 cm from t.he planL,

the soil contained approximately 15 Rhizobiurn per g dry soil.

In the two irrigatíon soil samples, the number of Rhizobium was

lower when compared to the l0 irrigation samples. The population of

Rhizobium r¡hen the soil samples were taken over the plants were 1 .94 x

10'cells/g dry soil. I{hen the sample was taken 15 cm side way across

the ridges, Ëhe population was found to be two cells/g dry soir. The

population !ùas found to be less than one cell/g dry soil at the bot.tom

of the ridges" I¡Ihen Ëhe samples \^7ere taken al-ong the ridge, the number

was three and five cells aË 15 and 45 cm from the plant, respectively.

Ten irrigaËions resulted in better nodulation and better p1-ant

growth than tvJo irrigations. The number of nodules, nodule weight, top

and root weight/planË of these two pl-ots are shoiun in Appendix 16. Poor

nodulation and poor root growÈh mÍght be the reasons for low MPN count

in the two irrigation soil samples" Root nodul-es and colonization on

the root surface are the main source of Rhizobium supply in the rhizo-

sphere as shown in the previous section. Rhízobium movement in the soil

depends on Ëhe frequency of irrigatíons. The chance for the Rhlzoþirnn
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TABLE 21. Rhizobium distribuEion in a paddy soil (Fine Mixed
Hyp"rthãñ'ic neup Aquic Ustorthent) (?) afrer growing a
chickpea crop"

Distance from planË row Log 10 I,['N/C dry soil-

10 Irrigations 2 lrrigations

I Right angles to Ëhe ridge
Over the pLant 6.10 + 0.36 3.29 + 0.00

15 cm away 2"40 + 0.20 O.zL + 0"37

30 cm away (in furrow) 2.09 + O.L7 0.00

II Along the ridge

Over the plant 6. 10 t 0" 36 3 .29 + 0.00

15 cm beyond 2.20 + O.2I 0.54 + O.5O

45 cm beyond 2.64 + 0.35 0.66 + 0.57

75 cn beyond 2"54 + 0.40 N"D"

105 cra beyond 1 . 19 + 0 . 17 N. D.

N.D. = Not determined"
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to be carried away

gated soils.

and persist is greater in the more frequently irri-

DISCUSSION

EffecË of Soil Storage on Rh:Lz.cb:Lgm Survival

The temperature at which soil samples were stored had no sienifi-

cant effect in the MPN count of chickpea Rhizobium. The MPN counË was

affected by storage duration with an interaction bet\,,7een soil sample

origin and duration of storage. The nr:mber of EhlzpÞi"¡n/g soil was found

to increase with time. However, within the first 8 weeks, the number

did not increase significantly. This finding implies that the soil

samples, once collected, need to be processed for MPN count within the

first 2 months. Soí1 storage conditions at 2BoC (room temperature), 4oC

refrigerator did not seem to have much effect on the three soils during

the 16 weeks storage. I{owever, soil storage in a deep f.reeze showed a

peculiar increase in MPN in soil number 3. This was thought Ëo be due

to many factors as mentioned earlier. Wollurn and Miller (L979) reported

that Rhizobium leguminosarum increased in number over original leve1s

after 14 days of storage up to 120 days. The esËimated rhizobial number

rüas generally higher for samples stored at -4oC than comparable samples

stored at 5oC. However, this increase in number is unlikely to explain

what happened to our soil samples since it was not repeatable in the

other two soils. Soil numbers 1 and 2 contained 20 and 16% moisture

content" Ice was formed on the samples. However, no íce formation in

the third sample where the soil sample lnad 7% moisture contenË. It was

unlikely that the Rhizobium could multiply at Ëhe low soil moisture
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conLent. Releasing of Rhizobir:m from the soil parËicles or killing of

anLagonistic micro-organisms or sampling error rnight be the explanation

for Lhis phenomenon.

Survey of Chickpea Eh:Lzsb:Llio in Differenr Soils

The survey of chickpea Rhizobíum populations showed that the num-

bers were high in fields where chickpeas had previously been grown com-

pared with fields where chickpeas had not been grown before, interest-

ingly that some even had no previous chickpea cropping history.

Rhizobium can be spread by wind, water and farm implements. Nutman and

Ross (L969) reported that the presence of Rhízobium trifolii, Rhizobiuc

meliloti and Rhizobium lupini in arable land without a recent history of

legume crops was due to natural agents or farm implements moved from

areas of abundance. Tuzimura and I¡Iatanabe (1961b) reported counting 100

Soybean Rhizobium per g soil in a forest soil.

Walker and Brown (l-935) found that the numbers of Rhizobium meliloti

and Rhizobium trifolii depended upon the previous history. The numbers

were high when the host plants were present in the cropping rotation

system. Nutman and Ross (L969) confirmed that the numbers of Rhizobium

trifolii, Rhizobium leguminosarum, Rhizobium meliloti and Rhizobíum

lupini were high when the fíelds \ùere cropped by the hosts. I{hen the

host plants vJere not grordn, numbers decreased in a few years from 10 or

100rs of 1,000 per g of dry soil t.o very few or none. Tuzimura and

Watanabe (1961b) also reported that the presence of the host crops

resulted in a higher count of Rhizobium ¡neliloti "genge" (AS_qægglgg.

spp.) bacteria (Rhizobium spp.), and Rhizobium Íaponicum. The lower

number of chickpea Rhízobium in a paddy field that had grorvn inoculated
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chickpea, 2 years ago, might be due to the fact that inoculation once had

1ittle effect on Rhizobiuro population (see calculation in Appendix 17).

Subsequent death due to unfavorable conditions, i.e. waterlogged condi-

tions might be detrimental to Rhizobium (Vandecaveye 1927).

The Rhízobium population in the first three depths (0 to 5, 5 ro 15

and 15 to 50 cn) generally showed no significant difference in MPN. How-

ever as the depth increased further the MPN count became lower being

lowest at the 1o¡.vest depth. Irlhen the numbers of Rhizobiun in the top

profile were pooled (0 to 15 crn for the paddy field, 0 to 30 cm for the

Alfisol soil and Vertisol soil) ) seasonar variation could be seen"

r'. fL^ ^-'r4Y field the number of chickpea Rhizobium was low beforerrr Lfrç pésuJ !rE!s LrrE tlulul - _

chickpea planting (January samplirg). However, the number increased

tremendously after the chickpea harvest. The reason for higher numbers

of Rhizobium after the chickpea harvest in March was the samples were

taken in the plant ro!üs. It n'right be expected that the decayed nodules

and roots released the Rhizobir:m and these Rhizobiug would be concentrated

only at the rhizosphere region. If the soils were well mixed the number

would be lower. tr{e could calculate the numbers of Rhizobium released to

the soil based on the finding thaË the Rhizobium content/nodule ranged

from 105 to 107 Rhizobium/nodule (Toomsan unpublished data) and the

Rhizobíuru colonized on the root vras 107 Rhizobir¡n / g root (see section 3) .

chickpeas gro\ùn in this field had approximately three nodules/plant

(Rupela and Toomsan unpublished data). Plant population r¡ras 1.1 x 105

plants/ha. Assuming that t hectare furrow slice (15 crn) weighs 2.5 x

ro6 rg. Therefore, t.he number of Rhizobir¡m added per g soil was found

to be 1.36 x 103 cells/g soil (see Appendix 17). The nr:mbers adhering

Ëo the rooL seemed to be negligÍble when compared to numbers added by
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the nodules. However, it must be borne in mind that not all the roots

could be recovered. Even if all the roots could be recovered the amount

would be negl-igibre. Root rnass needs to be increased by 10 times in

order to supply the same numbers of Rhizobiurn. The nr¡mber at the June

sampling depicted the real population in the soil and the reduction in

numbers from the l"larch sampling may a1-so be due to high soil- temperarures.

The further reduction (not statistically significant) in numbers at the

August sampling where Ëhe paddy plants were being grovrn showed the

detrimental effect of waterlogged condition. However, the soil was

noË uniform; not all the soils were fully covered with water. This

affected the population of Rhizobium being high in non-\¡Taterlogged

patches and Iow in waterlogged patches. The number climbed up to the

same level as the summer sampling when the paddy rvas harvested and the

soil was dry.

rn the vertisol soil, the tendency ís similar to that of a paddy

field, i.e. there vTas a significant increase in MPN at the end of the

growing season (March sampling) compared to the count at the beginning

of the season (November sarnpling). The amount of Rhizobium ad.ded/ g soil

at the 30 cm soil depth was calculated using the nodulation and rooË

weight from Ëhe previous crop (see Appendix 17). The number of

Rhizobium added to the soil was found to be abour 10,000 cells/g. How-

ever, the actual I{PN count was about 4.L6 x 10+ cells/g soil. This mighL

be due to the fact that samples were taken in the planÈ row. A slighË

reduction in the second count in the June sampling (though not staËisti-

cal1y different) rnight:'be due to: 1) the soils were mixed by ploughing

and the Rhizobium were well dispersed, 2) the hot soil temperature

might kil1 some Rhizobium. The reduction in Rhizobium during the hot
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suilrmer months has previously been reported (Chatel and Parker I973b) 
"

The field was under fallow at the August sampling, however, good moisture

and favourable conditions might result in saprophytic cell multiplication

and an increase in numbers. Tuzimura and l¡iatanabe (1961b) reported that
t'genge" (a"gIgelgg sínicus) bacreria GÞ¡gqÞi"r spp.) increased in

number when air dried and partiall-y sterilized soil was rewetted,

showing the ability of Rhizobium ro multiply saprophytically in compe-

tition with other soil micro-organisms,

The summer effect could be seen clearly in the AlfisoL field v¡here

chickpea was not growing at the time of sampling. The number was

slightly lower during the summer months and increased again in the rainy

sea son.

The Rhízobium survey in different fields in the suumer of l9g0

showed that soí1 with no previous chickpea history contained less than

one Rhizobium/g soi1" This was particularly true with the Alfisol soils.

In the Vertisol soils where chickpeas rùere gror\7n) the numbers varied from

5.62 x 101 to 3.89 x 104 cells/g soir. The presence of chickpeas at

Ëhe time of sampling did not affecÈ the numbers of chickpea Rhizobium.

Highly significant coefficiency of correlation between MpN and pH, %

M'C. and E.C. were also observed. Low pH had been known to be detrimen-

ËaI to Rhizobium survival (Richmond L926, trrlilson 1926) and liming had a

beneficial effect on Rhizobium survival (Walker and Brown 1935, Vincent

and trÌaters 1954, Jones 1966, Nutman and Ross 1969, Robson and Loneragan

1970a, b) " Lorv soil moisture content or drought had been known to affect

Rhizobium survival (Fould I97L, Chatel and Parker 1973b). Rhizobium had

been reported to be salt sensitive in broth cultures (Pillai and Sen

1966). However, some Rhizobirm strains rüere reported to be salt tolerant
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(Fred et al. L932, Yadav and vyas L97L, subba Rao et al. L972, Ethirraj

et al. L972) " saliníty tolerances for the host plant, nodulaLion and

symbiosis are lower than those for Ëhe rhizobia themselves (Bernsrein

and Ogata 1966, Subba Rao er al. L972).

The results of the Rhizobiurn population survey in Parbhani showed

that the field that had chickpea B years ago were low in MPN count when

compared to the fields that had just had chickpeas (soil numbers 5 and 6

vs. soil numbers 1, 2 and 3). soil numbers 3 and 5 had high E.c., how-

ever, the Rhizobium numbers were still high. This indicated that the

Rhizobium strains in these two fields were resistant to salinity. The

surveyed Gr''¡alior soil had chickpea previously with varying degrees of

nodulation' The number of Rhizobium per g dry soil varied from nine cells

to 8,710 cells/g dry soil. The number of Rhizobium did not seem ro agree

with the degree of nodulation as reported. rt must be borne in mind

that the soil samples were not taken at the time of nodulation observa-

Lion. The field observed níght not be the same as the ones the soil

sample was taken from. Poor nodulation might be due to the use of poor

nodulating cultivars or some other environmental factors.

The l'fPN of Rhizobiuu from Hissar soils rìras generally higher in m¡m-

bers when compared to the samples from Gwalior and Parbhani. There was

no significant difference in Rhizobiurn number between soil samples taken

from good and poor growth of the chickpea crop. The Rhizobiuro population

was not the reason for this poor growth. However, Rhizobium strains in

these fields might not be effective, or some envirorunental factors \.\iere

playing a greaLer role here.

In the root colonization study the numbers of chickpea Rhizobium

expressed per g dry root, g rhizosphere soil and g non-rhizosphere soil
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Írere significantly higher than most of the crops used in the study except

groundnut in the vertisol soils. All plant species shor¡ed stimulatory

rhizosphere effects on chickpea Rhizobiuro. Exudates from legume and non-

legume root contain a variety of substances which undoubtedly can serve

as a carbon or nitrogen source for the root-nodule bactería, or which

may provide the growth factors required by auxotrophic rhizobia (Rovira

1961). Tuzimura and I^Iatanabe (Lg62b) reported that the growth of
Rhizobium trifolii was stimulated in the rhizosphere of host plants

(ladino clover and crimson clover), non-host leguminous plants (lucerne,

coûlmon vetch, soybean and groundnut) and non-leguminous dicotyledonous

plants (rape and tomato). The number of Rhizobiuru trifolii in the rhLzo-

sphere soil of graminaceous crops (upland rice, wheat and sudan grass)

was lower than in other plant rhizosphere soil. other workers arso

reported the stimui-atory rhizosphere effect on the root nodule bacteria
(Rovira 1961, Tuzimura et al " Lg66). The stimulatory effect of the crops

changed with soil type (Tuzimura et al . J966).

This ability of non-regume to supporË rhizosphere populations of
rhizobia in the absence of leguminous host plants could be of value in
the spread and persistence of rhizobia. This helps explain the survival
of chickpea rhizobia in soils where chickpeas had not been grown for a

long time. DÍatloff (1969) showed that fallowing rhe Rhizobium inocula-

tion of cereals, the rhizobia were sufficiently stimulated in the non-

legr:rne rhizosphere to provid.e adequate nodulation of a subsequenc soy-

bean crop.

The effect of Rhizobium distribution after Ëhe end of the growing

season showed that Rhizobium díd not ruove very far from Ëhe plant especialLy

in the less frequently irrigated plot. The reason for high numbers in
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the 10 irrigation soil samples was because the irrigation increased

nodulaËion and Ëherefore Rhizobiurn number. However, most of the

Rhizobium concentrated only in the vicinity of the tap root where most

nodules were formed. Rhizobium did not move very far especially where

there r{as a lack of soil water. Frequent irrigation resulted in further
Rhízobium movement.

In most cases, chickpeas are grorÌn on residual moisture. Very few

irrigations are applied. Therefore, the chance of Rhizobium spreading

is very rare. Rhizobium have been known to be very slow in spreading

through soil in laboratory (Kelrerman and Fawcett 1907, Frazier and

Fred 1922, Hamdi L97L, 1974) and in rhe field (chatel er al. 1968). The

movement of Lhe Rhizobium depends on r,,7ater t.ension, decrease with
increasing water tension and ceases r¡hen water-fi11ed pores become

discontinuous (Hamdi L971). Vertical movement of Rhizobium depends on

the s.oil particle size and amount of precipitation (Handi Lgl4),

Since Rhizobium do not move very far especially in the place where

little or no irrigation is applied, this might have an impact on a

Rhizobir:m population survey and response Lo seed. inoculation. rn a

Rhizobium population survey, the meLhod of soil sampling is very Ímpor-

ÈanË esPecially when the soils are not ploughed and the crops are stand.-

ing in the fieId. The soil samples should be taken from both the

rhizosphere and non-rhizosphere soil and from many spots. The soil
samples should be ground (or broken inLo small pieces), well mixed and

sub-sampled for soil processing later. Replicate samples from each field
are required to see the variation in each field. The main problem of

our sampling method using the line transect ¡las that we avoided the

rhizosphere sampling' This rnight noE give us the real representative
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sample especially r.Jhen the chickpeas were being gror^rn in the field.

For response of inoculation, the Rhizobium inoculated onto the seed

night not be able to move from the inoculated seed to the surrounding soil

in fields where chickpeas are grown on residual moisture. This night be

particularly true if the seeds are sown and noL covered properly leaving

an air gap between the soil and seed. Rhizobiu¡n cannot move and establish

in the surrounding soil, however, the seed might be able to germinate.

This gives the native population a better chance Lo compete for nodula-

tion sites. Therefore, no response to inoculation may be found. There-

fore, a method of inoculation Lo ensure establishment of inoculated ino-

culum in the surrounding soil is required. The use of liquid inoculation
(schiffman and Alper 1968) and granular inoculation (e.g. Dean and

Clark L977, Brockwell et al " L97B) rnight be useful. Inocularion of the

preceding crop might Prove to be useful in establishing the RhizobÍum

in the problem soil before sowing its host crop (Diatloff L96g),

CONCLUSION

The three soil storage conditions und.er study were found to be not

significantly different" The number of Rhizobir:m increased with time.

The number did not significantly change within the 2 months storage

period. This implies that soil samples could be taken and stored in any

conditions provided that they are processed within 2 months. Rhizobium

population depended on crop history, season and depLh. I^Iaterlogged

conditions in the paddy field were found to be detrimental to chickpea

Rhizobium.

The rhí zosnþg¡g

ni1let were found to

UI

be

chickpea, groundnut, pigeonpea, sorghum and pearl

stimulatory or at least not inhibitory to chick-
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pea Rhizobium. The stimulatiqn was highest in chickpea. Chickpea

Rhizobium did not move very f.ar at the end of the growíng season. Most

of the Rhizobir:m concentrated at Ëhe roots where nodules were formed.

The numbers decreased with increasing distance. This suggesËs that

sampling technique in Rhizobium population study is very importanË.
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MANUSCRIPT III

EFFECT OF STICKERS, INOCULATION }.GTHODS ON CHICI{PEA

Rhizobium SURVfVAI AND CHICKPEA YIELD
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ABSTRACT

The effect of five different stickers on the survival of two

Rhizobium strains inoculated on chickpea seeds was studied using both

plate and plant count methods. Arl t.he stickers under study, i.e. LoT"

jaggery, 1"57. methyl cellulose, 17" guar gum, 57. tapioca and rice starch

were found to be equal in terms of sticking ability and prolonging the

viability of the Rhizobium. sÈorage temperature at 4oc prolonged

Rhizobium survival even after 7 days of storage. However, increasing

storage temPerature to 28 and 33oC had a detrimental effect on Rhizobium

survival and the count r¡as lowest after 7 days of storage. Rhizobiurn

strain IC-59 was found to survive high storage t.emperatures better than

strain 9036"

The effecËs of some stickers and inoculation methods on chickpeas

vere also studied in the field conditions. However, none of the treat-

ments were found to be sËatistically significant from the uninoculated

control in terms of yields and other measured parameters.

, To study the success of inoculation methods, strain 9036 (streptomycin

resistant mutant) was chosen. Isolat.es from three treatments, i.e. unin-

oculated control, conventional inoculation method (slurrying method using

methyl cellulose as a sticker) and llquid inoculat.ion, were identi-

fied usíng low level intrinsic antibiotic resistant patterns and high

levels of concentration of streptomycin (200 rng 1-11 (str 200). At low

competition levels ( one Rhizobium/g dry soil), 98 and 1OO% of iso-
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laÈes from com¡entional and liquíd inoculation method were found to be

str 200 resistant, respectively. The recovery of str 200 resistant

isolates were 36 and 90% in the medium competition level field (10 to

219 Rhizobiurn/g dry soil) and 1 and L27" in the high competiLion level

field (4,370 to 20,800 Rhizobiurn/g dry soil) for the conventional and

liquid inoculation method, respectively. One hundred twelve and 204

discrete groups were found in the medium and high competition level

fields, respectively. Except in one case, isolates from high level

competition field were found Ëo have the same pattern of low intrinsic

antibiotic resistant as the standard control strain (9036).
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INTRODUCTION

The practice of inoculating seed wiLh artificial cultures of. rlni_zo-

bia dates from 1896 (Roughley 1970) " In its earliest form, the rhizobia

were grown on an agar medium, suspended in water and this suspension used

to impregnaËe either the soil directly or inoculate seed. It is possible

to successfully inoculate legume seeds using either agar, freeze dried,

or Peat cultures (Mcleod and Roughley 1961). Peat based inoculuur is now

the mosË widely accepted form. In the conventional slurry inoculation

method peat inoculum is mixed with water which may contain a sËicker and

the slurry is then mixed with the seeds and air-dried to produce a

coating on the seed.

Many materials have been used as_stickers, e.g. 10% sucrose, 407"

gr:m arabic, methyl celIulose, and skimmed rnílk (Date 1970, Davidson and

Reuszer L978, Iswaran and Chhonkar 1971, Roughley 1970, Vincent L910,

I,Iaggoner et al- . L979) ,

Other inoculation methods have been reported as an improvement. of

Ëhe conventional method" This includes lime pelleting (e.g. Brockwell

L962, 1963b, Brockwell and Phillips 1970, Cass-Smith and Goss 1958,

Chhonkar et al . L97L, Norris l97La, b, c, Radcliffe et aL " Lg67,

Roughley et al " 1966, trIade et ar. 1972), liquid inoculation (Brockwell

and Gault L978,3oonkerd et al. 1978, Brockwell et al. lgi9, Brockwell

et 41. 1980, Hale L978, Kapusta and Rouwenhorst L973, Schiffrnan and

Alper 1968), and granuLar inocuLum (Bezdicek eL aL" 1978, Brockwell eË

al. 1978, Dean and Clark L977, Hale 1978, Muldoon eË al" Ig79).
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However, the materials used as the stickers should preferably be

1ocally available and inexpensive. Inoculation methods should also

ensure Rhizobium survival and enhance their competitive ability. This

PaPer investigates the effect of different stickers and inoculation

methods, on competit.ion between chickpea Rhizobium inoculant strains and

Ëhe indigenous soil population, in formíng nodules and on yields of

chickpea. Inoculant. strains were identified usins intrinsic antibiotic

resistance markers.

MATERIAIS AND METHODS

Laboratory Test

The effect of different stickers on survival

lated chickpea seed was studied under laboratory

of Rhizobium on inocu-

conditions.

Rhizobium.

extract m:nnitol

of the broth was

tion in a sealed

incubaËed at 2BoC

Rhizobiuu strains IC-59 and 9036 were groT,{n on yeast

broth (Vincent L970) for 7 days. Thirty milliliters

added aseptically to 40 g peat sterilized by y irradia-

polyethylene package, The inoculated peat packages were

for 2 weeks and Èhen stored aÈ 4oC until use.

stickers. Five stickers were used in this experiment. They were

10% jaggery (1ocally available), 1.5% rnerhyl cellu1ose (Australia), rT.

guar gttln (1ocal1y avail-able), 5% tapioca srarch (Thailand) and rice

starch (by product from rice cookirg).

The stickers \^7ere prepared in concentrations as mentioned. Ten

percenË jaggery \¡ras prepared by dissolving 10 g of jaggery ro 100 ml

deionized water. One point five percent methyl cellulose was prepared



r50

by dissolving 6 g methyl cellulose in 100 rql hot deionized vrater (BgoC),

sËirring gently until dissolved and then 300 ml of cold deionized vrater

added. one percent guar gun vras prepared by adding 1 g guar gr:m to 100

ml boiling \ùater and stirred vigorously to avoid 1umps. Five percent

tapioca starch was made by dissolving 5 g tapioca starch in r00 ml

deionized rvater, heating and stirring until the suspension thickened.

Rice starch was the solution left after cooking rice and removing the

grain.

Inoculation procedure. Four grams of peat inoculum was mixed in

a beaker with 20 m1 sticker, and the suspension used to coat 1 kg of

chickpea seed (cv. 850-3/27). The seeds were air dried for L/2 h,

divided into three groups, packaged and stored at the required tempera-

tures.

storage t.emperatures, After inoculation and air drying at room

temperature, seeds were stored in 4oC (t 2oC), 2BoC (l loC) and 33oC

(l r"c¡.

Counting procedure. The Rhizobium population on the seeds were

counEed at 0, 1, 3 and 7 days after storage. The seeds were drawn from

the package to determine the numbers of chickpea Rhizobiurn surviving on

the seed using both plate count and plant infection dilution technique.

One hundred eighty seeds vTere counËed from each Lreatment,, pu¡ into 1BO

m1 sterilized tap r,rater, shaken for 15 minutes on a urist shaker. This

dilution vas considered as 10o dilution" Ten-fold serial dilutions

were made up to 107. Zero point one nilliLiter aliguots of the dilution

LOz ' 103 and 104 were put inËo CRI"ÍA (congo red yeast extract manniËol
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agar) using the spread plate meËhod. Each dilution was plated in tripli-

cate. The last six dilutions were used to inoculate triplicate plant

tubes/dilution. The plants roere kept in the light chamber (see manu-

scripË 1) " The plates vTere counted after 5 days growth for strain 9036

and 10 days growth for strain IC-59.

The experiments were repeated three tirnes, on lfay 2L to 28, June 3

to 10 and July 1 to B, 1980 and each occasion was considered as a single

replicate in the analysis.

Field Test

The effect of different methods of inoculation was also examined in

fields. Experiments were conducted during the dry winter season of

7979/80 in three fieldse one medium depth, one deep Vertisol field and

a paddy field (Fine Mixed Hyperthermic Deep Aquic usrorthenr ? ). Analy-

sis of soil samples from the top 15 cm showed that the medium depËh

Vertisol field had a pH of 8.35, elecËrical conductivity of 0.L6 mrnhos/cm

and contained 35, 0.5 and L26 ppm available N, p and K respectively (For

methods of determination see Appendix 27). Chickpeas had. not been grown

in thís field for at leasË 10 years. Ammorphos fertilizer (28-28-0) and

zinc sulphate were applied at the rate of 75 and B0 Kg/ha after land

preparation.

Peat inoculants of trvo Rhizobium strains, i.e. rc-59 and 9036

were used in conjunction with six different inocul-ation methods, i.e.

10% jaggery (J), L.5% merhyl cel1ulose (MC), 1% guar gum (GG), 5%

tapioca starch (T), liquid Ínoculum (L) and liroe pellet using 1.5%

rnethyl cellulose as a sticker (LP) and uninoculeted control making 13

treatments laid out in a randomized block design with five replications.
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The preparation of inocula, sticker and inoculation procedure were

carried out as the previous experiment. For liquid inocul_ation, L g

peat containing 1.5 to 2.9 x 109 Rhizobium cells/g was dissol-ved in 1 1

tap water, stírred vigourously and then used at the rate of 3 mL/seed

usíng automatic syringe or pasteure pipeEtes.

3or lime pelleting, the seeds were inoculated \^7ith a suspension of

1.5% rnethyl cellulose and peat inoculum. After thoroughly mixing, the

inoculated seeds were sprinkled with finely ground lime (comrercial

agriculture lime) and mixed until the seeds were uniformlv coated v¡íth

l ime.

The chickpea cv. B5o-3/27 was inoculated at the rate of 20 ml sËicker

solution conËaining 4 g inoculum/Kg seed. The seed was inoculated aË

5 p.rn. in the afternoon, air dried, kept overnight at approximately 25oc

room temPerature and sown the next day. The number of Rhizobirim per

seed were counted using both the plate and MpN plant count. methods.

Thirteen treatments were randomized in five replicates in the field.

seeding was done by hand dibbling, opening a hole in the soiL with a

metal plunger to 7.5 cm depth, the seed dropped in and the hole closed.

Liquid inoculation was done by using an automatic syringe or pasËeur

pipettes to deliver approximately 3 rnl of liquid inoculum over each seed

in the open planting hole. The planting hole was then closed over by

hand" Sowing was done on November 7, 1979.

Plot dimensions were five ridges (3 rn) x 7 mwith one ridge (0.6 m)

between the plots. Each ridge contained two rows 30 cn aparË. The seed.s

were sor,tn 10 cm apart on the ro\¡is. The ridges between the plots were

sor,¡n to uninoculaËed chickpea cultivar L-550 to act as guard ror¡Js.

Plants \^rere sampLed at 6 weeks after planLing for nodulaËion and
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nitrogenase activity det.ermined by an acetylene reducLion assay (Dart

et al , L972). The plants T¡rere removed from a 1 m section at one end

of each plot. Twenty plants sampled v/ere separated into rooLs and shoots.

The shoots were put in bags and oven dried at 70oc to determine dry

weíght and N content" The roots were pooled in 800 mI jam bottles, five
plants/botËle, sealed with a suba-seal and a metal cap. Eighty milli-

1iËers of air hTas evacuated and replaced with the same amount of acety-

lene. The bottle \.nas then incubated for L/2 h in the shade in the field.
The air temperature in the bottle remained within 25 to 2Boc,

The gas samples were analyzed in the laboratory for ethytene production

using flame ionization gas chromatography. (For calculation of u moles

C2H4 production, see Appendix 28.)

AfËer the assay, the roots were placed in plastic bags, brought to

the laboratory to determine the number of nodules and nodule dry weight.

One hundred plants Per treatment were used for acetylene reduction. Fiùe

extra plants/plot hTere lifted, nodules removed and sËore d in 20% (v/v)

aqueous glycerol and kept in a deep f-reeze at -7oC until used for isola-
tion and strain identification using intrinsic genetic markers (1ow

level antibiotic resistances) (Josey et a1 , Lg7g, Benon and Josey r9g0).

The plants \¡7ere again sanpled 10 weeks after planting to determine

nitrogen uptake, selecting 10 representative plants at grain firring
stage. 4L1 plant samples were dried at 70oc in a forced air oven for
48 h before weighing, grinding and the N conLent d.etermined using a
Tecetor block digestion and a Technicon Auto Anaryzer (see Appendix 29).

The plants r,,iere harvested on March 4, 19Bo by cutting at the ground.

1evel and weighing, followed by hand threshing. seed yield was deter-
mined on air dried samples and 100 g seed s¡-ples from each plot were
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ground, sub-sampled and the nitrogen content determined.

A simílar experiment rüas conducted in a deep Vertisol fieLd where

chickpeas had been groT¡rn regularly. soil sampl-es from the top 15 cm

had a þH of 7.8, electrical conductivity of 0.18 mrnhos/cm and contained

34,2.80 and 255 ppn available N, P and K respectiveLy. No fertiLizer

was applied Ëhe year of sowing.

Treatments consÍsted of two Rhizobiuu strains, IC-59 and 9036 used

as sÍngle strain inoculants with three inoculation methods, i.e. converì.-

tional seed inoculation using methyl cellulose as a sticker, liquid

inoculation and an uninoculat.ed control.

The chickpea cultivar 850-3 /27 was used with inoculation and plant-

ing procedures as aboveu except thaË 5 ml of the peat suspension \¡7as

applied per seed in the liquid inoculation method. The five treatmenËs

were randomized in four blocks. sowing was done on November L4, Lg7g"

Plot dimension was five ridges (3 n) x 4 m with one ridge (0.6 rn) between

the plots. Each ridge contained two rows, 30 cm apart vrith l0 cu plant

to plant in the ror^7s. The ridges between the plots were sor¡7n to unino-

cuLated chickpea cultivar 850-3/27 to act as guard. ror{s.

sampl-es were taken from a 1 m section at one end of Ëhe plot, 6

weeks after p1-anËing for nodulation and nitrogenase activity. Five extra

plants per plot were used for nodule sampling for isolation and strain

identification. The plants were sampled again 70 days after sowing for

N-uptake. The plants were harvested on March 7, 1980.

A further experimenL rùas conducted in a paddy field after harvest

of the rice in December. The field was ploughed imrnediately. soil

sarnples were taken just before sowing for counting the population of

chickpea Rhizobir¡n. Soil sampLed from the top 15 cm shorvs that the soÍl



155

had a pH of 7.75, electrical conductivity of 0.23 m mhos/cm and contained

46,16 and 175 ppn of avaÍlable N, P and K respectively.

Rhizobium sËrain 9036 was used in the study with seven inoculation

treatments comparing jaggery, methyl cellurose, guar gurn, tapioca as

stickers and liquid inoculation and pelleting with calcium peroxide

(Ca02) and wiËh an uninoculated control.

Calcium peroxide (Ca02) was tried as a seed pellet since results

indicated (Interox f,nternational) that it increased germination of direct

drilled rice and had enhanced nodulation of soybean. The method of

pelleting \^7as essentially Ëhe same as used previously. Chickpea cul ti-

var CpS-l was used. The Rhizobium populations on the seed following

inoculatiorl \¡iere counted by both plate and plant count methods. The

seven treaLments riere randomized in four blocks. Sowing was done by a

hand dibbling meÈhod on December 26, rg7g" plot dimension was 3 x 7 m

with 0"6 m between the plots, with flat planting and 30 cm distance

between the rows and 10 cm between plant to pIant.

Plants hTere samPLed 6 weeks later for nodulation and nitrogenase

activity. Nodules from six extra plants were sËored in 20% glycerol

at -7oc for isolation and identificaËion of the Rhizobium.

Strain fdentification

Isolates of Rhizobium from nodules of treatments inoculated with

strain 9036 using liquid inoculation, meËhyl cellulose stickers and

uninoculated control were used for identification. Strain 9036 is a

spontaneous str* mutant (resistant to 200 mg 1-1 of streptomycin) of

strain IC-20O2 which nodulates chickpea effectively"

For each plot 40 to 50 nodules were removed from storage, surface
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sterilized by exposure Ëo 0.17. Hgcl, for 30 seconds to 1 minute, washed

10 Ëimes wiËh sterilized tap \,raEer, crushed vrith a glass rod and streaked

with a metal loop on congo red yeasË mannitol agar plates (Vincent 1970).

A single purified colony was used to inoculate an agar slope of YEMA in

a 15 x 150 mm cotLon plugged tube and incubated for 5 to 7 days. Three

inilliliters of sterilized 20% V/V g1-ycerol ¡vas added to Ëhe tube, shaken

by using a Vortex uixer to obtain a bact.erial suspension and this suspen-

sion was used imnediately for finger printing.

Strains were authenticated as chickpea Rhizobium by adding 1 ml of

the suspension to a plantleË from which the cotyledons had been excised,

growing in sand in a test tube (see manuscript l). The plant tube was

kept in a lighË chamber adjusted to a 16 h day and 8 h night, watered at

3 weeks after inoculation and scored for nodulation 6 weeks after inocu-

lation.

Strains were identifièd using Ëheir pattern of resistances to 1ow

levels of 10 antibiotics (TabLe 22). Isolates were also tested for their

resistance to sLreptomycin (200 mg 1-1). The methodology of testing \¡Jas

essenËially the same as for low level intrinsic resisLance, and was done

at the same time using the same suspension of the isolate sËrain as

inocuLum.

Antibiotic plates \,rere prepared by pipetting the required amount of

stock antibiotic solution to 200 mL of YEMA (Appendix 31). The volume added

varied from 10 pl to 600 pl, and was added using a Gibson pipettman.

The flask was hand shaken Ëo mix thoroughly the media and antibiotic.

Thirty millíliters of the media vTas poured into a graduated 50 ml

beaker and Lhen into the plate. The plates were kepr to solidify on the

flat surface. The plates were inoculated with a multiple 25 pin inocu-
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T^BLE 22" Ten antibiot
intrinsic resisËant

ics used in identification
'l er¡e'l nr f inoar nrinf ino

Rhizobium using a low
technique.

Antíbíotic Supplier Final concentration
(ug/ml media)

Carbenicill in

EryËhromycin

Kanamycin sulfate

Nalidixic acid

Neomvcin sulfate

Polyrnyxin B sulfate

Rifarnpicill in

Streptomycin sulfate

Tetracycl in

Vancomycin

Pyopen regd. Beecham
Research Lab, Brentford

Sigma
ll

ll

It

Sigma
tl

tr

Sigma
tl

tt

Sigma
tÍ

It

Ìr

Sigma
tt

n

Sigrr,a
tl

ir

Sigma
It

It

Sigma
tf

Signa
It

tl

1

2.5
5

L "25
2 .50

10

I5

tq

10

20

2"5

10

r5

L.25

2.50
l_0

15

5

10

20

0.25
0.50

2.5

2"5
10

20

0.1
0"5

L.25
2 .50

10
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lator on the same day as pouring (Josey et al . L9l9). stock cultures

grol{n on agar slants for 5 Ëo 7 days (approximately 107 rhízobíafslanË)

were diluted with 3 rn1 of 20% gLycerol and 0.5 nl placed in the wells

of the inoculator. Each prong transfers abouÈ 103 to 105 bacteria Lo

the plate (Appendix 30), The number of bacteria transferred was esti-
mated by using the ínoculator to transfer the bacteria to r¿ells con-

taining sËerile rùater and dilution plating samples of these weIls.

The inoculated plates were incubated in a room where the temp.era-

ture was maintained between about 2Bo ! 3oC. There were three replicaËe

plates for each antibiotic concentration. Scoring was done after 6 to

14 days after inoculation depending on growth on control plates. The

plates were scored as:

1 - No growth

2 - Some growth

Sometimes there was variability in growth between repl-icate plates

of the sâme concent.ration. In these cases the score for the two plates

with the sane reaction (growth or no growth) was used..

RNSIILTS

Laboratory Test

Analysis of variance of different treatments on Rhizobium survival

on seed as determined by plate and plant count (Tables 23 and 24) shows

that there \{as a significant effecE of storage temperature and Ínoculum

strain, but there v/ere no differences between stickers. There was a

significanË effect of days of storage on the number of Rhizobium surviving.

Significant interactions were found between Rhizobiurn sËrains x days of
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TABLE 23. Analysis of variance for plate count in Rhizobir¡m
survival on inoculated seed.

Source of variation D. F. S. S. IYI. ù " F-ratio Sig. level

Main Plot

Replications (R)

TemperaËure (T)

Stickers (S)

Inoculum (I)
TXS
TXI
SXI
TXSXI
Error (L)

Sub Plot

Days (D)

SXD
IXD
SXIXD
TXD
SXTXD
IXTXD
SXIXTXD
Error (2)

Total

¿

2

1r

B

2

4

8

5B

16. 8768

37 "2219
0.9272

1. 3506

0. 5120

2.t292
0 "2165
0.3272

8.L67 6

48.329t
L.L449

3.5869

0. 3159

23.987L

0" 8813

1.2950

0. 3850

10" 7137

1 58. 36 B0

8.4384

18.6109

0 " 2318

1.3506

0.0641

r.0646

0.0541

0 " 0409

0. 140B

59.92

L32.L6

1.65

. 0.4s

.7 .56

0.38

0.29

27 0 .66

1. 60

20.09

0.44

67 -L7

0.62

3. 63

o "27

10/

L/"

N. S"

L"/"

N. S.

L'/,

N. S.

N. S.

L%

N. S"

L%

N. S.

L%

N. ò.

T%

N. S.

3

L2

3

L2

6

24

6

24

180

3s9

r6.1097

0. 09s4

I " 1956

0. 0263

3.9978

0. 0367

0.2 158

0. 0160

0.0595
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TABLE 24" Analysis of variance for plant count in Rhizobium survival
on inoculated seed.

Source of variation D.F" S. S" MS F-ratio Sig.1eve1

F1ain P1oË

Replications (R)

Temperature (T)

Stickers (S)

Inoculum (I)
TXS
TXI
SXI
TXSXI
Error (f)

Sub P1oË

Days (D)

SXD
IXD
SXIXD
TXD
SXTXD
IXTXD
SXIXTXD
Error (2)

ToËa1

2

2

4

1

Õ

2

4

B

5B

L3.946r

57 "L787
2 "3867
3.5920

t.4404
0. 5333

0 .3283

0.5992

L3 "7246

6.973t
rB. 5893

o.5967

3 .5920

0 " 1800

0.2666

0.0821

0 "o7 49

0.2366

29.47

73.s6

2.52

15.18

0.7 6

.1. 13

0. 35

0 "32

103. 59

t.74

2 "98
28.45

0.61

3.39

0 .41

I%

L7"

N. S.

10/!Io

N. S.

N" S.

N" S.

L%

N. S.

N. S"

L7"

L%

N" S.

J

L2

J

l2

6

24

6

,/,

180

359

50"7473

3.4L39

L "2064
). ö+J5

27 .8708
2.3926

3 .3182

L "5927
29.3919

199.5070

16.9158

o.2845

0.402L

0.4870

4 " 64sL

0 "0997
0. 5530

0:0664

0 " 1633
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storage, temperature x days of st.orage, temperature x Rhizobium strains

x days of storage.

There was good agreement beLween plate and MPN plant counts. Analy-

sis of variance of the nr¡mbers derived from plate counts and plant counts

agreed reasonably well with only a few interaction exceptions. There

T¡las a significant interaction between Rþtzoþiuq strain x days of storage

by using a prate count method buË not tt *-"t counL methodo and

vice versa in the case of the interacLion among stickers x Rhizobium

strains x days of storage. The correlation coefficient (r) between Ëhese

two methods of Rhizobium counting is 0.90 (n = 120).

Figures 6 and 7 show the number of Rhizobium/seed at different days

of storage. The figures are the average over the two sLrains, i.e.

rc-59 and 9036. All the stickers had no effect on Ëhe numbers of

Rhizobium sticking on to the seed. The number of Rhizobiuro sticking on

to the seed at 0 day ranged from 2.oo x 106 in jaggery to 3.55 x 106

in tapioca by the plate count method. For planË count method, the num-

bers of Rhizobium per seed at 0 day ranged from 1.78 x 106 in rice starch

to 6.6L x 106 in tapioca. The numbers of Rhizobium reduced with days of

storage. However, there is not any one sËicker that is superior to the

other in enhancing or prolonging Rhizobium survival. The numbers of

Rhizobíurn per seed at 7 days of storage ranged from 3.39 x 105 in rice

starch to 3.55 x 105 in jaggery and nethyl cel1u1ose (plate count) and

ranged from 2.24 x 105 in guar gum to 3.98 x 105 in tapioca (plant

count) .

The effect of temperat.ure on

strains is shown in Figure Ba and

action between Rhizobium strains x

the survival of the two Rhizobium

b. Plate count indicated an inter-

temperature, however, plant count did
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not" The ntmber of Rhizobiurn/seed declined with increasing storage

ËemperaLures. Except for plate count at 4oC storage temperature, strain

IC-59 was found to be superior to 9036 in survival at different. tempera-

tures by both counting methods. The death rate per day was higher in

strain 9036 th¿n IC-59 (Appendix 18). The heavy death raLe occurred in

the first day and later became consLant in both counting techniques.

To demonstrate the effect of temperat.ure of storage on Rhizobium

survival clearIy, an interaction between temperature x days of storage

is plotLed and shown in Figure 9A and 3 for both counting methods. 4oc

storage temperature had a beneficial effecË on prolonging the survival

of the Rhizobium. The number of Rhizobium/seed did not significantly

change at 7 days after storage at 4oc as measured by plate and plant

count. However, as the storage Lemperature increased, the nr:mber of

Rhizobiu¡r/seed reduced in both counting methods. The death rate/oc

increase of storage temperature was always higher for strain 9036 than

rc-59 (Appendix 19). rncreasing storage temperature from 2B to 33oc

resulted in a higher death rate/oC than increasing the temperature from

4 ro 28oc"

Field TesË

Table 25 summarizes the numbers of background Rhizobium population

in the fields rvhere inoculation trials were conducted. The numbers of

background Rhizobium population in field A (a medium depth vertisol

field) ranged from 10 to 2r9 cells/g dry soil, field B (a deep Vertisol

field) from 4,370 to 20,800 cells/g dry soil and in field C (a Fine

Mixed HyperËhermic Deep Aquic Ustorthent ? field) was less than one ceLL/

g dry soil. Field A had no history of chickpea cultivaËion since the
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TABLE 25. Background chickpea
3 fields. The numbers are
Rhizobium/g dry soil.

Rhizobium population in
expressed as Log l0 ¡'IPN

Rep 1 icates
Log 10 I'tr'N/g dry soil*

Field A
&s

f letd lJ Field C*

1

2

J

4

5

Mean

r.34

1 .03

2.04

2 "34

1.03

1. 56

4. 00

3.65

3.64

4.32

(-)

3.90

0

0

0

0

(-)

U

:ñ
The factors making tlne 95% confidence interval
on the IEN is + 0.68 (Cochran 1950)"

.¡-+-""Only 4 replicates experiment..
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establishment of ICRISAT i,n L972. Chickpeas had been grown in field B

many times. Field c, which is a paddy field, had no history of chick-

pea cultivation.

The numbers of Rhizob:ium inoculated per seed in all treatmenls are

sumnarized in Table 26. The counts were made using both the plate and

plant counts. Liquid inoculum always gave a higher plate count than

other treatments (107 ce1ls/seed). Line pelleting or ca02 pelleting

were found to be toxic to Rhizobium. The Rhizobir¡m were aIl killed by

such treatments. The other treatments contained approximately 106 ce1ls/

seed excepË in field C which were about 105 cells/seed. Sma1l seeded

variety (cps-l) was used in field c. A large seeded variery (B5o-3/27)

was used in fields A and B.

Table 27 shows the survival of chickpea Rhizobium on inoculated

seed recovered from field A at different days after sowing. Lime

pel-leting treatments kil1ed'Rhizobium rapidly. However, the increase in

numbers of this treatment reflected the colonization of the Rhizobiurn on

the seed by the native population. The other inoculated treatments

shorved reduction in numbers per seed with Ëime. ExcepË the lime

pelleting treatments, the number of Rhizobium per seed were not signi-

ficantly differenË from each other at, 1 and 3 days sampling. The numbers

of these treatments \Á7ere reduced by approximatel-y ten-fold within 1 day.

Tables 28, 29 and 30 show shoot, root, nodule weight, nodule number

and nitrogenase acËivity of 6 week old chickpeå. gror,rn in fields A, B

and c respectively. rn field A, there was no significanÈ difference

anong treatments in all the measured parameters. This field was very

variable and this could be reflected in the high coefficient of variation

in all the measured parameters. The shoot weight/pIanË ranged frorn 1.33
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TABT,E 27 . Rhizobium survival on
vals after planting in field
MPN Rhizobiurn/seed.

inoculaËed seeds ac
A" The numbers are

differenË time inter-
expressed as Log 10

Treatment
0 day 1 day 3 days

Plate counL \LPIant. count" (Plant count)* (Plant count) r"

9036-J

9036-MC

9036-GG

9036-T

9036-LP

IC-59.J

IC-59-MC

IC-59.GG

IC-59-T

IC-59-LP

6 "02

6.79

6.52

6 "4L

0

6.18

6.62

6 "69

6.29

0

6.94

7 .05

6"81

6.78

0

7 .05

7 "43

7 .05

7 .06

0

5.00

6.L2

6.I2

4.32

6.L2

6.12

6.26

6.26

2.7L

5 "26

5.63

s.48

6 .05

J"IL

4. 80

s.63

5. 81

6.26

3 .57

^The factors making the 95% confidence interval on the MpN is+ 0.68"
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TÄBLE 28. Shoot., root,
6 r¿eek old chickpeas

nodule ueight, nodule number and nitrogenase activfty of
grown in field A.

TreaEEenË Shoot wË RooE s)t
(g/pIant) (g/plant)

Nodule no. Dry
per planÈ noduLe r,¿t

(g/pIant)

unoles umoles

,izk'," o,l'Tt!u1n

Uninoculated conErol

YUJO-J

- l.fc

-T

-LP

TC- 59 -J

-MC

-T
.L

-LP

1.96 a

I.97 a

2.08 a

2.L5 a

L.76 a,

1.91 a

1.33 a

1.91 a

2.I1 a

1.76 a

2.I3 a

L.97 a

1.79 a

0.14 a

0.12 a

O.I2 a

O.LZ a

0.I3 a

0.L2 a

0.11 a

0.13 a

0.13 a

0.I2 a

0.14 a

0.13 a

0.I3 a

Qr

L2a

8a

10a

I0a

13a

9a.

11 a

11 -

9a

13a

18a

9a

0.02 a

0.03 a

0.01 a

0.02 a

0.01 a

0.02 a

0.02 a

0.02 a

0.02 a

0.01 a

0,,02 a

0.03 a

0.02 a

I.08 a

0.95 a

0.29 a

0.77 a

0.45 a

0.78 a

I,U+ A

1.03 a

0.83 a

O.22 a

1.12 a

1.38 a

0.98 a

38. l7 a

24.22 a

4L.47 a

25.27 a

30.13 a

Ið.YJ A

44.46 a

35.66 a

39.18 a

44.49 a

43.84 a

4O.32 a

4L.54 a

a Ìleans in the same coh¡mn
by Duncanrs new nultiple
For analysis of variance

follor¡ed by the same letter are not significanLly different
range test at P S 0.05.

see Appendix 20.
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TABLE 29. Shoot, root, nodule weight,
¡oeek old chi-ckpeas grown in field

nodule number and nitrogenase activitv of 6

Treatment Shoot wE Root r¡t
(g/p1ant) (g/plant)

Nodule no. Dry
per planE nodul-e v¡c

(g/p1ant)

pmoles pnoles
czH+/ c2L4/e

plant/h dry nod./h

Uninoculated control

9036-L

-MC

rc-59-L

-MC

2.39 b

2.57 ab

2.62 ab

2.96 a

2.33 b

O.L4 a

0.14 a

0.13 a

0.16 a

0.13 a

18a

19a

19a

20a

2Ie

0.03 a

0.03 a

0.03 a

0.03 a

0.03 a

0.59 a

O.67 a

0.74 a

0.82 a

O.77 a

L9.29 a

22"55 a

2L"56 a

22.26 a

14"09 a

a-b Means in the same colunn follor¡ed by the same letÈer
by Duncanrs new multíple range test at p .< 0.05.
For analysis of variance see Appendix 21.

are not significantly different
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to 2.15 g/plant, root weight from 0.11 to 0.14 g/plant, nodule number

from eight to 18 nodules/plant and nodule weight from 0.01 to 0.03 g/

p1ant. The nitrogenase activity/plant ranged from 0.22 to 1.38 pmoles/

plant/h" Specific nitrogenase activity ranged from 18"93 to 44.49 pmoles

C2H4/ e dry nodule/h"

In field B, shoot weight Tras significantly different at the 5% leve|.

However, rooL weight, nodule number, nodule weight, nitrogenase activity

and specifíc nitrogenase activiËy vrere not significantly differenË. The

field was uniform" This could be reflecLed by a lower coefficient of

varÍation in all the measured parameters compared to those in field A.

Shoot weight ranged from 2.33 to 2.96 g/pLant, root weight from 0.13 to

0.16 g/plant, nodule number from 18 to 21 nodules/plant, nodure weight

r¿as 0.03 g. Nitrogenase activity ranged from 0.59 to 0.82 pmoles c2n4/

plant/h. Specific nitrogenase activity ranged from 19 .29 to 24.0g ¡moles

c2H4/e nodule/h.

In field C, nodule number and niLrogenase activity were significantly

different at the 57" level. The field conËained less than one Rhizobium

Per g dry soil and this might be the reason for these differences. How-

ever, the field was quite variabl-e and this could be seen by the high

coefficient of variation of the parameters used in measuring the symbio-

tic effectiveness. shoot weight ranged from 0"93 to L"47 g/pLant, root

weight from 0.lL Ëo 0.15 g/plant, nodule number from 0.1 ro 18 nodules/

plant, nodule weighË from 0.06 to 0.09 g/plant and N content from 28.11

to 48.47 mg/plant. Nitrogenase activity ranged from 0.01 to 1.65 pmoles/

plant/h. Specific nítrogenase activity ranged from 0.03 to 21,36 umoles/

g nodule/h.

Tables 31 and 32 show the amount of nitrogen uptake per planÈ at
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TABLE
6

31. N uptake by chickpea planr (mg/plant)
and 10 weeks after planting in field A.

N uptake (mglplant)
Treatment

6 weeks 10 weeks

Uninocul-ated conËrol

9036-J

- lvlu

-GG

m

-L

-LP

JC-59-J

- I"fC

-GG

-T

-L

-LP

74.42 a

76.10 a

86.61 a

81.93 a

69 "47 a

75"93 a

+t.3+ a

74.98 a

78.61 a

71.62 a

80.90 a

80.32 a

76.63 a

135.03 a

130.00 a

186.03 a

183"84 a

L40.56 a

L36,82 a

85.13 a

L46.44 a

L75.07 a

I35"37 a

L75.89 a

I40.99 a

158.52 a

a Means in the
same letter
by Duncanrs
P { 0.05"

For analysis
23 arrd 20"

s¡me colurnn followed by the
are not significantly different
new multiple range test at

of variance see Appendices
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TABLE 32, N uptake
6 and 10 weeks

by chickpea plant (urg/plant) at
after planting in field B.

N uptake (mg/plant)
Treatment.

6 weeks 10 weeks

Uninoculated control

9036-L

9036-IfC

IC.59.L

IC-59.MC

92.87

101.99

101.75

LL4.29

89.L2

181.84 a

183.28 a

213.10 a

L69 "39 a

L56"62 a

4

d

d

a

Means in the same column followed by the same
letter are not significantly different by
Duncanf s new multiple range test at P -< 0.05.

For analysis of variance see Appendices 24
and 2L"
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6 weeks after planting in Fields A and B respectively. At both samplings

in field A, the N uptake in different treatments did not show any signi-

ficant difference. The average N uptake at 6 weeks sampling was 75 mg/

plant while ât 10 r¿eeks was 148 ng/plant. In field B, the average N

uptake at 6 weeks after planting was 100 rng/plant and at 10 weeks after

planting was 180.85 rng/plant. Again there was no significant dífference

among treatments in both samplings.

Tables 33 and 34 show seed yield and seed nitrogen yield of chick-

Pea grown in fields A and B" Seed yields and seed N yieLd of differenË

treatments r,{iere noË significantly different in both fields. Since field

A was variable, the seed yield ranged from 680 to 1140 Kg/ha and seed

nitrogen yield ranged from 23 to 38 Kg/ha. The coefficient of variation

for seed yield and seed N yield in rhis field were 23.27" and 23.7%,

respectively. The average seed yield and seed nitrogen yield in field A

were 970 and 32 Kg/ha respectively. Field B was more uniform compared

to field A. seed yield ranged from 1,200 to 1,480 Kg/ta and seed N

yield ranged from 44 to 56 Kg/tra. The coefficient of variation for seed

yield and seed N yield were 11.6 and 17.B% respectively. The average

seed yield and seed N yield were 1r370 and 50 Kg/ha respectively.

Rh:Lgeb:Lun ldent i f i cat ion

The success of the inoculum strains in forming nodules was examined

ín two treatments, 9036-MC, 9036-L, and compared with the uninoculated

control. The Rhizobium strain 9036 is resistant to streptornycin (Str

200 resistance). Table 35 shows the recovery of the inoculated strain

in fields A, B and C at 6 weeks after planting respectively.

In field C where the soil conÈained less than one Rhizobium/g dry
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TABLE 33. Seed and seed nitrogen yield
grown in field A.

(xg/ha) of chickpea

TreatmenË Seed yield
( re/ha)

Seed N yield
(Ke/ha)

UninoculaËed conËro1

9036-J

-MC

- GG

-T

-L

.LP

rc-59-J

trn- ÌlU

-GG

-T

-L

-LP

901 a

901 a

1038 a

1075 a

929 a

968 a

687 a

993 a

LL45 a

891 a

I0I7 a

1081 a

1034 a

31.30 a

28.00 a

34.08 a

37 .77 a

3L.56 a

34.46 a

23.18 a

33.07 a

35.65 a

30 "25 a

35.19 a

36 "79 a

34.L5 a

a Means in Ëhe same column followed by the same
letter are not significantly different by
Duncan¡s new multiple range test at P -< 0.05.

For analysis of variance see Appendix 25.
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TABLE 34. Seed and seed nitrogen yield (Kg/ha) of chick-
pea grown in field B.

Treatment Seed yield
(Ke/ha)

Seed N yield
(Ke/ha)

Uninoculated control

9 036 -L

_MC

rc-59-L

-MC

1351 a

L40I a

I4L2 a

T482 a

L204 a

52.23 a

49.8L a

52.22 a

56.49 a

+J.O I A

a Means in the same colunn followed by the same
letter are not significantly different by
Duncanus new multiple range test at p S 0.05.
For analysis of variance see Appendix 26.
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TABLE 35. Percentage recovery of
selected treatmenLs using str
fields A, B and C.

inoculated Rhizobium strain 9036 in 3
200 resistant characteristic alone in

Field Population range
(BhiZ_qÞi"* / g dry soil)

Treatment

Control MeËhyl cellulose Liquid

c

d

B

-(

10

4,370

219

20,800

0

0

0

9B

36

1

100

BO

L¿

For more detail see Appendíx 32"
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soil, there were no nodules formed in the uninoculated plot. As expected,

inoculatíon using raethyl cellulose as a sticker (9036-MC) and liquid

inoculation (9036-L) resulted in nodule formaLion, with recovery of

strain 9036 from 98 to 1007. of Ëhe nodules examined. The identification

was done by str 200 resistant characteristic.

I^Ihen the population of Ëhe native Rhizobium in the soil increased

from 10 to 2I9 Rhizobium/g dry soil (field A), the recovery of inoculum

strain r¡as 0, 36 and 80% in uninoculated control, methyl cellulose sticker

and liquid inoculation treatments, respectively. when the soil popula-

tion increased further (field B) to 4,370 to 20,800 Rhizobium/g dry soil,

the recovery of the inocul rm strain in the nodules was 0, 1 and L2% ín

the uninoculated control, methyl cellulose sticker and liquid inoculation

method treatment., respectively.

The patËern of sËrain distribution in the nodules from fields A and

B was also examined by typing the isolates using low intrinsic anti-

biotic resistant characteristics" Isolates examined were those thaL were

noL resistanÈ to str 200 and hence not inoculum strain 9036. on the

basís of a unique profile of response to the antibiotics, the 475 isolates

from field C fell into 205 groups (see Appendix 33). The number of

grouPS in the uninoculated control, methyl ce11ulose sticker and liquid

inoculation treatments were 90, 82 and 82 respectively. I,Ihen arl the

isolates from field B were tesÈed against str 200, onLy 22 isolaËes were

found to carry a high level resistance marker of the inoculant strain.

The low intrinsic antibiotic resistance paËtern of these 22 field iso-

lates feI1 into three groups (see Appendix 35). samples of the pure

culture of 9036 were also added as the control in the experiments and

they fell into Ëwo groups (see Appendix 35). The discrepancy occurred
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in one concentration of Neomycin sulfate, i.e. Neo 10 (see Appendix 35).

Irtrhen an allowance was made for the possibilíty of an erroneous result

for one tesE out of the complete set, all samples of 9036 fell into one

group and 2L of the 22 fíeLd isol-ates fell into the same group (Table

36). The single isolate which did not fa1l into either of the tvro major

groups again formed a discrete group (see Appendix 35). This isolate

was the only isolate from rnethyl cellulose sticker treaËment in field

B that was found to be resistant to str 200. The rest of the field

isolates Ëhat roere resistant to str 200 were from liquid inoculation

treatment. I{hen one mismatch allowance T¡/as nÉde for the 475 field iso-

lates, instead of having 205 discret.e groups, they now became 119 groups.

rn field A, all the isolates were tested against str 200 first.

Only the isolates thaÈ were not resistant to str 200 \^rere tested aeainst

1ow intrinsic antibiotic resistance. One hundred twelve discrete groups

were found (see Appendix 34), trnlhen one mismatch r¿as allowed for group-

ing, we now had 74 groups. This reflects the variability of the indi-

genous Rhizobir:ur in this field. It was also assumed thaË the isolates

frorn field A thât were not resistant to str 200 were the indisenous

Rhizobir¡m.

DISCUSSION

Laboratory Test

Plant. and plate counts corresponded very well. This might be due

to the use of pure peat inoculum. Both peat inoculum st.rains were

prepared in the laboratory, the count was found to be up to 109 cells/g

PeaË. Plate counts revealed that there was no contamination at the level
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TABLE 36. Comparabílity of troo straín fdentification techniques,f.e, 1ow Lntrinsic antibioEic resisËance vs high level resis_tance marker (str 200).

Technique

"ttn "":llj.tic.resisLance Low lntrfnsic anÈfblotic resisrance
\99^ 4vvl

0 Misrnatch I Mismatch

Pure strain (9036 str)

Field isolates

¿¿ 13+9

(2 groups)

19+2+1
(3 groups)

22

(1 group)

2t+1
(2 groups)
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of 106 dílution. Int.erferences from contaminating micro-organisms has

been known to be the reason for discrepancies in plant count (Thompson

and vincent L967, Robinson 1968, Vincent 1970). Plant counts produce

a most probable nrimber wÍth a wide range for ilne 95% confidence limits

when six dilution steps, three replicates/¿ilution are used. The limits

^t.! 0.68 for log 10 MPN or i o.u for rhe acrual MpN (cochran 1950).

For example, an MPN of 3 x 109 cells, the 95"/" confi.dence rimit range

will be from 6.3 x 1oB to 1.4 x 1010 cerrs. rn terms of 1og 10 læN, the

range will be between B"B0 to 10.16.

The discrePancy mighË be due to the decrease of Rhizobium vigour

(I,Iilson and rrang 1980) " They reported corùpea rhizobia peat inoculum

sËored at high teuperatures decreased in cell vigour. This resulted in

few or no rhizobia detected by a p1-ant count method while the plate count

method could stil1 detect Rhizobium. The discrepancy between the two

counting methods did not occur at 25oc storage-temperature. At 35oc

storage t.emperature, plant counÈ started to decline while the plate

count remained unchanged. At 45oc storage temperalure, plate count

started to decline but plant count decreased rapidly. After 6 weeks of

storage at 55oC, there vJas no detectable viable rhizobia as determined

by plant infection counts, but plate count showed approximately 104

rhizobia Per g even after 15 ¡^¡eeks. However, the storage temperalures

used in our study were not as high as the ones used in l{ilson and Trangts

study. It is unlikely that the discrepancy between the plate and planË

count will come from the loss of celI vigour.

The finding that all_ the stickers under study were

of sticking ability and prolonging rhe viability of rhe

practical value. Cheap and locally available stickers

equal in terms

Rhizobium has

can be used by
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local farmers instead of depending on the imported products. Jaggery

(home made cane sugar), tapioca and rice starch are available in develop-

ing countries like India and Thailand. Guar gum is produced in fndia"

All these stickers are easy to make and use. They are edible products

and this eliminates the fear from poisonous effects. vincent (1958)

reported the incorporation of 10% sucrose considerably lessened the

death rate of Rhizobium on inocul-ated seed. VincenË et al " (L962) also

found that certain additives such as maltose and gum arabic offered some

protection during drying and storage. Burton (I976) indicated thar

sucrose and maltose as well as some natural and synthetic gums decreased

the death rate of rhizobia on seeds. Davidson and Reuszer (1978)

studied the survival of Rhizobium iaponicum on inoculated seeds using

12 different coating materials. The conmercial coating materials of

two companies (names unrevealed) resulted in a much larger initial popu-

lation per seed, however, t.here was no distinct advantage over the con-

trol (seeds f inoculurn) in terms of percentage of original inocul-um

surviving at later dates. None of the treatments induced a survival

greater than 200,000 rhizobia per seed after a 3 week storage period.

Our results show a significant difference between the two strains

used in their survival at 28 and 33oC ¡,,rhen coated on seeds" This find-

ing may have an agronomic importance. This is because chickpeas are

generally sown in dry soil in late October when the temperature may stil1

be high. Strains that tolerate high tenperature wil-l- ensure that there

will be enough Rhizobiurn to produce nodules on the plants. PhilpotËs

(L977a, b) reported that commercially used Rhizobium trifolii sLrain TA1

r¡7as more susceptible to high temperatures than straLn CC275e and cowpea

Rhizobium strain CB-756,
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The storage temperature had a significant effect on the Rhizobium

survival. 4oC was found Ëo be Ëhe best temperaËure for Rhizobium sur'

vival. The number of Rhizobiug per seed remained unchanged during 1

week storage. tr^lhen the temperature increased to 28 and 33oC, the number

of Rhizobium per seed declined and continued to further decline with the

number of days in storage. The death rate per day was found to be higher

in the first 24 h of. storage and later on became constanL in both strains

and counting technique. Death raLe was always higher in 9036 than IC-59.

The rapid loss of vrater during this period might be the reason for t.his

rapid loss of viability (vincenr eË al. L962). survival at 28 and 33oc

after 7 d'ays of storage T¡tas about 105 and 104 cells/seed respectively.

This finding has agronomic importance. Tnoculated seed.s should be sown

Ímmediately or stored at 1ow temperature (- 4oC). Low storage (4oC)

could prolong Èhe Rhizobiuu survival without losing much viability even

after 7 days. Storage at high temperature resulted in loss of viability

in even just 24 h, however, t.he number which survived after 24 h is con-

sidered to be high and acceptable. Therefore, preinoculated seed stored

at room temperature more than 24 h should be reinoculated before sowinq.

Field Test

The three fields used in the experiments had different crop history

as mentioned earlier" This results in different numbers of native

Rhizobium population per g dry soil. Therefore, we had three competitive

levels in Ëhe studies" The number of Rhizobiun inoculaËed to the seed

ín various fields, as per our plate and plant count, ranged from o to 107

cel1s/seed. Lime pelleting or Ca02 pelleting were found Ëo be detrimen-

ta1 to the Rhizobium. l"fany workers had reported that lime pelleting

prolonged the survival of applied root nodule bacteria (BrockweII 1962,
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1963b, Brockwell and Phillips Lg7o, Radcliffe er al. 1967), enhanced

nodulaËion and N2 fixation in grain legumes (Iswaran and Jauhr L Lg6g,

Chhonkar eL aL. L97L) and helped the inoculr:m rhizobia to compete with

native soil micro-organisur (trIade eË aI " 1972). our 1ime pelleting and

ca02 lelleting were detrÍmental to the Rhizobiug inocurum, probably

because the lime Ttas too alkaline. Different sources of lime behaved

differenLly in prolonging the survival of inoculated Rhizobium. Cottrel

dust and Gold hill lime proved to be deËrimental Lo Rhizobiqn trifolii

(Radcliffe eË al . L967). The lirne that we used in this experimenr \^ras

the lime that we used for liming the field. It might be expected Ëhat

the lime may contain CaO or some toxic substances that ur,ay be detrimental

to Rhizobium" CaO reacts with water in an exothermic reaction which may

kill the Rhizobium. The pH of the lime used in our experiment was 12.1

which was considered to be very high compared to pure CacO, which had

the pH of 9"7 "

Ca02 has been claimed by the manufacturer (Int.erox International)

to improve germination of certain seeds such as wheat, rice, sugarbeet

and rye during germination in flooded conditions where 02 is lacking.

rncreases in nodulation of soybeans in Japan has also been claimed by

the manufacturer. The reaction of CaO2 with water can be summarized in

the following equationsi

Ca02*2H20 Ca(OH)Z+HZOZ

CaO2 * 0H- + IhO ----------* Ca(0H)2 + O2H-

cao, + 2rf ca# + rir0,

Hr02 derived from the reactions may be the cause of Rhizobium death.

H202 has bacteriocidal and bacteriostatic properties. Some chemÍca]s

are known Ëo be toxic to Rhizobir:m and are not recommended as aeents fôr
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PH adjustmenË of peat in the inoculum production (Roughley and Vincent

L967, Vincent 1970). The manufacturer claimed that nodulation of soy-

beans has been improved in Japan. This night be because Ëhey used caO,

as the granular form. However, we used Ca02 in powder form and pelleted

it to the inoculated seed coat. Due Ëo Ëhe distance from the seed,

granular form application might be beneficial because it might kil1 the

native soil organisms and thus indirectly helped the inoculated Rhizobium.

But Ca02 pelleted Ëo the seed was close Eo the inoculated Rlrizoþluq and

roíght kil1 all the inoculaËed Rhizobium.

Rhizobium survival on the inoculated seed planted in field A declined

with time after planting. However, the nurnber per seed of the lime pellet

treatment increased from less than one cell/seed at the day of planting

to 103 cells/seed aË 3 days after planting. rt is suspected that the

native population clinging to the soil attached to the seed night be the

reason for this increase in number. Our previous laboratory test showed

that Rhizobium decreased with Lhe number of days as the seeds r^rere stored

in 28 and 33oC, buË not at 4oC. The soil temperature aË Ëhe first 3 days

after sowing ranged from 23oc during the nighttime to 33oc during the

daytime. ExcepÈ for the lirne pelleting LreaLments, the survivaL of

Rhizobir:m per seed was considered quite high. They ranged from 104 to

106 cel1s/seed which was within the 95% confidence Iimits.

There was no significant difference among treatmenLs as measured by

different paremg¿s.s at 6 weeks after planting in field A. There rì?as no

ïesPonse to inoculation over the control" The coefficient of variation

of shoot weight was 24%; this depicted the heterogeneity of the field

used in this experíment. The soil was patchy at one end of the replicate;

the grolvËh of this end was very poor. The coefficient of variation for
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root. weight, nodule number and nodule weight were 12, 42 arð BB%. The

coefficient of varitions for c2[4/plant/h and C2H4/g dry nodule/h were

102 and 69% respectively. The high coefficient of variation of the N2-

ase acLivity showed high variability between samples.

ExcepE one Parameter, i.e. shoot weight, all the parameters used in

measuring the effect of differenL inoculation methods rùere not signifi-

cantly different in field B. The soíl in this field was uniform and this

resulted in Low coefficient of variations \.,rhen compared to field A. The

coefficient of variations were 10, 13, 30, 46,70 and 33% for shooË

weight, rooË weight, nodule number, nodule weight, CZH4 production/plant/

h and C2H4 Production/g dry nodule/h. IC-59-t trearment had higher shoor

weight/plant (2"96 g) and significantly different from the uninoculated.

control. However, there vlas no significant difference among treatment,s

at the lat.er sampling date. I,Iade et al . (L972) noted that response to

inoculatioÍr might occur at the early sampling date, but might not at the

later ones.

Except Ca02 pelleting treatment, there was a significant response

to inoculation in terms of nodule number/p1ant, C2H4 production/plant/h

and c2H4 production/g dry nodule/h in field c. As mentioned earlier,

field C contained less than one Rhizobium/g dry soil. This urighË be the

reason for the resPonse to inoculation in terms of the previous mentioned.

parameters. ca02 pelleting resulted in killing of the inoculated

Rhizobium and, therefore no nodule formation and no nitrogenase activity

which was the same as the uninoculated control treatmenL. This agreed

well wíth our plate and planË count methods that CaOr was detrimental

to the Rhizobium.

N uptake of chickpeas grown in fields A and B were not significantly
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different among treatments at 6 weeks and 10 weeks sampling. N-uptake

in f ield A was found Ëo be 75 and 148 mg/plant at 6 and 10 r,¡eeks after

sowing. Fifty percenË of N had been taken up at 6 weeks after sowing.

In field B,- N uptake was found to be 100 and 181 mg at 6 and 10 weeks

afËer p1-anting. Fifty-five percenË of N was taken up aË 6 weeks after

sowing.

Seed and seed nitrogen yield among treatments in both fields were

not significantly different. Seed inoculaËion by any of the stickers

or methods did not increase seed yield and seed N yield. The coefficient

of variation for seed and seed N yield were 23 and 24% in fiel-d A, 12 and

LB% Ln fiel-d B, respectively. This reflected the heterogeneity in field

A and uniformity in field B.

None of the fields under study contained Rhizobium resist.ant to

str 200, hence all isolates resistant to str 200 were presumed to be our

inoculum strain. Our data show that both inoculation methods, i.e. con-

ventional slurry inoculation method with methyl ce1lulose sticker and

liquid inoculation method were equally effective when virtually no

chickpea Rhizobium popul-ation rùas present. As the soil Rhizobiurn popula-

tion increased, the recovery of the inoculum strain declined and conven-

tional slurry of the seed was less effective than liquid inoculation.

The reason could be that liquid inoculation provided more Rhizobium per

seed aË the time of sowing (107 cells/seed cf 106 cells/seed). The

liquid could also carry the inoculum away from the seed so that the

developing radicle would pass through a zone of soil containing Lhe

inoculum, rather than picking up the rhizobia as the radicle broke

Ëhrough the Ëesta. There \^ras no rain after sowing so presumably

Rhizobium moved along the root by swimming in the rhizosphere.
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Rhizobir¡m movement in the soil is limited by the soil moisture con-

tent (Kellerroan and Fawcett 1907, Erazier and Fred 1922, Hamdi L97L,

1974, l.lorral and RoughLey L976). Movement of Rhizobium slowed roith

increasing waÈer tension and ceased when water-filled pores became

discontinuous (llamdi I97L). Nodulation of legumes sown in partly dry

soil could be restricted by the lack of migration of the seed inoculum

strain or of naturally occurring rhizobia, at Ì,¡ater tensions which could

permit legume seeds to germinate. The Rhizobiun inoculated onto the seed

by the conventional slurry method might not move that much and thus

could form only 36 and L% of. the nodules in fields A and B, respecLively.

The liquid inoculation urethod enabled the inoculated Rhizobir¡m strain to

move around the vicinity of the seed, become established and ready to

comPete for nodule formation. This was depicted by Ëhe fact that B0 and

L2% of the nodules formed in fields A and B were from Ëhe inoculaËed

strain respectively. The competitive ability of the inoculated strain

by both inoculation methods vras reduced as the number of native populaLion

increased. However, the percentage of the nodules formed by the inoculated

st.rain in t.he liquid inoculation method was higher when compared to the

conventional slurry method in both fields.

The superiority of the liquid inoculation method over the conven-

tional seed slurry inoculation method in terms of nodule formation has

aLso been demonstraËed by others. Kapusta and Rouwenhorst (1973) showed

that the recovery of applied Beltsville serogroup 138 from soybean

nodul-es increased from 18 to 60% when 1.5 x 1010 cells/cm ro\^7 r.rere added

in a liquid carrier. The recovery of Beltsville serogroup 62 was

increased from 0 to 38% by the addition of 5 x 108 cells/cm of row

(Boonkerd et al. 1978). itale (r978) reporred thaL rvhen clover seeds
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inoculated by the conventional seed slurry method, less than 30% of the

nodules formed at 6 weeks after planting contained the inoculated strain.

When a liquid peat based inoculum was incorporated in the soil prior to

soviing, there vTas a significant increase in the numbers of nodules con-

taining the inoculated strains (80 to 90%).

Quite a substanËial number of nodules were found to contain the

inoculated sËrain by Ëhe liquid inoculation treatment in our experiments.

Except for top weight/plant at 6 weeks after planting in field B, Ëhere

T^tas no resPonse to inoculation as measured by other parameters. There

r.üas also no response to inoculation in terms of final yield of dry

matter, seed and seed N yield. Response in yield due to liquid ínocula-

tion has been reported for groundnut (Schiffman and Alper 1968, Nambiar

et al. personal communication) and clover (Hale 1978). The lack of

response to inoculation in our experiments may be attributed to many

factors. Firstly, the native population might be as efficient-in Nr-

fixation as the inoculum strain. Nodul-ation and nitrogenase activity in

the two Vertisol soils (fie1-ds A and B) were not significantl-y affected

by inoculatíon. secondly, N2-fixation in chickpeas is sensitive to

high temperature" Nodulatíon and N2-fixaËion at 30oC soil temperature

was dependent on Rhizobium strains (Dart et al. 1975a, b, rslam 1975) "

Dail-y maximum soil temperature varied from 29 to 41oC at 5 cm depth in

the 120 days after sowing and from 26 to 33oC at 15 cm depth (see

Appendix 36). Thirdly, chickpea is usually grown in the residual

moisture. No irrigation was applied during the growing season in both

fields A and B. However, in field c, two irrigations were applied, i.e.

before sowing and 35 days after planting. tr{ater sLress has been reported

t.o reduce acetylene reduction in fieLd gro\^;n soybeans (Ifague and Burris
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I972), Trifolium repens (Engin and Sprent 1973), Lupinus aboreous

(Sprent L973, Sprent and Silvester 1973) and Phaseolus vulgaris (Sprent

L975), Sprent (L972) reported that acetylene reducíng activity of

Vicia faba and Glycine rnax was depressed by drought and the activity

coul-d be restored by irrigation. Nodulation, nitrogen fixation and

yields of chickpeas reere found to be beneficíal by irrigation (Rupela

et al. Personal communicat.ion). Chickpeas grown on residual- moisture

was found to be active in N2 fixation in a very short period (rcRrsAT

annual report I97B/79). Under residual moisture condition, N2 fixation

as measured by acetylene reduction technique reached its peak about 7

weeks aft.er planting, declined sharply and showed no activity at 10

weeks after planting.

Low level intrinsic antibiotic resistant character or "fínger

printingtt technique showed that the naLural rhi.zobía population were

heterogeneous. one hundred Ëwelve and 204 groups of Rhizobium were

recorded in fields A and B respectively (zero mismatch). rf one mis-

mâtch is allowed ínto grouping, the number of groups is reduced. How-

ever, the antibiotic concentration allowed for mismatching need not be

the same. Benon and Josey (1980) grouped 264 Rhizobium phaseol-i isolaLes

from Ëheir experiments into 54 groups. fsolates having the sarne intrin-

sic resistance patLern, with few excepLions, were uniform in reaction

with anti-serum raised against one of the inoculant strains and in their

colony morphology

The reason for allowing one rnismatch for grouping was due Ëo the

fact that our standard control sLrain (9036) showed variability for

resisLance to a certain antibiotic concentration, i.e. Neomycin sulfate

at 10 ng 1-1. Some strains of Bhiz.gÞilm phaseoli were found to be
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variable Ëo resistance Eo certain antibiotics (Josey et a1 . L979,

Benon and Josey 1980) and stock culture of the inoculant strains were

suggested to be íncluded in every set of printing plates (Josey et al.

L979). we included strain 9036 in every set of printing plates as our

standard control strain and noticed that isolates having the same pattern

of intrinsic resistance as 9036 behaved the same as strain 9036 at a

Particul-ar set. PotenËial sources of error using this technique have

been discussed (Rupela et aL. 1981). Except in one case, all the field

isolates from field B that were resistant to str 200 were found to have

the same 1ow intrinsic antibiotic resistanË pattern and colony morpholory

as the 9036 strain. üIe are not sure whether this exceptionaL isolaLe

was from the native strains or a cross between a native and a marked

strain.

CONCLUSION

Chickpea Rhizobium survivaL on inoculated. seeds was studied by using

both the plate and p1-ant counÈ techniques. Ten percent jaggery, 1.5%

methyl cellulose, 1% guar gum, 57" tapioca st.arch and rice starch were

found to be the same in terms of sticking ability and prolonging the

survÍval. Therefore, the choice of using the sticker depends on locally

available uraterials, Low storage (4oC) was found to be beneficial and

high storage temperaËures (28 and 33oC) were detrimental- to the inoculated

Rhizobium. Therefore, the inocul-ated seed should be stored at l_ow

temperature (4oC). Strain IC-59 was found Ëo survive high temperatures

better than strain 9036" This enphasizes the benefiliaL of a high

Lemperature tolerant strain.

There was no resPonse Èo inoculation Ëreatrnents in the Ëhree field
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conditions under test. Liquid inoculation was found to be superior to t.he

convention inoculation method in terms of enhancing competitive ability

of the inoculated strains in nodule forme¡ien. It has been discussed

that there is a need for a better inoculum strain and a better method

to apply liquid inoculum.

Low intrinsic antibiotic resistant patterrÌs r^)ere found Ëo be use-

ful in showing Ëhat the native Rhizobium are heterogeneous. ExcepË in

one case, 1ow level intrinsic antibiotic resisËanË patterns agree with

a high resistanÈ anËibiotic resisLant (str 200) character.
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GENERAI DISCUSSION AND CONCLUSIONS

Srnall seeded legumes are usually used in Rhizobir:m MPN counts usfng

the plant infection method because they can be grown aseptically ín

test tubes. Tumblers (I{ilson L926), modified Leornardrs jar assembly

(Thornpson and Vincent L967), modified Gibsonrs seedling tubes (VincenË

1970), assembLy developed by Elliot and Blaylock (1971) and growrh

pouches (Weaver and Frederick 1972) have been used to grow large seeded

legumes. However, these techniques are not completely sterile because

the plant shoots are exposed to the unsteríLízed environrnents and may

result in cross contamination. E1liot and Blaylock (1971) reported

that a rnodified T,eornardrs jar assembly was useless in the dust storm

conditions in cenËral Ï,{ashington State, U.S.A., and this led them to

develop another assembly.

Dwarfing the seedling developed from a germinating chickpea by

cutting off the cotyledons, enables the seedling to be grown under

axenic conditions in a test tube. This axenic culture technique is also

suitable for other large seeded legumes, e.g. groundnuts. Tn chickpeas,

many cultivars have been shown to be usable for MPN counts (see Manu-

script 1). Therefore, a variety or cultivar can be chosen. The

finding Ëhat. some cul-tivars gave poor MPN counts indicated that

\,Jas a strain x cultivar int.eraction in chickpeas. Corbin et al

reported there lras no host-strain specifícity within 29 chickpea

the re

(Le77)

cu1 ti-

cu1 tivarsvars tested in Australia. However, their Rhizobium strains and
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used nere different. from ours" Not all of the cotyledons need be renoved.

A quarter of the cotyledons can be left without affecËing nodulation and

the reliability of the count. Floreover, this technique does not require

an expensive rooting medium. sand was found to be the besL rootins

medium in our studies.

The root excision technique produced nodules on excised root of

Phaseolus vulgaris L. (Raggio and Raggio 1956) and phaseolus aureus

(Yoshida and Yatazawa 1978) provided that the essential organic coro-

pounds were suPplied in the agar block at.tached to the cut end of the

root. Nodulation in excised Phaseolus vulgaris L. root could be im-

proved if the hypocotyl was left attached ro rhe root (Bunting and

Horrock L964). sucrose, mesoinositol, indole butyric acid and oLher

organic compounds were found to be essential for nodulation (Raggio

et al 1959, Barrios and Raggio L964, cartwright L967, yoshida and

Yatazawa L97B). This technique of root excision of Raggio and Raggio

(i956) is very suitable for studying the effecË of different compounds

on nodulation. However, it cannot be used in ecological studies because

high nuubers of plants are required in the MPN plant dilution infection

technique.

Our technique of dwarfing the germinating seed by cotyledon

excision cuts down the food supply t.o the seedling and t.hus prevents

luxuriant growth. This enables a large seeded legume to be groü/n under

test tube conditions. Hormones and essential compounds required in

nodule forming must be sufficient because the whole seedling and some

Parts of the cotyledons are intact. However, the cotyl-edons should be

left no more than one-quarter seed in chickpeas. Seedlings developed

from the whole seed do not nodulate well in the test tube. This miEht
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be due to the effect of the abundant nitroqenous compounds on other

substances in the seed that inhibit nodule formation in test tube

conditions. Dadarwal and Sen (L969) reported the chickpea Rhizobium

survived better on the soaked than the unsoaked chickpea seed. A toxic

substance in the seed coat of some legumes was found to be t.oxic to

RhizobiqgL (Thompson 1960). Gottfred (f981) reported toxic phenolic

compounds like tannins found in sainfoin seed (_9ggÞry"hrs viciifolia L.)

inhibit the growth of Rhizobium; the effect is more pronounced in

hulled than dehulled seed. !ùhether chickpea seed contains toxic sub-

stances inhibitory Ëo its Rhizobium is another area worthy of study.

Seedlings could be developed from dry embryo excision in groundnut

(Nambiar et al, personal- communication) but the percent survival and

the repeatability was low. The excised embryo was grown in one-

quarter strength Jensenrs seedling agar (Vincent 1970). No addition

of sugars or hormones was added in the medium in t.he studies. ThÍs

rnight be the reason for this failure. Another possibility of getting

a seedling is by the conventional tissue culture. This is anoËher area

of study that might be beneficial Ëo both microbiological and plant

breeding sËudies.

The method of Fisher and Yates (1963) was used to estimate nr¡mber

The use of the term MPN is noË strictlyof Rhizobir:m in Ëhe samole.

correct (Thompson and Vincent L967). On1-y the number of posiríve and

negative tubes (regardless of the dilution) are required in the calcula-

tion. The method of Brockwell et al (L975) requires a series of positive

tubes Ëo calculate an MPN count and this poses problems especially r¡7hen

tubes with no nodulation appear ouË of sequence (ttskipstt). Skips
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usually occur aË low diluËions when the numbers of Rhizobium are low

and competition from other micro-organisms is high. skips were dealt

with by the method of rhompson and Vincent (L967, see vincent 1970).

Brockwell- et al!s table (L975) does not deal wirh all rhe potenrial

positive tube combinatÍons. Fisher and Yatefs method handles this

problem.

I^Ie have shown that the dviarfed seedling method can be used for

count.ing the number of Cicel Rhizobium in pure contaminated cultures,

and soils. This implies thaL the dwarfed seedling method can be used.

as the tttrap hostft for enumerating the number of Rhizobiurn in the soil

samples taken from the fields. This will enable us to understand. more

about the Rhizobiurq ecology, e.g. population variation with soil types,

depth, cropping history and seasons. rE. can be used to count the

background Rhizobium population and thus enables us to predict or

explain the performance of an inoculated strain under field conditions.

This Ëechnique has also been adopted as a routine technique for Cicer

Rhízobium identification at ICRTSAT. Moreover, this technique proved

Ëo be very useful in counting Cicer Rhizobiuro in peat inoculants and

thus is a useful tool in inoculum quality control. plate counting of

unsterilized or contaminated inoculants is very difficult because of

the problem of distinguishing between Rhizobium and soil bacteria.

Rhizobium are identified as colonies that do not adsorb the congo red

Íncorporated in the medium. However, this could be misleading because

some other bacteria also possess this ability. For example, the plate

counts of rndian peat inoculants gave a high population of Rhizobium.

However, the plant counls showed that they rdere not chickpea Rhizobium.

The cornmercial peat inoculants from RalIis Nitrofix, H-45 and NitrobacË
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company had 1ow plant counts indicating thaË they were very poor ino-

culanËs.

The leve1 of conteminanLs in the Indian inoculants range from

107 to 109. This is very high and not accepËable by Australian steri-

ILzed peat inoculum standards which state that the inoculum should con-

tain at least 109 Rhizobium cells/g peat and the level of contaminants

should be less than 106 cells/g peat (Thompson 1980). Only few of

the Indian s¡mples will pass Australian nonsterilized peaË inoculum

standards which sËate that the inoculr,m should contaín 107 to 108

Rhizobium/E p"at. It is, therefore, apparenË that the quality of chíck-

pea inoculants produced in India needs be improved and controlled before

it reaches farmers. The technique of using dwarfed chickpea as

Ëhe 'trapr host for counting chickpea Rhizobium is considered to be

a breakthrough in chickpea inoculant quality control and may help up-

grade the quality of inoculanËs produced.

lle used this technique to study the population of chickpea Rhizobium

in different soils, l"ocations, seasons, and depths. In general, Lhe

soils Ëhat never had a chickpea history did noË have or had very few

chickpea Rhizobium/g soil. The populations varied with depths and

seasons" The rhizosphere of five crops, i"e. chickpeas, pigeon pea,

groundnut, sorghum, and pearl millet were found to be stimulatory Lo

chickpea Rhizobium in the two soils used in the studies. Chickpea

rhÍzosphere had the highest stimulatory effect when compared to the

other crops" Chickpea Rhizobir:m population \Álas found to be highesË

when soil samples were taken over the plant at the end of the growing

season, and the numbers reduced when the sample was taken far away

fro¡o the plant. This implÍes Ëhat soil sampling technique is very
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imporËant in chickpea Rhizobium populaLion studies. The failure to

det.ect the differences between the fields that have chickpeas and

cereals at ICRISAT centre in the sunìroer of 1980 was due to the fact that

samples were taken far away from the plant. Therefore, the recommenda-

tion for soil sampling is that samples should be taken from both the

rhizosphere and nonrhizosphere, bulked and processed for counting later.

The instrument used in sampling aË different depths is another aspect

that needs Ëo be improved. The insLrument should result in the least

soil disËurbance as possible. It was noticed that r¿hen soil samples were

taken by using a Viermeyer tube and a hand hanmrering, more soil dis-

turbance in the first 5 cm resulted. Less soil disturbance at the 5 cm

was observed when sampl-es were taken by a 6 cm diameter gidding hydrau-

líc coring machine mounted on the bumper of a landrover. This mighË

be the reason why the populations aL the firsË 5 cm were as high as

5 to 15 cm in depth. The dil-ution factor of 10, six dilution steps

and three replicate tubes/dilution were used in the studies. Thís

might be another reason why we did not get an accurate counË. Increasing

the m¡mber of replicate tubes/dilution or lowering the dílution factors

results in more accurate counËing of the Rhizobiun. However. iË has

to be borne in mind that either increasing replicate tubes/dilution or

lowering the dilution factors requires more space, materials and time.

The effecË of different stickers on the survival of chickpea

Rhizobium on the inoculated seeds was studied, using both praÈe and

pl-ant count. It was found that all of the stickers under studies were not

differenË in terms of prolonging Rhizobium survival. This implies that

1ocally available stickers can be used to inoculate chickpea seeds

instead of depending on imported maËerials. Seed inoculaËÍon by using
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dífferent stickers or methods did not increase seed vield when compared

to the control. This might be due to the fact that the indigeneous

Rhizobíum populations were as effective as the inoculated strains

Ïhe finding Lhat our lime and Ca02 pelleting werê detrimental to the

Rhizobium indicaËed Ëhat other alternatives to pelleting require

studying. Plastic coating is suggested but may be expensive. Rhizobirim

embedded in polyacrylamide gel had been used successfully (Dou'unergue et

aL L97B) " The recovery of the inoculated strain was found to be higher

in the liquid inoculaËion treatment than the conventional seed slurry

method in all the fields under study. Therefore, a more effective

strain of inocul"m and an efficient inoculation method are required.

Liquid inoculation seems to be the ansr,¡er. However, our method of

1-iquid application vras not an efficient one. It required a lot of

labour and was not practicable. A machine used for liquid inoculum

application has been developed (schiffmann and Alper 1968, Brockwell

and GaulË L978, Brockwell et al 1978, 1980). However, these heavy

machines will not be suitable for the poor SAT (semi-arid tropic)

farmers" A low cost draught anim¡l drawn implement is required in

this part of the world. This is another area that needs studying.

The technique of identification of the Rhizobil¿rn using a high

antibiotic resistant marker (str 200) and a lower intrinsic antibiotic

resistanË characterístics proved to be useful. A l-ow intrinsic anËi-

bioËic characteristic could differentiaËe the indigeneous Rhizobium

population and at the same time iË could confirm the low intrinsic

antibiotic resistant pattern of the str 200 resistant strain. Except

in one case, all the fíe1d isolates from field B that were resistant

Ëo str 200 were found to have the same low intrinsic antibiotic
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resistant pattern as the parent strain.

exceptional isolate \47as from the native

native and a marked strain.

trrle are not sure whether this

sLrain or a cross bet.ween a

Regarding the application of low intrinsic antibiotic resistant

characteristics in identifying a strain of Rhizobium, iË is absolutely

essential that. every effort is made to naintain rigid control of the

experiment conditions. The potential sources of error of this tech-

nisue are as follows:

1. Medium composition. The concentration of all constituents of

the growth medium must be constant and should always be the same grade

from the same supplier. Ifany factors can influence Ëhe abil-ity of

bacteria to be resistant to any given antibíotic, e.g. the number of

ions available in one make of yeast extract may be widely different from

those in another brand and consequently iË is possible that the growth

of a given strain on some antibiotic, will be quite different if two

different brands of yeast extract are used on two different occasions.

2. llediurn sterilization and melting. Growth medium should always

be steril-ized and melted in the sane wav. If the medium is heated for

different periods of time or at different temperatures, its composition

may also vary, and hence affect the growLh as described above.

3. Antibiotics. The same supplier should be used as the strength

and f ormulation of some antibiot:i-cs may vary between manufacturers.

The potency of nearly all antibiotics will decrease with age particularly

when urade up into stock solution, so excessive amounËs of stock solution

should not be prepared. Repeated freezing and thawing of antibiotics

should be avoided as much as possible.

4. Mixing of antibiotics in media, Iflhen making up antibioËic
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plates) agar ternperature should be reasonably constanË (e.g. on every

occasion). Once the plates are poured some antibiotics will start to

lose activiËy, so that plates should be inoculated as soon as the whole

set of plates is prepared. Conversely, if the agar is cooled during

mixing ( - 45oC) an even distribution of antibiotic throughout the

medium m¡y not be achieved and strict comparisons between plates is not

possible. It is very important that the antibiotic concentrations in

the medir:m are accurately reproduced on each occasion.

5, Inoculum condition. Sensitivity to some antibiotics (such as

penicillin) may depend on cell growth phase, so it is very desirable

to use inocula of a reasonably uniform stage of growth. Inoculations

of cells in the stationary phase may result in survival to an exposure

of an anËibiotic to which they are normally considered sensitive and

Ëhen commence to grow after the concentration of an antibiotic in the

medium has dropped below some threshold value for activity againsË that

particular strain.

6. Thickness of plate. Tf the thickness of a medium in the plates

varies much, then the colony morphology v¡il1 be influenced, for example

slime may only be produced by large colonies and so it may be difficult

to assess the difference between control and antibiotic plates, if they

are of differenË thicknesses. Plates with bubbles should also be dis-

carded because of lack of homogeneity.

7. Drying of p1-ate. As plates must be used immediately, drying

may not be practical such plates must be stored inverËed to avoid cross

contaminat.ion between isolaLes, and the same procedure followed on

every occasion. If plates are dried this should always be treated

the same wav each time.



B. Contamination. Contaminated plates should be regarded with

suspicion as vJaste products may be synergistic with, or destroy, the

anËibiotics and these effects may permeate the whole plate, not just

the corner where Ëhe contaminanË is growing.

9. Fast and slow growing strains should be t.ested on separate

plates so thaË the fast growers do not out-compete with the slower

strains for nutrients.

It had also been noticed that some of

antibiotics used in this experiment could

Rhizobium sËrains. It is recommended such

205

the concentrations of the

not distinguish between

a concenLration be eliminated

ín future studies"

In conclusíon, the technique of using intrinsic antibiotic resis-

tance as a means of identifying strains of rhizobia in field trials

can be successfully used to examine some of the problems relating to

the behaviour of natural population of Rhízobium, and also of intro-

duced strains. Although basically sinple, the success of Ëhe technique

depends very largely on the accuracy with which the procedures are

carried out.
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APPENDIX 1. Composition of modified long Ashton
sol-ution as N-free nutrient sol_ution
(Summerfield et aI ISTT) "

o/lÒr-

it@SOU;7Ha0 v. ¿))

ñ tr7Ã

0.0408

o.277

L mL/r

rl_

NarMoOU"2Hr0

CoSOU"7Hr0

Disùil-led water

t_"81_

0"08

o"22

2"86

0"02

\J. ¿ÕO

11

I' LIDA
14

NaFe EDIA

K^SO,¿.4
xTrace el-ements

Tap water

Hcl- to adjust pH to 6.8

COi\trOSlTION 0F TRACE E'LE¡,ENTS

MnCl-2.4H20

CuSOU.5Ha0

ZnSOU.THTO

LIÞA
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APPENDIX 2" The effect of roof medium and cotyledon excision on eslima-
tion of chickpea Rhizobium in broth cul-tures (straì-n IC-2O46 and IC-
l28)x by the ptant-in_f ection dil_ution method.

TC-aOt+6 l$(
MPN

J-U-I¿Õ
Medium and treatment

Pl-ate Total+
counù tube

Pl-ate Total-+
count tube

Unwashed vermicu-l-ite; sand. ( f : f)

Whol-e seed y. oo

Excised cotyledon g.66

l{ashed verrni-cul-i-te: sand (f : f)
l{hol-e seed y. oo

Excised cotyledon 9.66

y. oo

y"oo

O"TB

LL/rs

o /1A

zh*

4"21+

l+.59

l+.21+

I "91+

l+"21+

5 "24

9.94

9 "91+

a -ai,

o-a/,

9.91+

9 "94

o /1R

vr8

o/rs h.zt+

r/ß L.5e

o/L8 L+"zt+

Lz/rS 8"2t+

o/Ls L+"zt+

LL/ß 7.9t+

Âs:r mcrì'i rlm

Whol-e seed

Exci sed co1-,rrì ed6¡¡

Grown for 7 davs
Dilution ro5-rblo

\o_l-Iu-tron/.

The factor

in yeast exLract mannitol- broËh, ten-fold diluted.
were used to inocul_ate the plarrts (3 tw5es/

for the JJ/" confídence interval on the IpN is + O,ó8.



A
P

P
H

\ID
IX

 3
 " 

IO
N

 g
ro

un
dn

ut
 R

h-
iz

ob
iu

m
a 

es
tim

at
ed

 b
y 

di
lu

tio
n-

pl
an

t 
in

fe
ct

io
n

r^
rit

l.r
 

nn
*.

"'l
 

aÄ
v!

¿
vr

r 
uv

vJ
-o

Jo
ns

 e
xc

is
ed

 g
ro

$r
in

g 
i¡r

 s
an

d:
ve

rm
ic

ul
íte

 m
ix

bu
re

 (
Z

:f)
, 

æ
d

co
un

t 
rn

et
ho

d.

ln
le

ek
s 

af
te

r
i.n

oc
ul

-a
tio

n
rF

^+
 ^ 

1 
*^

 
^-

i +
-l 

--
^

rV
U

d!
 

.[J
U

Ð
T

U
fV

ç
tu

be
s

a^*C
or

,,r
pe

a 
gr

ou
p 

R
hi

zo
bi

um
 s

tr
ai

-n
 C

B
-7

56
 h

la
s 

gr
oï

'rn
 in

 a
n 

ag
ar

 s
la

nt
 f

or
 /

 d
ay

s.
 3

 m
l o

f
st

er
ili

ze
d 

ta
p 

w
at

er
 w

as
 a

dd
ed

 to
 t

he
 s

l-a
nt

, 
sh

ak
en

; 
te

n-
fo

ld
 d

il-
ut

ed
 t

o 
m

ak
e 

a
se

ria
l- 

te
n-

fo
ld

 d
ilu

tio
n 

se
rie

s"
 E

ac
h 

dl
lu

tio
n 

w
as

 in
oç

ul
at

ed
 t

o 
6 

tu
be

s 
(t

 n
t/t

ub
e)

"
la "I

'P
N

 c
al

cu
la

te
d 

fr
om

 th
e 

la
st

 ó
 d

ilu
tío

n 
st

ep
s,

 3
 r

ep
lic

at
e 

tu
be

s 
pe

r 
di

lu
tio

n.
 

95
/"

co
nf

íd
en

ce
 in

te
ru

al
 f

or
 M

P
N

 i-
s 

+
 O

.ó
8.

lq lô

rn
^+

 ^'
l 

-^
^^

+
; 

--
^

rv
u4

r 
rt

E
ód

uf
 

vç

tu
be

s
Lo

g 
10

 n
o"

 o
f

pl
at

e 
co

un
t

te
ch

ni
qu

e 
us

in
g 

pl
an

ts
co

m
pa

re
d 

w
ith

 p
la

te

7.
LO

7"
10

*'
l 

^-
.+

jJ
rd

ru

/ 
m

1 
l'r

¡n
* 

l-'
/ 

¡r
4 

vr
¡v

vt
r

co
un

tD

7.
59

7 
.5

9

N
)

N
)



))q

APPENDIX 4" Analysis of variance of soil
veyed in different fields tn IgTg/BO"

Rhizobium populations sur-

Source of variation D.F"
T a.'a'l nf

F-r¡ti n qi oni fi îlnoÞrfq

1) Field a (Fine l4ixed'Hyperbhermic Deep Aquic ustorthent ? )NeirCr ø.lâñl¡rn nhi nl¡nar6r vvt¡r e¡4urlv9q

RepÌication
Depth

Error
avu(a

n\ /^.¿) rr-el-o o (t'rne
Chicþea grown

Renl i e:f,i n¡¡

Depth

Error
1 08aI

B 42.8720 5 "3590
^ô^^ô^1/t/F. )"<Y)v r"o4o)

L6 l_2"8t_80 0"801-l_

?6 58"9530

L/"

N. S.

si = o.3o

c.v" = 39"M"

season)

5/"

N" S.

Si = O"22

c,v. = l.}"fl"

51"

v,
S; = O.I4

c.v. = Zfl"

Ì\'r q

N" S"

Si = 0.14
c.v. = l.l+"f,"

5 r"2ggo o "2598 o "22 N. S.

2 3 "0780 r"53go r"2g N. S,

l_0 11"89ó0 1.1Sgó si = 0.45
L7 l:6"2730 c.v. = t6$o

Mi xerì Hrrncr,.l. hprmi e Tlccn A ¡rri n TIe* ny.f t-,a-* C \vrrv¿ rr[v uvvJJ f,!L(.4u UÐtrut.trllËLj.U ! )
2 years ago

o"oy

¿"vo

J)

4)

))

Fiel-d c (Al-fisol- - chr_ickpea i^ras gro!ùn in preceding
Replication 6 T "6joO L"275O 3"62
Depth 2 l-"1200 0.5óOO L jg
Error 12 t+.228O 0.3523
Total- 20 t2"99BO

Fiel-d d (Alfiso1 - chicþea \¡ras never grouln)
Replication 6 o "9630 O"tó05 t+"53

Depth 2 T.T38o 3"5690 29 "o5
Error 12 I"5980 O"I332
Tota1 20 l0.29go

Field e (Vertisol- - chicþea several_ times grovùn)

Replication IZ ó"0090 O"5OO8 I"g6
Depth 2 0.2670 o.L335 o "52
Error Zt+ 6"1330 0"255:-
Total- 38 I2"4OBO
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APPH\]DIX 5 " Analysis of vari ance of Rhizobium population surveyed in
different fields in ISTS/79 (poorffiTñver depth)

Source of Levef ofvariati-on D.F" s" s" M, s. F-ratio sierrificance

Field 4 T3 "78oL tB.445O 3t+"Tg

Error 3T I|.6:J5L o.53o:- Sï = o.5B

Total- 4f 93.3952 c .v. = ZT . j/"

M"
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APPENDIX ó" Analysis of variance for
Vertisol soil sanroìerì :f, different

MPN chicþea Rh-izobium in a
times ot- ttre-õ. -

Source of variation D"F.
Level_ of

F-ratio significanceM. S.

l)

2)

t+)

))

November 1!/8
Renli nrfeq

Depths
;ürror
Total.

l4arch lJf)
Fpn-l i nrf.aq

Depths

Error
'l!^+ ^ 

|
IVUil

June l-979

Rcnl ì n¡t oq

Depths

Error
Total-

August ltf9
Rcnl i ¡¡l.oq

Depths

Error
Total-

uecemÞer Jy'ly
Rpnl'i nri oq

Depths

Error
Total-

ó"0090

o.2670
/ a 

^^^o " L)JU

r_2.4080

11.3120

72"3380
12.2ggo

95.9480

7"9880
l Á ên"^rv. uvrv

L5 "OZLO

3g.8L2O

5 " 6790

t_]-" 1810
/ ^^^^o "\) ¿¿v

A ñr /^ó" (44\)

20"L72O
1 / 

^e 
| 

^J-o o u24U

4t+.9720

0.5008
n 'l ??Ã

o.2555

1 /1/^
J-O O-LOU

u" 4676

o.35j¡.

1" f4t_t-

, "JOUO

o. h2g2

0.8113

1" ¿)O¿

0.1978

I"24gLç

l+"03U+

o " t+587

N" S.

N. S.

Si = 0.1/r-

c.v. = Ll+.f,"

v"
v"

ùX = U"ZI

c.v" = l.6"y"

5/,

v"
sÏ = o"z3

c.v. = zo"q"

L/"

v"
ã 

^ 
1/

v^ - vôJU

¿
c "v" = LL"'f/o

5/"

v"
si = 0"24

c.v. = 2O"4"

)2

2l+

?A

I

q

4{

I

?(

),,7
-l

(

)

47

r. yo

o "52

t+"6o

hJ"I7

¿. oo
r7 Q2

4"t0
r_1.31

2.72

() "Õu

,7
I

5

47



,APPENDIX 7" Analysis of
Alfisol soil sampled

varia¡ce for ltPN chi ckne¡ Rhi znt^
at di-rrerent time!'iii;: ffi: 

r-n an

Snrrrno ^f ..^--i ^+'vvul vç Lr_L vd r-raul-On D.F"
Level of

I'-n¡Li n ci ani f 'r' -r a uru Þ_Lgt Lr.t. l_ C anC eM. S"

It

2l

3)

t+)

January 1929

Replicates
Depths

Error
Tota]-

I,farch 1979
Pa^'l -i ô ^+ ^-¿Lu!r..uuéuEÐ

Depths

Error
Tota]-

¿ul-Ie Ly'lg

Repìj-cates

Depths

Error
Tota]-

August l-tfp
Panlì e¡*aq

Ðepths

Error
.F^+ ^r¿uu- |

December 1979
Ïl-^l-i¡^*^-¡lvyuvauçÐ

Depths

Error
Total

.l Axn¡I øv)vv

1"1200

4."2280

l.2"gg8o

r_6" 7890
A . ,l l.-'t ¡v.ll+Jv

/ t / e¡o.Ao)u

29 "9950

^ -- /^Y.'(LÕU

9.6710

3 "8800
^^ ^/-^¿)"¿o(v

l-5.9390

11"1620

3.7290

30"8300

L2.73oo

6"5t5o

l+.237O

23 " \820

r"2750
n (1,rln

o "3523

2,7982

¿. ¿4'(u

o "3592

ro oryj

) ø¿¿)o

v "¿r)o

1"o)a)

3"7207

o"2072

2"r2r7
2"l-7r7

v " ¿)>4

N. S.

N. S.

si = o"zz

c"v. = trz"fl"

v"
L{"

S; = 0.23

c.v. = u+.q"

v"

v"
SÏ = O.l-8

c"v" = IL.q"

v"

v"
sl = o.r7

c.v. = IL"II"

v"
v"

Sx- = 0.18

c.v, = I2"5/"

A

L'

20

<"ó4

r.59

6

ìa\
-LÕ

)17

o

ìô
_LO

27

A

la

2n

o

18

<(

7.79
o"¿o

I Ll"yO

l.2"82

L( øYo

9.01

9,23
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APPENDIX 8. Analysis of variance
Mì wcd Fftmpn*lrormi n Tlaan Â-'-'¡r^vu ¿rJ.¡;vr urtcr lrrr/ uggp l+qu I C
different times of the vear"

for IPN chiclcpea Rhizobium in a Fine
Ustorthent (?) soïïGIã¿ at

Source of variation D.F.
Level of

F-ratio significanceM. S"

l\

r-)

-{,

r+)

Jarruary LJf)
RepJ-icates

Depths

Error
IUUdI

March 1979

Penlin¡*ae

Depths

Error
rvuil

June L979

Replicates
Depths

Error
Total

Decernber 1979

Replicates
Depths

Error
Total-

I.2ggo

3.o78o
1l_.89ó0
i/ro"¿()v

^ò ^i 
/^1ö.<,LO|.J

3.3L60
6"2080

37 "7!ao

42.2780

u.92ro
ó"8440

3t+"ot+3o

6"5ór,o

2r"955o

2"54oo

31'o5go

o "2598
r"5390
1.l_896

).o4t¿
I.ro53
o "t+I3g

<..4))o

+"Yt)(
v "4)o)

Lø)L¿O

7.3183
o.L693

N. S.

NTqT! O Uó

SÏ = o.45

c.vo = r9"f/"

v"
N. S.

sI = o.z6
c.v. = IT.4"

v,
a{"

SÏ = 0"28

c.v. = LO"f,"

L/"

g"

SÏ = O"U
c.v. : 20"f/"

10

117LT

I

t5

23

5

t\

23

l5
)?

va<,4

L"29

L)"o)

2"67

5 "38
10 "90

t.t)

t+3 "23
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APPENDIX 9. Analysis
rhizobia iri three

of variance of
¿IüfUÐ o

seasona-l- variation of chickoea

Source of variation NTì
Level of

F-r¡t.i n s'i oni fi ?2nFÞM. S.

'l)

.)

))

D n r:^r¡ !^lUa f! -L -LUI(-I s
Èt

q^*l -i.^^us¡lllJr¿¿ló

Error
IVUil

R^ fiel-d. td'

Rcnlinr*aq

q^'_] ì -- + -i *^ ^vé¡lljJ..ur¡Ë uJlll('ù

Error
Total-

P¡rìdrr fialrì lol
- ***.t

rLçP.uUd.lJgù

e^*li-- +-ì*^^uo¡lly..ur16 urlilçP

Error
rF^+ ^'ìIV U4¿

40

LJ+

6

1+

2l+

?t.

4

20

I "O4t+7

6"8306

l't+"8752

Lo "7750
2.18ó0

2"I+LBO

15 ")+o9o

3 "rg2o
+2e)))v

L5.OL2O
l1oJ-. ()Yv

2.OrLz

o. r_708

r"7958
o "5t+65

0.1020

o "638t+
-r ô oê"rlLV eA9)A

o "7506

v"
Ðx = u.Jl

tiC"V" = IlJ"ú/o

g,

v,
SÏ = O"l-2

c.v" = 7 "flo

N. S.

rf"

v^ - vø¿ì)

c.v. = 39,Ú"

1r.78

-t,l A-t

)")o

0,85

u"50



APPENDIX 10. Anaaysis of
^^-,,1 ^+.; ^-popuJalt-on survey t-n

¿5)

parameters used in chickpea Rhizobiumvaria¡ce of
summer 1980.

Source of variation Nl.
Leve} of

tr"-r¡fin oi-hif'r'-rduru >rgt.rL-raCâIJ.C€M. S.

1) MPN

Renl i n qJ-.aq

Fi-elds

Error
Total

2) pH

2"4000

r3o "9930
L6"6580

150.0510

o"0050

39 "0790
0.3050

39 "3890

o.0000

o"201_0

0.02t-0

^ ôô^^V e IZZU

1r-.2t_30

723 "L750
266 " 4r7o

t_,000.8050

3)

t*)

Renl i r. qf. a q

Fiel-ds

Error
Total_

E. C,

Replicates

Fields
Error
Tota-l_

Moisture content
Renl i nrf.oq

Fields
Error
Tota.]-

<'

2L

,'..P

2

2L

t,2

2

2L

t,2?

2

2I
h2

r- " 2000

6"2378

o "3966

o "0025
_L " rJOUy

o.oo73

0,0000

o "01_00

0"00f0

F /^/ F). orJo)

34"t+369
/ 

^t 
P^

v o )L+-))

o"3125

25t+.92

lB.gB

Vo00

5 "l+3

N. S.

v"
^ ^ ^/v4 - vo)v

c.v" = 20"f,"

N" S"

v,
ùX = U"U)

--¿c"v" = L.tþ

v"
Sx = 0.02

c.v. = r}"q,

N" S"

r{,

v^ - LøL+)

-Jc,v. = '¿O"rþ
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APPEI'{DIX l-}" Analysis of variance
gfam flrv rnnf rhì onq^l.o-o î.ndI ¡4¿vutsrrrvr v c

were grown in red soil_ in pots
nl rl

of clr-ickpea Rhizobium population per
non-rhizosphere soils, The pl_ants
and han¡ested when they were ó weeks

Source of variation D.F"
Level of

F-ratio significanceM" S"

r)

¿.)

<l

IEN per gram dry
Rpnl'i r. rf aq

Crops

Error
Total-

Crops

Error
fF^+ -'lavu4!

MP\T ner' ør.rm n'lri znqnlroro cni'l-- -. l--* ¿¡4avvlJrrv¿ v ev!tr

Replicates 2 2"L38I
Crops l+ IO "g/tÃ
Error I 2"79LO

Total_ 14 l5.9062

MPN per gram non-rhizosphere soil
Replicates 2 1"104ó

root
2

4

B

14

q

l-0

L7

r.7578
1^ 

^/ -1L¿. <O)!

2"3010

l.6.3239

3"7999

2"7025

7 "6olo

w oÒ (öY

v "¿ö lo

1.0ó91

¿. (4)>

o "7+93

^ 
,'1 EL^

o "2703

Jouo

IU"OO

J "uo
(.ö)

2.Ot+

<.èóu

N. S.

r/"

ùX = U"JI
c.v. = g")+/"

N. S.

v"
¡x = u.JA

c"vo = Ll+"f,"

N" S.

ì\T CI!O U'

SÏ = O"3O

cov" = a7"4,



APPENDIX l-2" Analysis of variance of chickpea Rh-izobium population per
gram dry root, rtr-izosphere a¡d non-rh_izosphere soi-l. The pJ-ants
hrere growrl in.black soil- in pots and harvested when they were 6
weeks o]-d,

Source of variation D.F. M" S.
l,evel of

F-ratio sisni ficance

l\L) l8N per gram dry
Êpnl'ì nrf aq

Crops

Error
Tota].

Crops

Error
Tota]-

root
2 0"10ó3
t/4 oo2)¿)

I 0.8330

u+ 7 "t+gI5

5 r"22gr
10 1.6038

L7 3 "786

/l

))

IPN per gram rtr-izosphere soil
Replicates 2 0"2892
Crops l+ 5.3369
Error I 0"6955

Total_ rL 6.3tt6

IIPN per gram non-rhizosphere soil
Replicates 2 0"8802

o "0532
'ì L"ê-r

0.1041

o "rM6
L"33tQ

o.0857

0"4404

o "245e
0.1604

n Ãl

L5 "7r+

1"69

L5.57

2"75
'i Ã2

N" S.
-tú^

Sî = O.f9
-;¿c.v" = ,"r"þ

N. S.

p/^

qî - n r.,u4 - v.Jl

c"v. = 6"y"

N. S.

ì\T ei!.Uo

sî : o"z3
,¿C"V.. = LZ'l#o
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APPENDIX 13 " The fornul_ae
Rhizobium per eram drr¡

a) WNle drw root"¿

b) ¡trN/S rhizosphere soil =

c) I\,PN/g non-rhizosphere soil=

to calcufate the number of chickpea
or dry soi]"

Dry root weight

Dr-r¡ r-hi zosnhoro qni lrlr4v uytrvr v ù9¡f,

I4PN estipçrted-from the sample x tgO x 1OO
40 x Percentage dry soil

used
root



APPENDIX 14"
number and
sol soil_"

Analysis of variance
nodul-e weight of the

of shoot weight, root
aìrñnq or^r^m i n nnl qó¡vvy¡¡ rr¡ }JvuÐ

239

,weight, nodule
containing a Verti-

Source of variation D"F" 't\,f Q
Level of

F-ratio significance

r)

¿)

a\

4)

Shoot weight/pot
Renlinq*ìnn¡vvlJ++v u e¿v¡¡

Treatment

Error
TotaI

Root weighl/poL
Pa^]i ^^+: ^-rlvy-uvourull

Troatment

Eryor
!vudtr

Nodule nunrber/pot

RepJ-ication

Treatment

Error
Total_

Nodul-e rveight/pot
Pa^]'ìn^*ì^*rlvy4requf vtI

Treatment

Error
TVU4

3 "639t+
til "82t+6

2"9283

54"3923

o"o2L4

Ir")r2M
o "7587

L2"2O75

7,982"8889

41078.2222

l_, 731" l_111_

13,792.2222

ó,688.888g

6,688"888g

3 ,31f " fl-1]
1ó,688"888g

1"8197
rì ar/aLL"Y)O¿

o.366o

o"oI22

2.856\
o.o94e

3,JgT"t,t,t15

2,O39 "l_11_1

)+32"7778

3,3/,¡.1¡.Ut¡,t,

3,344"41tt,tr

827 "7778

2/þ

Jlo

s---na<v^ - vø).)

cov. = fo"g/"

N" S.

Y/"

sx = o.rs
c.v. = 25"q"

-11
)70

N" S.

ùX = l_Z.Ul_

c"v. = r!"q,

\TC¡t o u.

N" S.

^ 

a / /-ùX = I_O"O.L

c.v, = 3f,g/"

2

+

14

¿

a1

Ll+

¿

<.

t+

2

2

4

4"97

)1,O I

?^'r2

g "22
r+"7L

4"o4

4"ol+
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APPENDTX 15"
and nodul-e

ArrurérJ ù_LÐ \rr
r^roì -l-'* nfvr v¿6¡¡u v¿

variance of shoot
the crops grown in

weight, root weight, nodul-e number
pots containing an Alfisol- soil-.

Source of variation D"F" M. S"
Level_ of

F-ratì o si øni fi cance

t\

"l

?l

tr)

., Iònoor wer_gnrlpot

Ronli nrfi nn

Treatment

Error
Total-

.,1
-fúoot i¡Iel_ght/pot

RepLication

Treatment

Error
Total-

.l
r\oou_Le nrlmoer/pot

Rcnlinr*inn

Treatment

Error
Total-

. -, INodu_Le weight/pot
Ronlìnri.inn

Treatment

Error
Total-

o.LoU+

17.6236

r"o573
19 "0854

0.0099

r.L635
o.0662
1 t^^/L"))Yo

372"2222
t /¡ FFF/

40J-"2))o
Lr630"l+U+l+

2r46t+"2222

2,t+66"6667

20,)+66"6667

9,466"6667

32rt+OO.0000

v. ¿v¿¿

t+"4059

o "r3zz

0.0049

v " )o2Y

0.0083

f86 " 111r

23o "7778
| 

^ñ 
/r r ì

4u /. or_rJ_

r,233.3333

ro,233"3333

2,366.6667

N. S.

v"
ÐX = U.,¿I

c.vu = fL"V"

N" S"

v,
ùX = U.U)

c.Y. = r|"q"

N" S"

N. S.

^ -- / /
ùX= ll"OO

c"v. = ß"5/,

N. S.

SÏ = 28,09
/¿c.v" = Jr"aþ

4

2

I

r4

z,

2

),

2

¿

t1

o "59

44"08

O "l+6

Or57

o "52
l+"32
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APPH'ÍDIX 1ó. Top weight, root weight, nodule number and nodule weight of
off-season chicþea grown in a paddy fiel-d and receiv-ing 2 or. l-O irri-gations" The plants vùere sampled at ó weeks after sowirrs.

l-0 Times irrigation 2 Times irrieation

rl-Top weight (g/plant)

Root weigtrt (g/pfarrt)
. t-r\ooule numDer/p]ant

r'32

W 6 -L<-

l-2"00

84"80

N" D"

N. D"

U

0Nodule weight (r:g/pfant)

N.D" = Not Determined
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APPENDTX 17"
pea crop.

The nunbers
The numbers

of Rhizobium added per g soil after chick-
are esti-mated from nodul-e and root mass.

Parameters Paddy Vertisol-

Àln ^+ -^¡"r ^^ Ä¿!vc vr r¿vuqreÐ//plant

No. of Rhizobium,/nodule

Plant population/ha

No. of Rhizobium added by
nodulF--

-. t -Root weight/plant (g)

3l+

LO7

1"1 x 105

No" of Rhizobium addedr/g root

No. of Rhizobium added by root

Total Rhizobium addedr/ha

One hectare furrow slice
weight (ke)

One foot hectare slice
weight (ks)

No" of Rhizobium
added per g soil

,7

10'

.0984

LO7

1.OB x 1011

- ^42)"4 x t_u

A2"5 x l-0"

I.36 x LO3 9-45 x ]lo3

3.71+ x ]:OB

o "r3g

ro7

_ ^11L.) X l_U

3.75 x l-013

3"97 x 106

1.1 x l-05

_ ^L2J") X I-U
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APPENDIX l-8" Rhizobium surr¡ival on inoculated chi.ckpea seed at different
days. The data e>pressed as log 10 Rhizobium/seed"

Strain
Storage dqy

9036 Death raLe/day IC-59 Death raLe/d.ay

I I Pl rf.e nnrrn*.-- f

0 6.n 6ô7
1 6"L6 ogz ó"18 O"1g

3 5.8t+ 0"16 ó"Or o"og

7 5.22 0. t_6 5 "6t+ o.og

nl Pl rnf. nnrrn*

0 6. )+9 6 "59
I 6"03 o. t+6 6.tj O "t+5

3 5"73 0"15 5"gz o"Lz

7 5 "32 0 .1_0 5 "7r o. 05
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APPENDIX l-9" Rhizobium sur-lriva-l- on inoculated
temperatures" The data expressed as log 10

chickpea seed at different
Rhizobium,/seed.

Storage temperatur" (oC)
Strain

YU)O
, /O^Death raLe/-C IC-59 Death rate/oc

A) Plate count
t

28

Pl-ant count
L

o" 4)

2"fro

5"hB

5, h8

o.o2

0"08

o.o2

0"07

o"u4

5 "75

o.uo

) "'(o

0.01

0.06

U oUá

0 "06
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APPÐ\¡IIX 20" .{nalysis of variance of different paraneters used in measurlng Nafixation of ó week o1d chicþeas grown tn field A.

Source of variation D. F" Mq
ï,evel_ of

F -¡¡t i 
^ 

ei ãhì Pi ^ --.¡ -r o uru orgrur ru utC €

1) Shoot weigh,
Ren] i ¡ rLa

TreatÍent
Error
Total

Replicate
Treat¡rent
Ermr

Total-

l+) Nodule weigh
Replicate
Treat¡nent

Error
Total-

(y'prant)
¡+

12

t$
o4

2.3920

2.8880

lo.3000
15.5790

o.oo20

0.oo30

o.o1l_o

0.0170

89.Àlóo

12r.O550

1,048.58ó0

r,559.0570

o.oo5o

o.oo30

0.0140

o.0220

10'59æ

6.g:-l.o

35.O28O

52.5370

u,876"2780
t+r396.2oæ

29,325.2750

18,597.7590

7,489.7oIO

5,298.\4@
23,985.26to

36,773.1Ð?Ð

o.5980

o.2410

o.2L5O

o.ooo5

o.0oo3

o.oo02

22.35t$

35.0879

21.8455

o.oou
o.o0o3

o.o0o3

2.6t+95

o.5759

o-7zge

3,7r.9.0695
?¡.Á. 

"Ã^r¿ev.¿¿v)

610"9¿32

I,812.\253

\ttt.5367
t+99"692!

2)

5)

6)

7)

Root, weight (g,/pfa¡t)
Rçìi-cate l+

Treatrnent )2
Errror 48
Total- 6L

Nodule number per plant

2.78 y/"

!. L¿. .t\. ù.

s; = o.2t
c.v. = 2l*.1"

2.5O N. S.

I <ô Àt c1. )v

sï = o.o7

c.v" = I2.4"

1.02 N. S.

1.ó1 N.S.

ùx = z.Uy

c"v. = t+2.Ø

t+.33 1%

1.00 N. S.

s; = o.or
c.v. = 87.TÃ

3"63 fi
o.79 N. S.

s; = 0.38

c.v. = ]:OLV"

6"09 t#
0.60 N.s.

€ - ìì 
^rv^ _ +¿.v/

c.v. = 68.T/"

4

12

t+ô

o4

(y'plant)
I.

72

Lto

64

unnles cr\y'VLarù/tr
Replicate l+

TreatmenÈ 12

Ernrr Lß

Total 6L

u¡¡p1es CZHI| C nodule/hr
Replì-cate L
Treatment W
Emor tß

N content (qC/pf"d)
Replicate t
Treatment ;
E¡rpr 

ÀS

o4

)" t)
0"88

t#
rI. ù.

sÏ = ro.oo
c.v. = 29.8ft

|¡^+ ^1 ol}
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APPü{Drx 21. Ana-ì-ysis of varia¡ce of different parameters used. in npasu.-i',gN, fixation of 6 week o1d chicþeas gror.¡n i¡ fj_eld B.

Souròe of va¡-iation ae LevéI of
F-ratio sign_ì_ficanceM. S.

1)

.)

<l

t-)

Shoot weight (y'prant)
Replicate 3

Treatment l+

Errrcr 12

TotaJ- t9

Root weight (g,/pfant)
Replicate 3
m-^ ^+ -^-r¿¡ edu!Ë¿u 4
Er¡'or )2
Total- lq

Nodule nunber per plant
Repli-cate 3
Treatment l+

Erro¡ J2

Total_ 19

Nodu-le weighb (g/prant)
RepU-cate 3
T¡eatment l+

Enm¡

Total-

12
'lo

pnnles C^H,/pla¡t/¡rz 4'
Replicate 3
Treatment l+

Er¡'or J2
Tot,al_ 19

ìrrþles C^IÌ, /e nodul-e/hr
Z--la! o "--*-r '"

Replicate 3
Treatment t+

Error Jz
Total 19

N content (ng/pfant)
Replicate 3
Treatnent t*

Ðrn¡r J2

Total- 19

o.t*4go

o'96æ
0.8ó90

2"28t4D

0.0010

o.oo20

o.0040

o.oo70

36.8t+3o

22.9690

2,t1 .2O9O

301.0210

o.0000

0.0000

o.0020

o.oo30

o.5510

o.u8o
3.o7Ø
3"7650

264.0t$o

48.9170
6ß.3s9o

956.3530

7r2.805r.
L,522.0379

t,'965.o349

4,199.8760

o.1497

o"24A7

o.0721+

o.0003

o.0005

0.0003

12.28IO

5 "7h23
20.1006

0.0000

0"0000

0.0000

ô 'l ê2ry

o.o3t+5

v.z)o)

88.0160

u.¿/,Y)
58.6t58

237 "6017

380.5095

t63 "7529

2.o7 N. s.

3.3t+ 5/"

s; = 0"13

c.v. = IO"5l"

1.0O N.S.

1"67 N. s.

ùX = U"U_L

c.v. = I3"5/"

0.61 N. S.

0.29 N. s.

t=z.u
c.v. = 4.Oq,

0.18 N.S.

s; = o.o1
c.v. = 1r6.fl"

o.72 N. S.

o.13 N.S.

Þx = u.¿,
c"v. = 7o.7fr

r.64 N.s.
o.23 N. S"

òx = J.oO

c"v" = 33.t&

r.45 N. s.
2"32 N.S;

s; = ó.40
c.v. = )2"&ft

6)

7)



APPÐ'litrx 22. r,nalysis of varia¡¡ce of diffe¡ent parameters used in measuringN, fixation of ó week oId chicþeas.grorrr¡ in fiel_d C"

Source of variati.on I_evel of
F-ratio signì_ficance¡t. s.

1) Shoot weight (y'pIa:rt)
Replicate 3
Treatnrent 6

- Error lA
Tota1 27

2) Root weight (Et/ptant)
Replicate 3
Treatment 6

Error l-6

Total_ 2?

3) Nodu1e nunrber per plant
Repü-cate 3
Treatr¡rent 6

I'¡ror æ
Total- 27

Ð Nodul-e weight (g/prênt)
Beplicate 3
Treat¡¡ent 6

Error ú
Total_ Z?

u¡¡nLes C^H, /pta¡t/n¡
Replicate 3
Treatment 6

Emor lA
lotal 27

p¡rpl-es C"H, /g noduJ-e/hr.4:-
Replicate 3
Treatnrent (,

Er¡or l_g

Total ZT

N content (nglpfant)
Replicate 3
Treatment 6

Er¡or 18

lotaL zT

0.08ó3 1.05
o.l_098 1':4
o.0820

o.oo07 l_.4o

o.o008 1.óo
o.0005

r9.5ta3 3"95
235.0228 47.90

4.9066

o.o013 3.33
o.o053 ]-3.25

o.0oo4

r..1870

a.6967

o-2037

o.2590

o.6590

r.t*z6o

2.391+O

o.0020

o.o050

o.0090

o.o1óo

58.6270

141.3700

88"3190

I,557.Og?Ð

o.ooÀ0

o.0320

0.0070

o.0430

,. )oLu

to.l_800

3"6670
17.tto7o

184.8710

1, ól_5.9070

299.5250

2,1_0o.3030

712.805l-
r,522.0379

I,g65.olt+g

4,199.8780

Ne

N. S.

si = o.r¿
c"v" = 22.%

N. S.

N. S.

ùx = U.UJ_

c.v" = ].6.Ø"

7þ

JÍ"

s; = t.11
c.v" = 2O"t%

7þ

lÍ"
sÏ = s.s1

c.v. = 37.tÍ[

t\

7)

6t.6237

269 -3]78
lt6"6tÐ3

237"Ør7

!8o.5095
ro9.7529

5.83 t%

8.33 Jg"

s; = 0.23

c.v" = 5o"#

3"70 y/"

f6.l-8 t/"
s; = 2.0À

c.v" = 32.%

2.16 N. S.

3.t+6 N. S.

s; = 5'24
c.v. = 25.&ft



APPENDIX
tion

23" Analysis of vari-ance of paramefers
of l0 week old chicþéas grov\rn in field

used in
A.

248

measuring N, fixa-

Source of variation D.F. M. S.
Level- of

tr'-rrl-i n qì -ni f '_*b.** l_c artc e

'll

/l

Tnn r^raì -1"* / - /^r --+ \¿v!, frvr6rr, \6/ yLqtu,/

Replicate I+

Treatment Iz
Error hB

Total- 6l+

N content (mg/pfant)

Replicate h

Treatment L2

Error 4Ê

Total_ 6l*

31.1034

6g "rszs
l.r5. M5r
2l'6.3t+6o

69,t92"723o

t+5,932"791+O

g4;826"7220

2Og,g5t"6t+oo

7 "7759

2.405r

u,298"1808
3,827.6828
r,975.5567

5/"

5/"

Sl = 0.69
-¿c.v. = ¿h")"þ

g,

N. S.

Sx- = l-9"88

c.vs = 3O"Ø"

3.23
1, " 

tll

8.76

L"9l+



.APPENDIX
tion

nt ^-^r--^'i ^ ^¡ 1râpi ¡nno nf nâfametefs-+" ðrrdry ÐJù ua v dt _Ld_lrug \Ja pd.r
of l-0 r^Ieek old chicþeas gror{n in fiel-d

used in
Ê

) /,o

measuri np N fi x.a--"Ò "2'-"

Source of variation N11 M" S.
Level of

tr'-rrfi n qi ani f '-*b,*,l-canc e

I ) Tnn r^reì ølnl. ( o /nl enf. '\
¿vy rvvr6rru \õ/ yl!4tv,/

Replicate 3

Treatment l+

-$rror 12

Total- 19

5 "3008
8.5l,lttt

8.6554
22"5005

F / 
^l2 ro¿4"> lru

6, jT7 .9680

LL,t+59 " 6800

23,662"2L90

L.7669

¿" L)Ot

o.7213

L,874.8570

L,6l+l+. t+92o

951+"9733

N. S.

l\Ì q
l! a uo

Sx = O. ¿'-Z

-^ ^.¿C"V. = LZ"ü/o

N" S.

I\T q

Ñ = t5"tr5
F ir 

- 
-l ,l ø/^vovo - Ll.alu

2"45

¿"Yo

r"96
L"72

^\ / I - . \¿) t\ conrenr (mglpl-ant/
Renlì n¡f.a

Treatment

Error
avu4

I¿

lq



APPENDIX 25. Analysis
^L-i ^t-^^^ ^-cru-clfpeas Srown l_n

of variance of
f;^ll n /c;.^^rrrç¿u ð \fIItd.J

n¡remet,ers userì in
1.ro^toot ì

meâsr)ri ns N- f-ì xation in'"ó "2 -*--

Source of variation D"F. M. S.
T,evel of

tr'-r:f.i n si oni fi ^1h^âerÉrJlr¿vdrug

r\r-J

2l

ll

Total- yield (Ks/ha)

Replicate l+

Treatment 12

Error Àþ

Total- 6l*

Seed yield, (Ke/ha)

Repli-cate f+

Treatment 12

Eruor 48

Total- 6f+

Seed N yield (t<s/na)

Replicate l+

Treatment 12

Error 48

Total 61+

2,076,1+63 "23LO
^ 

/t /¿ro4or4¿(.ttYv
1 / 

^^( t4Y ( y)4L.Iolu
L2,22O,23L"5390

Áêê Ã.7'r nÖLnvevl)f!ovuvv

8u+,553,4140

^ 
t /ã 

^F^¿r40( r¿)v"r¿uu
3,97O,381+"O2OO

371+"9280

sg7 "trJ3O

3,535"3Mo
t+,8o7 "6860

5Lg,rL5.B07B

22o "535 "59ì+g

156,L94"6077

I72,rt¿.77L5
67 ,e7g "L5J2

5L,4OI"zt+OO

93.7320

7 4.78t+t+
/ ea¡()"o)w

5/"
ir 

^1\. ù"

si = L76"75

c"v. = 23"t1"

51"

N. S"

s; = 101"3g

cçv. = 23"y"

l\Tq1!. Vo

N" S"

q--2Ô1.v^ - -/.et+

covo = 26"4"

3 "32
1.41

r.32

r"27
r_.02
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APPENDIX 2ó. Analvsis
ctri ckneas prown i-n

of variance of
f õ.trâtñ H rTan9 I

n¡nlmofa¡q rrcaÂ
r- ^*-^ ^+ \rr4VEÐtJ/,o

meâSuri ns N fi v.ation in
4

Source of variation NIl M. S.
l,evel of

F-ratio s'ì sn'ì ficance

r\

2l

Total- yield (t<g/na)
Ron]i en*a

Treatment

Error
Tota]-

Seerl rri F1 d (Kø/hA\u \ rrõ/ ¡¡s/

Fcnl i n rf-a

Treatment

Error
rVUü

99,709 "8770
t+98,tß5.67æ
n/¡ a¡,- ¿/-^(ou,¿u ( "2o (u

L1358 rhD3 "r22O

50,373 "93ho
L72,5Ls"5570

305,OgB.r35O

527,987.6260

522"6390

287,lL82O
3
37L")23O

1,18O"9À40

33,236"6257

L¿4rO¿L"4IV'

63 å5o "6306

t6,79t"3tt3
)+3,l,28.8893

25,42t+"8M6

L7t+.2I3O

7r"7955

30 "9269

N. S.

N" S"

s;- = t25 "s5
-¿c"v. = IL"r"/o

N. S.

ì\T q

*- = 79."73
/.¿C"Va = LL"U/o

xo/^//"
N. S.

òx= ¿"(ó
c.v. = LO.qo

?

L2

lq

I

L2

la

o.52

t"Y (

0"66

1"70

2"32

t\ e^^J ì\T --:^'iJ l¡r-/t--\)l ùeeu r\ yrerq \[g/na j

Replicate 3

Treat ment Lr

Error 12

Total 19
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APPENDTX 27. Procedures used. in d.etermining pH, E.c., avairabl_e N, p andK in soil- sarnples.

l) pH

20 g of soil is weighed into a lOO ml beaker and 4O ml- of water
added and stirued frequently for half an hour. Then the pH is estimated
j-n the soil suspension j_n the Elico pH meter. Rating: pH < 6.7 = acidi
6.7-8"7= normal; >8"7 =alkaline,

2) E.c"

The above soil- suspension is allor,ved to seötl-e and. the E.C" is
estimated in the clear supernataat tiq-iid with the solubridee.

Rating:

E"C. m"mho/cm Nature of thq soil
<0.8 Normal

0"8 - 1.6 Critical for salt sensitive crops
I"6 - 2.5 Critical for sa1t tol-erant crops

> 2.5 fnjurious to al_l crops

3) Available n-itrogen (arkaline permarganate method):

20 g of soil is taken in a goo mI Kjeldahl frask and 20 ml of
water added. Then 20 ml of O"3q" (treshly prepared) K MhO/, solirtion and
100 ml of 2"5/" NaoH sol-ution are add.ed followed by a few nãiling chips or
I m1 of liqdd parafin. The ftask is cortrected to the distillation set,
and the dlstillate is coll-ected in 20 nrl of w/50 u-so, till- the totat vol-ume
n^ñô< *n Ãñ *'l mL^ 4 4ww,ruÐ tru ,)v rILLo The excess acid is back titrated vrith N/50 KOH using the
mixed indicator (Bromocresol green in metlq¡I red).

Avail-able N/tra = X x 3L"36, where X i" the vol-ume
acid used i¡ the estimation. Rating ad.opted is <2go xg/yn
2ffi-360 Xg/na = medium; > 360 = high.

l+) Avaitable p (Otson's method)

or tne N/50

= l-owi

5 g or the soil- and a small- spoonful of activated carbon (Daxco,
which had been previously l-eached with ol-senrs reagent a number of times)
are placed in a 100 m] conical- fl-ask and 50 ml of Ofsenr s reagent ad.ded.
The ffask is shaken for hal-f an hour and filtered. A blanL( is sinrilarly
run" After rejecting the first 15 mf of the filtrate, 5 ml is pipetted
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APPENDIX 27. (continued)

inin e Ãc) m] rrn|¿¡¡slvic flask. About 25 nt of water is add.ed, fotlowed. bv/v Lt* É/t LtL vL vvqugl aù du(¿t,L¿ a 
-

5 ml of chloronolybdic acid. Then water is added till- the volume comes

to al-most 48 ml. Then 1ml of dil-uted starurous chlorid.e solution (0.!
ml of stock solution ùiluted Lo 66 mf) is added a¡d the volume used up to
the mark" The colour is allowed to develop for 10 minutes and then
estimated al 660 nm in the spectronic 20 colorimeter'with-in another 1)
minutes" From the previousl-y prepared calibrating cuïrle v¡ith 2 ppm P stan-
dard solutions ranging in volumes from o - 25 nre rhe avairabl_e p is
cal-cul-ated.. The avail-abre P (pp*) in the soil = x x l-oo, where x is the
ppm P in the fina-l- 50 ml as read from the graph" Rating adopted is:

(4 nnmÞ -'lnr.r. Ã 
- 

lai -^-Þ --r ypilr : ruwí 5 - 10 ppm P : medium; >10 ppm = high.
Note: Ol-senr s reagent l+2 g of sodium bicarbonate is dissolved

iJl water and made iln tn e lif.r-a, The pH is adjusted to 8.5 witn HCI or
NaOH"

Chloronolybdic acid 1l g of ammonium n'rolybdate is dissol-ved
in about 1OO ml of water kept at 5OoC. The solution is fil-tered if nece-
ssar]r and cool-ed to room temperature" Then d00 ml of 10 N HCl-ìs edderì-

shaken and made up to a litre and stored in a brown bottle.
stannous chloride stock sol-ution 0-q"): ro g of A.R. sta¡nous

chl-oride is dissolved i¡r 20 ml of conc. HCI- and then stored in a refriger-
ator" The solution is to be prepared fresh at l-east once a nonth.

-\, ) Availabl-e potassium

10 g of soil- is shaken i,\rith 50 ml of l- N neutral amnnnium acetate
fot 5 minutes and filtered. K is determined i¡ the filirate usine the
Fl-ame Photometer.

Available K (Kg/ha) = ppm K in the fit_trate x l_l-.2. Rati4g
adopted is: <1)) Kg/ha = lovr; 113 - 28o Kg/ha = medium; > 2go Kg/ha =

hieh"
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APPENDIX 28, Cal-culation of
L972) "

umol-es CrH, producedr/hr14-

where
qNLT
UoV^¡ll44
qNTJ
"""2"2

B:rank CZH,

Bl-ark CcH/,
¿+

VCF

unoles C,-,H, production (modified Dart et aI¿ h-

:lS.CrUU x Bt-ant< CZHZ - Btar,k

tffiJt,
tttul x

BV

Std WM

std c2H4

Time

VCF x BV x Sbd WM x 0"06
22")+ x SLd" C^H, x Time (min. )¿4

charb units reading of sanple C-H
¿"1+

chart units reading of sample C_H^¿"2

= chart units reaùing of blank CrH,

chart units reading of blank C,HU

vacutainer correction factor which is
equal to vacutainer volume/*t of gas
putting in the vacutainer

bottle volume (il)

CDH, VPM of the standard gas

chart rìni-ts readins of C^H, of the
-r--rt.¿4sranoaro gas

incubation time
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APPENDIX 29' Pfant N content determination using an auto-analyzer.

Tlar q¡-l o.-tJ oerrs:rci aïe ground. and d.ried at Tooc for 2l¡ hours. samples are

weighed (z5o otg for root, 150 rig for stem, 1oo nrg for seed. and leaves)

into a L25 nr Erlenmeyer flask" 4 ml of digestion mj-xbure are add.ed

(Hzm¿, contailing o"51" selenium) and digestion done at 3óooc usì:rg a

Tecetor Block Digestion. The digested material- is cooled. down, made up

ro 75 ml with disti].led water, shaken thoroughly to get a homogeneous

solution" The solution is then fed. to the auto-analyzer. The quarrtita-

tion of amnpnia is achieved util_izins the Ber*.helot Reaction in which

the formation of a blue indophenol complex occurs when ammonia is reacted

with sodium phenate fol-lowed by the ad.dition of sodium þpochlorite. The

complex i-s measured colorimetrically at 630 nm"
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APPENDIX 31" The components
biotic resistant method.

of YEMA used in
(tinger printing

low intrinsic anti-.\melnoo-/,

Compounds çml Io"7 -
Srrnnl ì or

1)

r.)

<l

t-)

L\
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MreSO,.7H^04¿
rI EUI

lfr"raIìnt_lo-L

Yeast exbract
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Distilled or deionized water

o.2
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t_0

l_

l2

l- l_

Chemical-

Chemical-

Chemical

Chemical-

464

Sarabhai M

Sarabhai M

ôrrùaraonâr lv.l

Sarabhai M

Difco

Difco Bacto
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APPENDIX 32. Recovery of inoculation
selected treatments using str 2OO
alone in 3 fiel-ds"

Rhizobium strai¡ 9036 tn 3
resista¡t characteristic

Replicate
Populati-on

(1ar' 1n vPirtl

*
Treatment
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APPTI{DIX 36

AND MINIMUM SOIL TT}ÍPER.{TURE MEASURED AT
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A?PENDIX 37. MPN

The numbers
repl ications

278

of Rhizobium calculated by using Fisher and Yates¡ method.
are calculated from 6 dilution steps (101-f96¡ and 3

per dilution.

No. of positive
tubes

No. of negative
tubes

l{PN/unit original
sample

Log MPN

1B

L7

L6

15

L4

13

L2

11

l0
9

8

7

6

5

J

2

1

0

0

1

2

J

I

5

6

7

8

9

10

11

L2

IJ

t4
15

16

17

18

<L.7 3

3. 89

8.61

L.73 x

3.75 x
8.61 x
1.73 x

3.75 x

8.61 x
L.73 x
3.75 x
8"61 x

1.73 x
3.79 x
B.B1 x

1.80 x

4.23 x
8.81 x

> 1.80 x

101

101

101

L02

102

L02

103

103

103

104

rc4

104

105

105

105

106

<0.24

0.59

0.94

I.24
L .57

L "94
2.24

2.57
2.94

3 "24
3 .57

3 "94
4.24

4. 58

/, o/,

5.26

5.63

5.94

> 6.26

Factor

FacËor

95% fiducial
95% fíd:ucj,al

ofMPN=I
of 1og MPN

for

for

limits

l iinits

4.18

= * 0"62
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APPENDIX 38. MPN of Rhlzobium calculated by using Fisher and Yatesr method.
The numbers are calculated from 6 dilution levels (10r-10b) and 6
replications per dllution.

No. of positive
Ëubes

No. of negative
tubes

MPN/uniE original
sample

Log MPN

0

1

4

5

6

7

36

35

JJ

5¿

J1

30

28

t'I

< 1.57

3.89

5. 50

8.61

1.21 x 101

1.73 x I01

2.52 x 101

3.75 x 101

5.81 x 101

8.61 x I01

1.21 x 102

1.73 x 102

2.52 x 102

3.75 x 102

5.81 x 102

8.61 x 102

1.21 x 103

1.73 x 103

2.52 x 103

3.75 x 103

5.81 x 103

8.61 x I03
1.21 x 104

1.73 x 104

2.54 x 104

3.79 x 104

5.90 x 104

8.81 x 104

l-.24 x I05

1.80 x 105

2.71 x I05

4.23 x 105

6.95 x 105

8.81 x 105

1.24 x 106
> 1.80 x 106

< 0.20

0.40
nço
0.7 4

o.94

1. 83

L.24

I.4L

r.57
t.7 6

L.94

2.08

2.24

2.40

2.57

2.7 6

2.94

3.83

3.24

3 .40

3.57

3.7 6

3.94
4. 0B

4.40

4.58
4.77

4.94

5. 09

5.26

5.43

5. 84

5. 94

6.09
> 6.26

zo

25

¿4

22

2l
20

lo

18

I7

t6
I5
L4

I3
t2
11

10

I
I
7

o

5

q

J

¿

I
0

8

9

10

11

L2

13

L4
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AppENDIX 39. MPN of Rhizobium estimated by usÍng
The numbers are calculated from 6 four-fold
ard 4 replications per dilution.

Fisher and Yates I method.
dilution steps (+I-+6)

No. of positive
tubes

No. of negative
tubes

rñ\' ,I'IPN/unit original
sample

Log MPN

0

1

2

5

6

B

9

TO

11

1')

13

L4

15

L6

T7

18

L9

,^

2L

22

¿J

¿+

¿4

22

2I

20

19

1a

L7

L6

15

L4

13

L2

II
10

9

B

-7

6

5

J

¿

1

0

101
1lu-
1

IU'

101
t ^l

101

r02

L02

IU-

L02

L02

L02

L02

tu"
103

103

IU

10"

<1.18

1.59

1"7 4

2.79

+ .1+¿

6.30

8. 89

1.71 x
1.80 x
2.54 x

3.61 x
5.L2 x
7.25 x

1.03 x

L.46 x
2.08 x
2.97 x

4.¿ö X

6.15 x

9.06 x
1.33 x
2.03 x

3.24 x
4.29 x

> 6.34 x

<0.07

0.20

0.24

u"4)

0.65

0. 80

0.95

L.23

r "25
L.40

1. 56

t.7L

- 1.86

2.0L

2.L6

2.32

2"25

2.63

2.28

2 "96
3.L2

J"JI-

3. 51

> 3.80

Factor for 95% fiducial
Factor for 95% fiducial

MPN = T Z.OT
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1 imits
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APPENDTX 40. MPN of Rhizobium estimated by using Fisher and yatesr method.

The numbers are calculated from l0 two-fold dilutlon 6teDs and 4
replications per dilutlon.

No. of positive
tubes

No. of negative
tubes

MPN/unit orlginal
s¡-p I e

Log MPN
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Jö

0

1

2

<0.19

0. 30

o.54

0.85

t.2I
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q?1

6.37

7. 58

9.03

1.08 x 101

1.28 x 101

1.53 x 101
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2.17 x 101

2.58 x 101

3.09 x 101

3.69 x 101

4.41 x 101

5.26 x 101

6.30 x 101

7.56 x 101

9.08 x 101

1.09 x 102

I.32 x 102

1.59 x 102

I.95 x 102

2.37 x LOZ

2.9I x 102

3.62 x L02

4.56 x LO2

5.83 x 102

7.67 x LO?

1.06 x 103

1.48 x 1'03

>2.09 x 103

< 1.26
;,^r.4ð
;-^L.IJ

T. ss

0. 08

0.20

0.31

0.40

o.49

o.57
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0.73

0. B0

0. 88
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1.II
1. 18

r.34
1 1.1

r.49
L.)t

r.64

t.72
]RÔ

1.88
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¿. L¿
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a.+o
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I
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