
4 -V

COMPARATIVE STUDIES OF DIFFERENT 
RHIZOBIUM ISOLATES INFECTING 

CHICKPEA (Cicer arietinum l.) variety BDN-9-3.

BY

-IT VITTHALRAO
B. Sc. (Agri.)

Dissertation
Submitted To The Marathwada Agricultural University 

In Partial Fulfilment of The Requirement 
For The Degree of

MASTER OF SCIENCE
(Agriculture)

IN

PLANT PATHOLOGY

DEPARTMENT OF PLANT PATHOLOGY 
MARATHWADA AGRICULTURAL UNIVERSITY 

PARBHANI - 431 402 (M.S) INDIA
1997



«L vL* si/ \L« ^ %1* tL *J> >L( ^ U# «i^ *1# U« ^ *A# ^ ^ *i» ^ »1* «j» ^ <1* 4* <4*^ ^ ^ ^ ^ ^ ^ ^ i^» ^ <^> ^ «|» »J» »p ^ *p ^J* »|» #J» #J» »|» q1* q» q»

Affectionately Dedicated 
to my

FATHER SHRI. VlTTHALRAO RAMRAO
MUNDHE

MOTHER SOW. PADMINBAI VlTTHALRAO
MUNDHE



CANDIDATE'S DECLARATION

I, hereby declare that, the dissertation or 

part thereof has not been previously

submitted by me to any other 

University or Institution

•for a degree or 

dip1oma -

PARBHANI

DATE; >/ &Q '99?



Dr.K.S.Kulthe
M» Sc . < Aq r i . ) , F:' h . D .

Assistan t Professor,
Dept, of Plant Pathology,
C o 1 1 e g e of Agricult u. r e ,
M „ A - UParbhan i (M . S . ) ' 431.402

CERTIFICATE I

This is to certify that shri. . Mundhe Shrikant 
Vitthalrao has satisfactorily prosecuted his course of 

research for pariod of not less than four semisters and that 

the dissertation entitled “ COMPARATIVE STUDIES OF DIFFERENT 
RHIZOBIUM ISOLATES INFECTING CHICKPEA idcer arietinum L. ) 
VAR. BDN—9-3." submitted by him is the result of original 

research work and is of sufficiently high standard to 

warrent it's presentation of the examination. I also certify 

that the dissertation or part thereof has not been 

previously submitted by him for a degree of any University.

Place   Parbhani
Date - 3o/oS//J9?



CERTIFICATE II

This is to certify that the dissertation entitled

" COMPARATIVE STUDIES OF DIFFERENT RHIZOBIUM ISOLATES 
INFECTING CHICKPEA idcer arietinum L.) VAR. BDN-9-3." 
submitted by shri. Mundhe Shrikant Vi tthal rao to the

Marathwada Agricultural University, Parbhani in partial 

■fulfillment of the requirement for the degree of MASTER OF 
SCIENCE (Agriculture) in the subject of Plant Pathology has 

been approved by the student's advisary committee after 

viva-voce examination in collaboration with the external

0 a f Ti i H0T n

Dr. S•D.Deshpande

( D r . A „ N P hadn .1. s )

H
i

Jj-
-Mr-f

eeoCJ>.L.0U1



ACKNOWLEDGEMENT

I feel great. pi<sa.sure in expressing my whole 

hearted sense of gratitude and indebtedness to my research 

guide Dr. K.S. Kulthe, M.Sc. (Agri.) Ph.D. Asst. Prof., 

D e p a r t m e n t a f P1 a n t P a t h o 1 a g y , C o 1 1 e g e o f A g r i c u. 11. u r e , 

Marathwada Ag r icu 11ural Un iversi t.y, Parbhan i , f o r h is 

i nt.e 11 ec tua 1 and excel len t. se 1 ect.1 an o f the research 

p rab1em, scho1astic an d keen in tres t con st an t en c au r ag emen t,

worthy guidance and generous co.operation during the course

of research work and preparation of manuscript.

It was my proud privilege to record my sincere 

thanks to Dr. V.R. Mali, M.Sc. (Agri.), Ph.D. (Czech.) FIPS, 

Head, Department of P1 ant Pathology, Co 1 lege of Agriculture, 

Marathwada Agricu1tural University, Parbhani, for hi 

va1uab1e guidance.

I am also thankful to to advisory committee

members Dr.. A.N. Phadnis, Asst. Professor, Dept. of 

Agricultural Chemistry and Soi1 Science and Dr. Kawle, Asst 

Professor Plant Pathology, College of Agriculture, M.A.U. 

Parbhani for their valuable suggestions and guidance from 

time to time .

I am also greatful to the Dean, Faculty of

Agriculture and Associate Dean and Principal, College of

Agriculture, Parbhani., for providing necessary facilities

during the course of investigation.



M y s ,i, n c e r e t h a n k s t g D r .1 H .S. K. o r e , D r „ N . I , V y a n j a n e 

D r .. B „ P. X u r u n d k a r „ Dr. G „ D . D e s h p a n d e , D r . D - D . N .1 r m a 1 ,

Prof .K .S.Rau.t., F.S. Pat.11 , P . A . Thombre and other st.a-f f 

members of Department, of Plant Pathology for their timely 

help during the course of investigation and preparation of 

manuscript.

I take? this opportunity to offer my personal 

t h a n k s t a S h r i M a d n e , S a n at p ,, B a d e , G u 11 e , C h ate, G i t e , 

S h i n de, N a q at r g a j e , M e h a r k a r . Ta n d 1 e , hi u n d h 6?, P a n d u , B i k k a d , 

Satpute, Kulkarni, Darade and other friends for their co- 

opration and inspiration rendered during my post graduation 

studies.

No words are enough to express my sincere gratitude 

towards my Bhauj .1 Shri.Ashok Sonwane and Sister Sow.Shobha 

Sonwane for their fervent encouragement in building up my 

educational career.

Finally I wish to express my thanks to those 

who haive helped me directly or indirectly during the period 

of present investigation.

Parbhani 

Date : 3. V „ Hund he



CONTENTS

S r.No. Chapter Page3 No

X » INTRODUCTION 01 -- 03

REVIEW OF LITERATURE 04 - 15

3 . MATERIAL AND METHODS i 6 ■- 27

4. RESULTS •~v r-i
K..} - 42

DISCUSSION ■ 48

6» SUMMARY 49 ..- 51

LITERATURE CITED I -■ XI



LIST OF TABLES

No Title Page No

Composition o-f Yeast extract manitol 
agar (YEMA) medium.

Composition o-f modified long Ashton 20
nutrient so1ution.

Number o-f nodules per plant as in-fl. 30
ueneed by va, r i ous Rh i zo b i um iso 1 a tes .

Modu 1 e -f resh weig ht per pi ant as in-f 1 32
uenced by var ious Rh i zo b i am i so 1 a. tes .

Nodule dry weight per plant as in-fl-- 34
uenced by various Rhizobium isolates.

Plant height per plant as influenced 35
b y v ari o u. s R h :i z o b ium isolates.

R o a t 1 e n g t h per pi a n t a s i n f 1 u e n c. e d 3 7
by var iou.s Rh i zob i um i solates.

Fresh weight per plant as influenced 39
b y v a. r i a u s R h i z o b i u m i s o 1 a t. e s .

Dry weight o-f plant as influenced by 40
various chickpea Rhizobium isolates.

Nitrogen content of plant as influenced 42
by various chickpea Rhizobium isolates.



Effect of 
on nodule

Effect of different chickpea Rhizobium isolates 
on nodule fresh weight per plant.

Effect, of different chickpea Rhizobium isolates 
on nodule dry weight per plant.,,

Elf feet, of different chickpea Rhizobium isolates 
a n p 1 a n t h e .1 g h t p e r p 1 a n t..

Effect of different chickpea Rhizobium isolates 
on root length per plant.

Effect of different chickpea Rhizobium isolates 
on plant fresh weight per plant.

Effect of different, chickpea Rhizobium isolates 
on d ry we i g h t. pe r p 1 an t.

Effect, of different chickpea Rhizobium isolates 
on nitrogen content per plan t..

R.h i zobxum .iso 1 a tes

LIST OF GRAPHS

No, Title of the graph
'0ill 

■ 
Q. 4-

! C
u 
ns

S
Z 

Q
.

U
L.

+> 
Of 

c 
D. 

m
L

aj a
4- J3 
:4- 

£
• ri 

J 
T3 

C





INTRODUCTION
The chickpea iCicer arieti^uis L.) belongs 

to ■family leguminoceae originated from south-west Asia is an 

important pulse crop grown in India.lt is cultivated in 

countries belonging to tropical and sub-tropical climatic 

regions.In india it is cultivated on large scale in Punjab, 

Hariyana, Utter Pradesh, Bihar, Madhya Pradesh, Rajasthan, 

Andhra Pradesh, West Bengal and Karnatak. (Vaidjja et.ai. 

1978).

It is mostly cultivated in rabi sesaon, as it is 

favoured by cool climate and morning dew . In Maharashtra it 

is grown as rabi pulse crop in black soils covering 433.6 
thousand hectares area and total production 205.9 thousand 
tonnes with an average of 475 Kg. ( Annonymous, 1995).

Chickpea is good source of protein containing 

about nineteen per cent protein in grains on dry weight 

basis. It provides quite a large number of amino acids, 

ma.llic acid and oxalic acid which are highly useful for 

intestinal disordes . It is known to supply 358 calories 
energy from 100 gram of kernals which is more than any 

legume crop except Lupin and Groundnut (Lokhande, 1982 ).

Legumes have played a prom in ant. role in increas.

ing soi 1 ni trogen level , there by boosting agriu 11u.ra 1 pra



duction. This is obviously due to their ability to fix at- 

mosphiric gaseous nitrogen in a symbiotic association with 

rhizobia. This is particularly more important since the cost 

of fertilizer nitrogen has increased several fold so also 

most of -fertilizer nitrogen drain off or leach from soil 

after application there by increases the cost of production. 

Mow a days there is trend to avoid chemicals those may be 

■fertillizer or pesticides so as to avoid pollution. Chemical 

■fertilizers also affects adversely soil natural condition 

and microflora in it.

The another important limiting factor in chemi­

cal nitorgen fertilizers is that they are imported which re­

quire foreign exchange;. Biological nitrogen fixation there 

fore,has greater relevance- Thus, use of more and more 

bio ter ti 11 izers can reduce the stress on import and there by- 

save the foreign exchange.

India is the world's largest producer of 

chickpea with 65 per cent of world's production . However,in 

India and also in Maharashtra per hactare production is 

quite low .. The low productivity is due to various reasons, 

among which less efficient population of native rhizobia is
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o n e a f t. h e i m p a r t a n t f a c t o r s . T h e r h .1 z o b i a n o d u 1 a t i n g 

chickpea are highly specific in infactivity and do not show 

affinity with any of members of known cross inoculation 

groups (Gaur and Sen, 1979) . This situation suggests the

need of inoculation and establishment, of efficient, strains 

of Rh i zob ium infecting chickpea.. Such strains must be able 

to produce effective nodules and able to compete local 

rhizobia. ,

Keeping in view these needs various

Rh i zob i um isolates are ijised in presesn t inves t igation wi th

•following objectives on g hick pea variety BDN-9

To isolate local RhiZobium isolate from chickpea.

Nodulation on host

F r e s h a n d d r y w e i g h t o f n o d u. 1 e .

4) Fresh and dry weightjof plant.

5) Root and shoot length of plaint.

6) Nitrogen content, of plant.





Chapter ;; II

REVIEW OF LITERATURE
2.1 General.

The symbiotic relationship o-f Rhi- 

zobium in chickpea was reported in past by many workers. 

Ra j u (1936) showed that Rhizobium in-fee. ting chickpea is 

highly specific in their nodulating ability and nodal ate 

o n 1 y c h i c k p e a c r o p H owe v e r , (3 a u r and S e n < 1979) rep o r t. e d

that some strains of chickpea rhi2obia could nodalate Sesba- 

nia bipznosa and Sesbanza sesban.

Boonkard and WCaVer (1982) reported 

reduction in native population oi cowpea rhizobia after 

■flooding,, Rupela, et. al . (1987) also reported that the

rhizobial population reduces to the extent of 100 folds, 

when fields were flooded with w*ter. This suggestexi a ne­

cessity of artificial inoculation of rhizobia in chickpea 

a r e g r o w n a f t e r f 1 o o d i n g „ R u p e 1 a a n d S a x e n a ( 1987 ) h a v e 

shown that population below 10'” per gram of soil do not 

cause modulation in chickpea. Response to the artificial 

inoculations were evident in the fields with such low level 

of native rhizobia 1 population

T h e i. n o c u 1 a t. i o n o f R h i z o to i u m w i. t. h s e e d 

have given equal yield with half of the recommanded dose of
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■f e r t. i 11.1 z e r w i t h t h a t o f f u. 11 f e r t. i 11 i z e r dose w i t h o u t. R h i -- 

zobium inoculation (Shinde st, ai. 1985).

2.2 Isolation of native Rhizobium„
Rhizobium are usualy isolated by using 

simpie isolat.ion techniqu.e „ The surface ster I ized nodu. 1 es 

are washed with sterile water and crushed in water blank. 

The bacterial suspension so obtained is diluted serially and

used -for plating. Bacterial suspension is streaked on so.

lidifled medium in petripiate. Yeast extract manitol agar 

medium was found to be most, satisfactory and has been used 

by many workers (Vincent, 1970; Vyanjane, 1973; Islam and 

Alfandi, 1980; Patil and Shinde,, 1980; Wyanne et. ai . , 1975;
J ad hav ,, 1985:: Rupe la and Saxena, 1987 ; Rawer, 1987;), Rhi-

zobiam grows we 11 on yeast extract man ,1 to 1 agar medium

produc ing ch;s r a c t e r .1 s t. i c w e 11 ,1 s o 1 a t. e d watery t. r a n s 1 u s c e n t

c. o 1 o n i e s. T h e R h i z o hi am d o not a b s o r b c: o n g o r e d d y e a n d 

there? by rhizobia can be well differentiated from other 

contaminants (Vincent, 1970)-

Vincent,, (1970) also suggested few criteria 

for the purpose of identification such as colony character, 

react, ion to con go red, gram reaction, cell morphology , 

growth on alkaline medium, growth on lactose medium, nodula- 

Li on on host etc ..
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2.3 Comparison of Rhizobium isolates.
The chickpea Rhizobium strains interaction shown 

that chickpea response to efficient strains. This has been 

reflected in increase in various nitrogen fixing traits like 

n od uIs number,nod ule mass, a c e ty1en e reduc tion ac tivity, 

plant dry matter content, protein content , leg-haemoglobin 

content, and seed 'yield., (Rai and Singh, 1977; Pati 1 and 

Shinde, 1980; Sharma et. ai . 1981 ; Gupta et. ai . 1982 ;

Vaishya and 6ajendragadkar, 1982; Balsubramanian et. ai., 

1983; Biller et. aI., 1985; Pawar, 1987).

Hadbane and Pati1 (1974) reported an increase in 

seed yield by 24 to 26 per cent with the inoculation of 

eight strains of Rhizobium. The various strains have shown 

different effect in seed yield of chickpea (lie hare hand an.t 

a n d R a n a., 19 7 7)

Is1am (1979) reported an incrc ase in n um ber of 

nodules from one to eighteen and in seed yield from 1.25 to 

1.51 tonnes per hactare in chic:kpea with the inocu 1 ation of 

eight, strains of Rhizobium. Rai and Singh (1979) reported 

that seed yield of chickpea increased by 13.9 to 29.8 per 

cent when inoculated with eight strains of chickpea Rhizobi­

um Gf.9 gave the highest yield increase followed by strain
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Gf.2, Of.6,Gf~7 and Gf.8 Where 26 to 28 per cent increase

was observed. However, there were no significant differences 

in nodulationand nodule mass, Ibrahim and Shaikh (1980) 

shown that strain 161-A was superiar over strain Cb-1189 in 

inc rcasing the seed y ielci.

Khatting and Ghonsikar (1981) studied five chick.

pea Rhizobium strains. They found that nodulation was highest 

with strain GA--7 while seed yield and nitrogen uptake with 

PBN strain . Batra and Rao (1985) Wh.11 e st.u.dying f our strains 

of Rhizobium observed that increase in seed yield was 48.2 

per cent, with a strain HAL), 24.5 per cent by strain IARI and 

23.6 per c ent with strain LSAU  80.

Brine r et. ai.,<1985) studied the interaction

between five strains of Rhizobium and four chickpea culti.

vars. They found that increase in all growth parameteres and 

nitrogen content was noticed with the inoculation of strains 

300,395 and 398.

2.4 Parametres of Rhizobium strain evaluation :
Several parametres such as nodule number, nodule 

•f reshwei.ght, nodu 1 e dry wei.ght, vo 1 u.me of nodu 1 es , raot
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I e n q t h , s h o o t. 1 e n gth, pi a n t d r y weig h t, plan t f r e s h w e i g h t, 

nitrogen content of plant, protein content of seed, oil

content of seed, yield of pods, straw yield , leg-haemo.

gl cabin content of nodules, nitrate reductase activity of 

.1.n t.ac t nodu 1 es , urei.des con t.ent o f leaves , tetraza 1 iu.m 

reduct se activity etc. have been used by different workers 

■for evaluating nitrogen fixing ability of Rhizobium strains 

(Law and Strajidom,1974; Annonymous, 1996; Kulkarni et. ai., 

1975 ; Dalela and Lodha1976; Hamdi et. ai . , 1978; Gaur et.

ai., 1980 ; Mundada et. ai., 1980; Nambiar and Dart, 1980; 

Elkan et. ai., 1981; Teixeira et. ai.,1981; Kremer and 

Paterson, 1980; Kremer and Paterson,1982; Kadam and Desi, 

1983; Sharma at. ai . , 1989; Vaishya and Dube, 1991; Rawat 

et. ai., 1991; Chandra, 1995; Pa1we and Kaw1e, 1996)

Various workers observed that artificial inocula.

tion of Rhizobium inoculation increase nodulation and steed 

y i e 1 cl. ( P a t. i 1 a n d S h i. n d e , 1980; I s w a r am et. ai. , 19 71 ; I s 1 a m,

1979; Sahu and Be bar a, 1972; Shrirarn and Samua 1 , 1976; Khat.

t i n g a n d G h o n s i k a r , 19 81 ) .

Iswaram et. ai . (1971) observed significant

increase in nodule numbner due to Rhizobium inoculation in 

Mung-bean crop. Patil and Shinde (1980) observed increased 

noduI ation wi th Rhizobium inocu1 ation in chickpea.Simi lar
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trend was noticed by Singh et. ai . (1979) in Pigeon pea

cu1tivars.

S hr i r am and Samua 1 ( 1976) re ported t. ha t Rh i zob i- 

um strains increase modulation which was reflected in higher 

dry matter production, higher nitrogen uptake -and it's 

t r a n s 1 a c a t .1 o n t. o t h e s e e d .

K h a 11 i. n g art d G h o n s i k a r (1981) studied f i v e 

strains of chickpea and found that strain G-7 increased 

nodulaton while PBN strain incracased seed yield and nitro­

gen uptake,,

Vaishya and Dube (1991) conducted the experiment

with twenty three Cultivars of Rhizobium and GJ.315 Variety

of chickpea. They found that these twenty three strains 

significantly increased nodule number , nodules dry weight 

and grain yield over the control. These isolates also 

sign i f ican 11 y d i f fer among themsie 1 ves a 1 so .

Rawat et. a1„ (1991) reported that Rhizobium

strain H-45 produced significantly more number of nodules 

over control and other treatments. Chandra (1995) reported 

significantly more number of nodules and nodule dry weight 

in case of Rhizobium inoculation over the control.
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Palve and Kawle (1996) while working with

b e a n B r a d y r h j izobium S y m b i o s i s f o u n d that Bradyrh

s i. g n i. f i. can 1.1 y increais e d n o d u 1 e n u m b e r , dry weight of

and plant dry weight over the control.

soy- 

zo b i u m 

nodu1e

Raju and Varma (1984) reported that there was 

significant increase in nodule number and nodule dry weight 

per plant due to Rhizobium treatment, alone or Rh i zob i um in 

combination with lower level of nitrogen i.e. up to 15 Kg M-. 

per hactare over the rest of the treatment of gram,

G a j endr -a g a d k a r a n d V aishya (1983) s hi o w n w i t h 

three years experimentation significant increase in nodule 

number.

Vaishya et, ai . (1983) found that seed inocu.ltion 

with Rhizobium significantly increased the number and weight, 

of nodules,, Singh et . ai , (1975) reported that application 

of nitrogen and phosphorus increased number of nodules and 

dry weight of effective nodules per plant. Balsubramaniam 

et . al . < 1980) showed t.hat mu. 11ist.rai.n ,1 noculation gave more 

nodules and higher nodule dry weight , similar trend was 

observed by Sawase and Pat.il (1984).
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Mair, e-t. ai „ < 1976) reported increase in mean 

dry weight of nodules due to inoculation over un inoculated 

control. Saxena et. al . ( 1975) reported increase in -fresh 

weight o-f nodules in inoculated plant over uninoculated 

plant o-f pigeon pea. More et . al, (1981) reported higher 

nodu 1 e weig h t due to hig her Rh i zob i um in qroundnu t r h.1 -■ 
sosphfe.

Pati1 and Medhane (1974) reported increase in 

dry matter content in chickpea plaint due to seed inoculation 

o-f different Rhizobiw® strains over un inoculated control » 

Reddy et. al.< 1978) cone Indeed that dry weight of black gram

was .1.nc reased when seeds we re t. r eated w i t h Rhizob i um inocu. 

1 am.

Maurya and Sanoria (19851) observed that the 

Rh i zob ium inoculation signiticantly increase dry weight, per 

plant in case of Bengal gram,,

S h anna et. ai . ( 1989 ) r e p o r t e d th a t R h i z o b i u m

inoculation have signiticantly increased plant. height, 

branches,, pods, root nodules per plant over the un inoculated

con tro1
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Rant and Kohire (1991) conducted experiment 
with various phosphorus ferti11ication level and alone 

Rhizobium treatment during 1980-81, 1981-82,and 1982-83. The

nodu 1 e number , nodu 1 e w.1 eght, dry matter per plant, n .11rogen 
accumulation and yield per hectare wee re -found to be signifi­
cantly increased in Rhizobium inoculation treatment over the 
uninoculated control during all these three years experimen- 
ta.t ion .1 nd i vidua 11 y and a 1 so in pu. 11 ed ana is .

2.5 Nitrogen content of plant.
The Rhizobium inoculation to the pulse crop in 

general increases the total nitrogen content of plant 

CKudbe, 1976 5 Shriram and Samuel, 1976s Azcon et. ai.,1979 5 

More et. al . , 1981; Ra j u and Varma, 1984; Sahu and Behara,

1972; Singh and Prasad, 1976).

Sahu and Behara (1972) observed that the nitro­
gen content of root, shoot and grain protein of groundnut, 

cowpea and green gram were considirably increased due to 

R. h i z o b i u m i. n o c. u 1 a t .1. o n .

Kubde (1.976) repor t.ed that R.h i zob i um i.noc;u 1 a t ion 

alone or in combination with phosphorus and sulpher sig-



nificantly increased nitrogen and phosphorus content of, 

g ram .

Shriram and Samuel (1976) concluded that, all 

rhizobial inoculant except IARI culture increased nitrogen 

up take by plant and it's t r an s loot ion to the seed in 

chickpea.

More et. ai. (1981) reported that Rhizobium in­

oculation supplimented with 15 Kg nitrogen per hectare have 

Shown maximum nitrogen uptake in peanut. Similar results in 

green gram were reported by Raju and Varma (1984).

Maury a and Sanoria ( 1982) Shown that. Rhizobium 

inoculation significantly increased nitrogen and phosphorus 

content of seed in Bengal gram.

Prasad and Sanoria (1984) reported that Rhizobi­

um inoculation significantly increased grain protein over 

uninoculated control in Bengal gram. They observed that, the 

crude protin was 24.18 per cent in case of Rhizobium treat­

ment where as it was 23.08 per cent, in uninoculated control.
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Rant and Kohl re (1991) conducted experiment, wi th 

various phosphorus level and alone Rhizobium inoculation 

treatment during 1980-81,1981-82 and 1982-83. The nodule 

number, nodule weight, dry matter per plant, nitrogen ac­

cumulation acid yield per hactare was -found to be signifi­

cantly increased in Rhizobiam inoculation treatment, over the 

uninoculated control during all these three years experimen­

tation individually and also in pulled analysis-
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MATERIAL AND METHODS.
3.1 Isolation of native Rhizobium isolate and sub-
culturing of Rhizobium isolates.

The plumpy pinkish nodules were selected for 

isolation from the chickpea plants grown in field of Agrono­

my Dept. Marathwada Agricultural University Parbhani, during 

R a b i s e a s o n 1995-96 . F or i s a 1 a t. i o n o f R h i z o biu m s i ngl e 

nodu, 1 e was u.sed - The nodu 1 e was separated caretu 1 1 y f rom 

r aot 1 eav.1.ng sma 1 1 porti.on of root, a11ached t.o the nodu 1 e . 

Module was further washed in running tap water to remove 

adh#6'"i.ng soil particles. The nodule was surface steri 11.1.zed 

by immursing in 95 per cent ethanol for five minutes and 0.1 

per cent mercuric chloride for three minutes. Further, the 

nodule was washed in six successive changes of sterile water 

with the help of sterillized glass rod and allowed to stand 

for about five minutes in starile water for soaking. The 

suspension obtained by crushing nodule was streaked asepti­

cs! ly on surfaice of acidified conqored yeast extract manitol 

agar (YEMA) medium in petridish. Composition of VEiMA is

given in Table .1. As the conqored stain was not absorbed by

Rhizobium but it is absorbed by other bacteria Vi z „ Agr abac.

t e rtu m t h e r e b y , t. h e y w e r e d i f f e r e n t i a ted f r o m R h i z o b i u m .

n tI he plates were incubated at. 28 ± 2 C temprature in 

BOD incubator, The plates were examined after three days of
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Table - 1
Composition o-f congored yeast extract manitol agar medium

Ingredia n t s Q u a n t. i t. y

D i st .1110d wa t.e r 1 1 iter

Manitol 10.0 g

M g a r a g a. r 1 5. 0 g

Pot. Hydrogen phosphat.e 0.5 g

Sodium sulphate 0.1 q

M a q n e s i u m s u. 1 p h a t e 0.2 g

Y e a s t. e x t. r a c t 0.5 q

pH 7
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.1 ncubat.ion da.11 y . The; bacteria 1 colonies appeared w.1 thin 

five to seven days of incubation. The Well isolated, 

raised, translusent colonies were selected and transferred 

aseptically to YEMA Slants in test tubes with the help of 

sterile inoculating needle. Sub—culturing was done till 

uniform colonies typical of rhizobia were obtained. The 

isolates were also mentaimed on YEMA slant throughout the 

period of investigation.

The isolates receivie.d from the Micro-biologist 

( pu Ises) , Aq r icu Ihural Research stat ion , Badnapu.r , Dist. 

Jalna were also multiplied on YEMA broth. The yeast extracts 

manitol broth prepared and filled in conical flasks having 

capacity 250nil,. Nearly 150ml broth was added in each coni­

cal flask. The identical growth was taken from sub-culture 

and added in bro -th in aseptic condition „ The whole proce­

dure was done in isolator! cham. her. The conical flasks were 

then kept on shaker and con tin sous shaking was giv. i n to 

p r o v i d e ae r a a t. .1 on t o R h i z o b i u m . T he s ha k i n g was given f a r 

seven days.

The isolate obtained from root nodule of chick 

pea plant col lected from field of Department, of Agrono wy,
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M a. r a t hw a d a Ag r i c; u 11u. r a 1 Uni v e r s i t.y , P a r b hani was u sed an d

c a 11 e d a s 1 o c a 1 c u 11 u r e i . e. P a r b h a n i 1 o c a 1 .
Congored 1.0 gm of Congored dissoved in 400mI of

disti 11 ed water and st.eri 11 ized 10m 1 of this congored so 1 u 
tion added in 1 liter of steri 11.1 zed medium before plating. 
3.2 Pot culture experiment.

The two pot culture experiment were conducted 

using twenty three isolates plus one alone nitrogen dose 
treatment along with one no nitrogen no Rhizobium inocula­

tion i.e.con. trol. Thus randamised block design experiment
with twenty- five treatments having four replictions was 

conduc ted

For nodule studies sand culture experiment was 

undertaken. For growth characters the soil, sand and farm 
yard manure based medium was used to conduct the experiment. 
In both the experiments the treatments and replictions numb­

ers were same. Details of treatments were given as follows.

-7 G — 13 t

CD G—16 G-19 G—29
38 8-4 1 0—43 G—47 G—49 G-51 G—61
64 6-69 G—72 G—75 6-83 G—87 G-103

6.110 PBN local Nitrogen Control

t C h i c k p e a R h i z o b i u m i s o 1 a t e .
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3.2.1. Sand culture expderiment.
The ability of isolates based an the production 

of nodules on chickpea was ascertained in pot culture trial 

conducted in screen house, Department, of Plant Pathology, 

MALI Parbhani The earthen pots of 9" size were used for

trial . The sand was sterillized in auto-clave at 1.5 Kg/cm'" 
vapour pressure with 12^0 temperature for 30 minutes and

used for experiment. The pots were filled with sterillized 

sand. The surface sterilized seeds of chickpea variety BDN--

9.3 were sown in these pots. Ten seeds were sown in each

pot and finally five plants per pot were maintained. Pots 

w e r e w a tered w .11 h s t. e r i 1 1 i. z e d w a ter. T o provie d d i f f e r e n t 

nutrients for growth of plant, a nutrient solution ( Table-2 

) was added at the rate? of 100 ml per pot at the sowing 

t.ime and 5m 1 per pot. every day there af ter .

The cu11ures under test were incaulated in the 

form of Rhizobium isolates sub-cultured and multiplied on 

yeast extract manitol broth for one week,

Twen ty two cu. 11ures p 1 us one 1 aca 1 i . e, in a 11 

twenty three cultures were tested in this experiment. In 

c.ontro 1 pots w.11h sterile water at. the rat.e of 5m 1 per pot.

was added.
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Table - 2
Statement showing composition of long Ashton nutrient 
solution.

Ingrediants Quantity

ligSo^ . 7H-;i o 

!<?HPo4 
Nafe Edta

K2So4
CaSo4

Distilled water

pH

0.233 g

0.175 g

0.041 g 
(5 ppm Fecl-.r>)

0.277 g

0.630 g

1 liter

6.8

Trace element solution

Mnc: 14,4H?o 1.81 q

CuSo4.5H2o 1.08 g

ZnSo4,7H?o 0.22 g

2,86 g

Na-jMoo^i. 2H-;,o 0.286 g

Dis ti11ed wa ter 1 1 i t. e r

1ml of trace element, solution 
so 1 u t. i on .

per liter



On the fortyfifth day of plant germination,

plant were depotted and modulation studies were undertaken■ 

Modulation studies consist of nodule number, nodule fresh 

weight and nodule dry weight.

3.2.2. Soil culture experiment.
A soil pot culture experiment was conducted in 

s tree n h o u s e , D e p a r t m e n t o f P1 a n t. P a t h o 1 o g y , M A U P a r b h a n i 

The earthen pots used were 9" size. The soil, sand and farm 

yard manure were taken in praportion of 50;25:25.

oThis mixture was then steri11 ized at 121 C with 

1.5 Kg/cm-, vapour pressure in autoclave for 30 minutes. 

Then pots were filled with this mixture,,

Ten surface steri11.ized seeds of chickpea cv 

BDIM-9~3 were sown in each pot Rhizobium strains multiplied 

on yeast extract manitol broth were applied just below the 

seed at the rate of 2 ml per hill. In control treatment, 

sttrile water was applied. The pots were watered with ster­

ile water. After germ.intion thinning was done and five 

plamts per pot were maintained ,.

On the forty.fifth day of the plant germ.inat.ion

the plants were depotted and used to measure different.



growth (rontribu ting characters V i z plant height,, root.

1 eng th,, f resit we .1 g h t o f p 1 an t, dry we .1 g h t. of plant, and

nitrogen cont.ent of plant.

3.3 Details o-f observation.
THe observat..ions were recordsd by using d i f f er~ 

en t. un i t.s and msasuremen ts , treatment and rep 1 ication w.1.se .

The average of five plants was taken.The data obtained from
#various experiments was subjected to statistical analysis as 

per methods described by Panse and Sukhatme (1967).

3.3.1. Comparative studies o-f Rhizobium isolates -for 
nodulation
For varioobservations on nodu. 1 ation viz .. 

nodule number,nodule fresh weight and nodule dry weight the 

nodules were collected per plant treatment and rep 1.1 cacti on 

wise after depotting of plants from sand culture experiment.

a) Nodule number.
The plants grown in sand culture experiment were 

depot.ted carefully . The root system was washed taking care 

that no nodules are lost in the process and physical count 

of number of nodu1es was done.



b)Fresh weight o-f nodules.
After uprooting the plants from sand culture 

experiment were washed carefully. The nodules of each 

plant were separated and weights were taken on electronic 

weighing balance

c)Dry weight of nodules.
The nodules were separated carefully from roots and 

dried in oven at. 60° C for 5 hrs. The last constant weight 

was recorded as dry weight.

3.3.2. Comparative studies of Rhizobium isolates for 
growth parameters.

The growth parametres vie plant height, root 

length, plant fresh weight and dry weight etc. were measured 

from p1ants depo11ed from soil experiment. The data obtained 

w a s b a s e d o n a vera g e o f f i v e p 1 a n t s p e r t rest-m e n t p e r

rep 1 i cat ion

a) Plant height.
Before depotting the plant, height was measured 

from soil base to the top of plant, by using a met-tfe scale.
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b) Root length.
After depotting the root length was measured by 

met.tre scale from stem root joint to the tip of tap root.

c) Fresh weight of plant.
After depotting, roots were washed and the whole 

plant weight was measured by using electronic weighing bal­

ance ,

d) Dry weight of plants—
The plants were oven dried at 60 °C ± 2°C for 5 

hrs. The last constant weight was taken as dry weight of

plant .

3.3.3 Nitrogen content of plant.

The oven dried plant (Root + shoot + nodules ) 

was ground to powder form and nitrogen content was estimated 

by Kjeldhal method (A.O.A.C. .1955)

toKjeldhal method of Nitrogen estimation.
Principle (NK^J^So^ present in HoSa^ Op extract

is decmposed by adding cone NaoH. The IMH-- evolved is ab­

sorbed in boric: acid solution. The ammonium borate formed is 

titrated with std. acid. From Volume of std. acid "/. N is

Calculated.
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Reagents for digestion
Cone. HNo^ Cone. H^So^ Cone. HCI04

Reagents for Distillation
1) o.o2N H^So^ Take 0.556ml of H^So^ and pjour it. in small

amount, of water make up; the? volumes to 1000 ml

2) 40 per cent sodium hydro;;ide (NaoH)

3) Boric acid; Indicator solution -• F'lace 80gm of pure boric 

acid {H-r-Bo-!-) in a five liter flask marked to indicated a 

volume of 4 litre, add about. 3800 ml of water and heat and 

swir.it the flask until the H-,.;Bo^; is dissolved, cool the 

solution, add 30 ml of mixed indicator solution prepared by 

dissolving 0.0990 gm of bromocresol green and 0.066gm of 

methyl red in 100 ml of ethonol.Then add 0.1N NaoH contine- 

ous1y until the solution assumes reddish purple tin^&( pH5.0) 

and make the solution to 4 litres by adding water mix the 

so1ution before use.

Procedure:
(A) Digestion
1) Weigh 0.5 gm of finely ground plant, sample and transfer 

it into a 50ml long necked reflux flask.

2) Add 4.4ml of digestion soultion

3) Heat very genthy until the material reaction sutasidis then 

most strong 1y
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4) Continue heating until the H^So^ is drive off and the 

HoSo^ is refluxing down the neck of flask.,

5) Continue the digestion until all traces of yellow colour 

due to residual organic: matter has gone and then heat for a 

further 20 minutes ( This will genrally need 1.3 hrs).

6) Allow to cool and carefully dilute with water.

7) Cool again and dilute to 50 ml in voulmetric flosk with 

water.

S) Digest, is ready for nitrogen estimation.

B)Distillation:
1) Pipette out 10 ml of digested material into distillation 

flask{500 ml).

2) Take 10 ml Boric acid indicator solution in beaker and 

places it under condenser. Ensure that tip of condenser dip 

,1 n to solution.

3) Add 10 ml of 40 per cent sodium hydroxide in distillation 

flask,

4) Start heating after making required connection.

5) Finnally insure that all nitrogen is received which is 

tested by a piece of red litmus paper.

6) Stop distillation.

7) Titrate it against 0.02 N H^So^ till green colour changes



to faint redish purple. Note down the turrets reading an 
calculate percent nitrogen in plant, samples.

Reac tions;
.1 ) H-TtBo-^+3NH^0H —> (NH4) ^Eto ^+'SH^o 
2) 2 {NH4) r..E'.o;-r+3H2Scj4 —>3 ( NH4) ?So4+H^Bd^
3 ) 3H?Sd4= ( NH4) yBoy>

(VOL.OF H?So4»N)*0.014*VOL OF MACE*100
VOLUME TAKEN *WEIGHT OF SAMPLE TAKEN





RESULTS
Chapter -IV

The results of the different experiments 

conducted in present, investigation are presented in this 

chapter.

4.1 Sub-culturing of Rhizobium isolates and their 
multiplication s

The twenty two isolates of Rhizobium were 

a b t a i n e d f r a m rnicrobiol o g i s t ( p u 1 s e s ) A gricul t u r a 1 re s e a r c h 

statian , Badnapur . 0ne cu 3. tu.re was .1 sa 1 ated f rom chickpea 

crop grown in field of Department of Agronomy, Marathawada 

Acj r ic u 11ur a 1 Un i ve r s i ty , Pa r bhan i. . T hese i so 1 a t.es we re

f lourishly multiplied on yeast extract, manitol agar medium 

having nutral pH. with incubation temperature of 30+2'~'C 

w i t h i n s e v e n d ays. All the i s o 1 a t e s p r o duced c i r c u .1 a r

transluscent watery raised colonies with entire margin. 

These isa 1 ates were then muItiplied on yeast extract manito1 

broth. The isolates grown well in seven days.

4.2 Pot culture experiment.
The two pot culture expriments Viz. sand culture 

and soil (soi1+sand+FYM;50:25s25 ratio) culture experiments 

were conducted having twenty five treatments with -four 

replications. Twenty five treatments consists of twenty two 

i5iolat.es from Agricultural Research Station Bad n a pur, one 

local from Parbhani i.e, isolated in laboratory of



(29)

Department of Plant Pathology, Parbhani, then one

treatment of nitrogen application and control without, 

nitrogen without Rhizobium treatment. Out. of ten seeds sown 

per pot nearly five to seven seeds were germinated per pot. 

Five plants of chickpea per pot were mentained for 

experimental purpose ,

4.3 Effect of Rhizobium inoculation and nitrogen application 
on nodule parametres:
3.1 Nodule number:

The data, pertaining nodule number in chickpea 

was presented in table-3 and depicted graphically (graph I).

It is evident from the data that twenty three 

Rhizobium isolates have shown significant increase in number 

of nodules per chickpea plant. The Rhizobium isolate G--72 

i n d u c e d t h e h .1. q h e s t n u m b a r o f n o d u 1 e s per- pi a n t ( 30.50) 

followed by isolate S-51 (27.50) and isolate G--69 (22.50).

These three meritorious isolates also significantaly 

differ from each other amo n g themselves.

The data shows that the nodule numbers was 

increased more or less significantly over the control 

indicated that application of Rhizobium increased nodule 

number. However alone nitrogen application reduce the 

n o d u 1 e s p e r p 1 a n t.,



Table 3

Treatmen t

G-7 
G.13

1. 1 75 
19.75 
15. /b 
10.,00 
14 „ 50 
19..25 
13 „ 00 
1250
14,„ 25
14,.00

-y .50
16 ,* 25
19.

.50
30,.50

'"ft .50
18,,00
15,,75
17,,00
19..50
16,. 00

Mean nodule 
number

G—61 
6-64 
G —1> 9 
G-7 2 
(3 — 75 
6-83

G— 103
0.110

PBN(local) 
Nitrogen 
Con tro1

Increase (7.) 
over control

84, 
197, 
66, 

180, 
123, 
41 , 
105 
173, 
84,“/ ri / < 

102, 

98, 
290. 
130, 
1 73,

39 
6 7 
67 
14
40 
84 
fo 7 
05 
39 
30

78
07
49
05

11

219 „ 15 I I
219 ,

123.40 
1 4 1 „ 1 3
176.59 

-■ ve

+

17 . D . at
0.454 

1 ,57

(30)

Nodule number per plant o-f Chickpea (BDN-9-3) as influenced
4* hby various isolates of chickpea Rhizobium on 45*:n day 

after sowing.
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4.3.2 Fresh weight of nodule.
The data pertaining to -fresh weight of nodule?

per plant as influenced by inoculation of different 

Rhizoh ium isolates in chickpea are presented in table--4 and 

depicted graphica11. y < graph II) .

The data clearly indicated that significant 

difference exists among the treatments. The significant 

increase in fresh weight was noticed in all the Rhizobium 

inoculation treatments over the control. The increase in 

nodules fresh weight was influenced by increase in number of 

nodules and also increase in nodule size.

The highest nodule fresh weight was obtained in 

isolate 6-72 (374 mg) followed by isolate G--64 (366mq) and 

isolate G--51 (362mg ) .

Reduction in nodule fresh weight, was noticed in 

treatment where only nitrogen was applied. This indicate 

that nitrogen application adversely affect the Rhizobiurn

activity.



T re a, t m e n t M e a n n o dul e I. n c r e a s e <'/.)
fresh weight over control

(gm)

G —7 0.339 17.38
G- 13 0.348 20.41
G--14 0.316 9.34
G..16 0.360 24.57
G..19 0.349 20.76
B—22 0.340 17.64
G—29 0.353 ^ at. « i. -_J

G—38 0.356 23 - 18
G—41 0.356 ‘T -j O

G—43 0.355 •| *--j O

G--47 0.343 113.69
G—49 0.335 15.92
G-51 0.362 •-i ar /at. vJ 2-0 111
G..61 0.336 16.26
G-64 0» 366 26.64 11
G-69 0358 23.88
G —72 0 „ 374 29.41 T
G—75 0.355 22 r 83
G-33 0.346 19.72
G-87 0366 1 6.26
G—103 0,342 18.33
G..1 10 0.346 19.72

PBM(local> 0340 17.64
Mitrogen 0.297 —v e
Con tro1 0.293

0.00092

(32)

Table - 4.
Nodule fresh weight per plant of chickpea (var- BDN-9-3) as 
influenced by various isolates of chickpea Rhizobium on 
45th day after sowing.

EJ
i w rO i-

* S

S 
*r~! 

C-i 
K

* 
vf

- til

C . D at 5% 0.00319
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4.3.3 Nodule dry weight.

(33)

The data pertaining with nodule dry weight of 

plants are presented in table-5 and depicted graphically 

(graph III).

The data cleanly indicated that substantial 

increase in nodule dry weight was observed in twenty three 

treatments, where Rhizobium isolates were applied over the 

c o n t r a 1 ( u n i n o c u 1 a t. e d ) a n d a 1 o n e ni t r o g e n a p p 1 i c a t. .1 o n 

treatment.

The significant differences amofn.g isolates -are 

also been observed. The inoculation of isolate G--72 

produced highest nodule? dry weight <22.06mg) . The? isolate G- 

64 and isolate (3-16 both stand second in merit with having 

nodule dry weight ( 18,9 9 mg ) per plant,, The third position 

was of isolate G-75 (18.15mg). Nitrogen alone application 

adversely affect the nodule dry weight (12.0&mg).

4.4 Effect of Rhizobium inoculation and nitrogen application 
on growth parametres of chickpea plant.
4.4.1 Plant height:

The relevant data on plant height as observed on 

■forty fifth day is presented in table --6 and depicted 

graphically (graph IV).



Table - 5
Nodule dry weight per plant of Chickpea (BDN-9-3) as 
influenced by various isolates of chickpea Rhizobium on

4» l>i45 day after sowing.

Sr * Treatment Mean nodule I ncrea.se
No * dry weight.

(mg )
over cont

1 . G—7 1799 i a. 98
Ur 13 18.04 19.31'T G— 14 19.99 18.98

4» e-16 18.99 p k «~jcp
5« G— 19 18.03 19.25
O » G—22 17.05 12 „ 76
/ a G—29 18.04 19.31
8 - G--38 17.06 12.83
9. G—41 16.06 6.21
10 (“} 4 17.06 12.. 83
1 1 . 6-47 18,03 19.24

0—49 18.02 19,18
13. G--5 1 18,03 19.24
14. 8.61 18.02 19 18
15a G--64 18,99 t V
1 & . B-69 18.05 19. -i8
17 6-72 22.06 45.89
18, G--75 18.15 20.03
19. G—83 18.09 19.64
20. G.87 18.11 19.78
21 . 6—103 18.08 1958—i '-y 6-110 18,12 19.84

PBN(locaI ) 18.08 19.58
24. Nitrogen 12.06 v 0

Can tro1 15.12 .....

S.. E. ± 0.017
C. D. at !::v% 0.057
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Table — 6

Treat, men t Mean plant 
height 

< cms)

Increase (%) 
over control

G- "■y/ 18.75 17 . 18
G~ ■ 13 1950 21 .87
0 "•14 19.00 18 .75
G- 16 18.25 14 .06
G--■ 19 19.00 18 . 75
G- 1S. 50 15 . 63
0 "" 18.50 15 «63
G-•38 18.25 14 . 06
6--41 19.25 20 ,31
G-■43 20,25 u tj 6
G-•47 19.50 21 .87
G--■49 20.25 25 . 56
0 ""•51 21.00 31 cr
G~•61 19.50 21 . 37
G~•64 17.00 6 •-> cr
G-•69 19.00 18 « / - J0.... -7 •-> 19.50 21 . 87
G-■75 19.50 21 .87
G-*0.3 19.50 21 - 87
0™-87 16.75 4 .68
G“-103 18.50 15 . 62
G--110 16.75 4 . 68

PEN ( local) 19.75 2 3 . 44
Mitrogen 20.50 1

0 . 13
Con t ro1 16.00 ——

I 11

II

S.E. ± 0.804
C „ D. at 57, N. o.

Plant height per plant of Chickpea (BDN—9—3) as influenced
4-hby various isolates of chickpea Rhizobium on 45 day after 

sowing.



G
ra

ph
 - 

iV

Ef
fe

ct
 o

f d
iff

er
en

t c
hi

ck
pe

a 
R

hi
zo

bl
um

 iso
la

te
s o

n p
la

nt
 he

ig
ht

 pe
r 

pl
an

t (
To

pm
os

t s
ix

 tr
ea

tm
en

ts
 al

on
g 

w
ith

 co
nt

ro
l).

N
itr

og
en

 Control
P

B
N

lo
ca

l

i 
* 1
1 
m n

il

G
-6

1

!! I 
I

G
-5

1
G

-1
3

00 05.
00

10
.0

0

15
.0

0

20
.0

0

25
.0

0



The? data presented in table shown that there is 

significant increase in height, of plant. The chickpea plant 

in control treatment had an average height of sixteen cm. 

The highest height was obtained in treatment number thirteen 

(G--51 isolate) followed by treatment number twenty four i .e. 

alone nitrogen application and G--47 isolate.

Of the twenty four treatments fifteen treatments 

have shown significant, increase over control. However, these 

fifteen treatments have no significant difference among 

themselves.

The result indicate that Rhizobium inoculation 

.1 n c r e a s e d c h i c k p e a p 1 a n t. h e i g h t. n u m e r i c; a 1 y sign .1. f i c a n t.

4.4.2 Root length:
The data pertaining to root, length of plant is 

presented in table -7 and depicted graphically (graph V).

The results of root. length are statisticaly 

nonsignificant. However, numerical increase in root length 

was noticed in all twenty three treatments over the control 

e x c e p t. t r e a t m e n t. n u rn b e r e i g h t i . e . iso 1 a t e G—3 8 .



< 37)

11 . 11 
1.85

G.7 15.00
G— 13 13.75
G .1,4 14.75
G--16 14.50
G.19 14., 25
G—22 15.12
G—29 15.00
G.38 13.50
G —41 14,00
G--43 14.25
G-47 13.75
6—49 14.50
G—51 14.00
G--61 14 ., 12
6-64
G.69
6-72 
G-75 
G-83 
B- 87
G.103
B- 1 10 

■'BN ( local ) 
Mitrogen 
Control

14. 
14 , 
14 . 
14, 
14 , 
14 , 
14, 
14 , 
16 . 
13, 
13,

75
00 
—> inr
c.r

c:;

00
37
00
75
50

111

11

S.E. ± 0.50

C.D. at 5% N.S.

Table - 7
Root length per plant of Chickpea (BDN-9-3) as influenced 
by various isolates of chickpea Rhizobiua on 45^ day after 
sowing.
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The highest root length was observed W> chickpea 

plant. inoculated with native-? Rhizobium isolate (16 cms) 

■followed by isolate G-22 (15.12c;ms) and isolate S-29 

(15cms).

4.4.3 Fresh weight of plants
The relevant data on fresh weight of chickpea 

plant is presented in table —8 and depicted graphically 

(graph VI).

Data presented in table-8 shown that there is 
significant increase in fresh weight of chickpea plant over

the control in all twenty four treatments.

The highest, p 1 ant fresh weight, was obtained in 
isolate G-72 (6.358 g) followed by isolate G-49 (6.223g) and 

nitrogen treatment (6.21 £3 g)»

4.4.4 Dry weight of p1ant:
The data pertaining to the dry weight of 

chickpea plants is presented in table-9 and depicted 

graphically (graph VII).

~rs he i n o c u. 1 a t i or i of Rhizobium iso 1 at.es and
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Increase (%) 
over control

4.46 
4.46
5.45 
3 R3 
5.31 
5.62 
4.97 
4.55 
4.89
4.46

I I

I

11.1

"r eat men Mean fresh 
weight of 
p 1 an t (g )

G„7 
0-13 
G-14
G— 16 
G--19 
G"~22 
6--29 
G—38 
13-41 
0 ~~ A C-’
G-47 
(3--4 9 
G-51 
G-61 
G—64 
C3—69 
6—72 
G--75 
G—83 
6-87 
6-103 
6-1 10 

PBN<local) 
Mitrogen 
Control

6.13 b 
6.135 
6.193 
6.098 
6.185 
,203 
, 165 
140 
160 
135 
173 
198

6.
6 . 
6. 
&. 
6, 
6,

6.
6. 
6 . 
6,

205
165
160

5.965 
6.1 18 
6.093 
6.065 
6.123 
6.128

S.E. ± 0,074
H.D. at 57. 0,0257

Table - 8
Fresh weight per plant of Chickpea (BDN-9-3) as influenced 
by various isolates of chickpea Rhizobiuw on 45 day after 

sowing.
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0,55 
0,28 
0.18 
0.26 
:l. 00 
1,02 
1,22 
1,07 
0.62 
0,38 
2.70

0.97 
1,02 
1,09 
1,32 
1.07

0,90 
0,95 
0 „ 99

re a tmen t Mean dry- 
weight o-f

......., ........................
p 1 an t (g )

G-7 1 .0188
1.9 •" 13 1 .0193
6- 14 1 .0197
G- 16 1 .0160
e- 19 1 .0200
G- 7'!? 1 . 0235
G- 29 1 .0153
e-38 -i.1 .0125
G-41 1 .0115
6- 43 1 ,,0123
G-47 1 . 0198
6- 49 1 .0200
0-51 1 ,0220
G- 61 1 .0205
G-6 4 1 .0160
G- 69 1 .0135
G "■ 72 1 , 0370
G-- 75 ■i

.1. .0222
Q - 83 1 „021@
G- 87 1 ,0195
G-- 103 •l.L .0200
G- 1 10 ■il „ 0208

BM ( i O C.‘. 3. .1 ) 1 .0230
Wit roqen 1 .. 0205
Control. 1,0097

11 I

In Croat 
aver r. or

e (%) 
11. m 1

S.E. ± 0.00078

C.D, at 57 0,0027

Table - 9
Dry weight per plant o-f Chickpea (BDN-9-3) as influenced by 
various isolates of chickpea Rhizobium on day after 
sowing.
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nitrogen fertil i2er alone application to chickpea p 1 ants in 

pot culture experiment significantly increased the dry 

weight. of plants over the control in which no nitrogen 

applied and no Rhizobium inoculation done. This clearly 

indicated that. Rhizobium inoculant and alone nitrogen 

application have significantly increased the plant growth.

The inoculation of isolate G-72 produced highest 
dry weight of plant <1.037 g) followed by isolate 6—22 

(1.0235 g) and isolate G-75 (1.0222 g).

4.5 Effect of treatment of different Rhizobium isolates on 
total Nitrogen content of chickpea.

The data pertaining to nitrogen content of 

chickpea plant was presented in table—10 and depicted 

graphical 1y (graph VIII).

The1 data clearly indicated that there was 

substantial increase in total nitrogen content of plant in 

all twenty four treatment over the control. The significant 

differences among isolates were also observed.

The inoculation of isolate 6.7S’ had significant.

effect on total nitrogen content of pi ant (3.803 per cent.) 

followed by isolate? 6-87 (3.613 per cent) and isolate G-13

per cent).



Table 10

„ 405 
u 52.:!- 
.315 
.413 
.220 
. 255 
.315 
,31.0 
. 350 
. 208 
.203 
113 

.215 

. 315 

.410 
„ 503 
.. 803 
.408 
.513 
61 3 
.508 
.210 
.410 
158 

. 120

6. 25 
6.09 
7.37 
2.82

2.98 
3,05

21 .89

Increase (7.) 
over control

Mean nitro­
gen content 
of plant

Treatment

G—7 
G-13 
6-14 
G-16
G.19
(3-22 
G—29 
6-38 
0-41 
G-43 
6-47
G.49
G—51 
G—6 1 
G—64 
(3—69 
G-72 
6-75 
6—83 
G—87 
(3-103 
(3-1 10 

PBM(local) 
Mitrogen 
Control

S . E „ 0.006
C.D. at 5% 0.019

Nitrogen content per plant of Chickpea (BDN—9-3) as 
influenced by various isolates of chickpea Rhizobium on 
45*"*1 day after sowing.
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C ha pter V

DISCUSSION
Ni.troqenous ferti 1 izers are expensive and need 

import -from other countries and there by require expenses o-f 

■foreign exchange. This situation is not favorable for 

economy of deve 1 oping con tries I ike India . Henc:e i t is 

n e c. e s s a r y t a f i n d out maximum p o s s i b i 1 i ties a f n i t r o g e n 

f er t i. 1.1 z e rs su bs t i. tu t i on by b i o 1 og i c: a 1 n i. t. rogen f i. x a t .1 on . 

The wide gap between the nitrogen requirment and its 

production, the soil water pollution hazards, where it is 

being used on large scale, has created reservation in the 

use of nitrogenous fertilizers. Among the various biological 

nitrogen fixation system symbiotic; nitrogen fixation

association of legume Rhizobium symbiosis is the? most 

efficient nitrogen fixing system, which account nearly 

t. w e n t y m ill o n m e t r i c t o nes o f nitrogen p e r y ear (S u b b a r a a , 

19 £12)

Chickpea is the third widely grown grain legume 

in the world and nodulated by highly specific Rhizobium 

strians. Chickpea Rhizobia do not show affinity to any of 

the members of known cross inoculation groups (Raju, 1936).

The poor nodulation in chickpea accounted for 

1 o w p o p u I a t. .1. o n o f R h i z o b i u m i n t. h e f i e 1 cl s w h e r e c h i c k p e a ' s 

are not included in the cropping pattern or due to exsitance 

of inefficient Rhi.zohi.al population., In this view efforts



are needed for searching the efficient strains to see

adapt-abi1ity to our aqroclimatic and soil situation of our 

region.

During the course of investigation different 

chickpea Rhizobia isolates were obtained from microbiologist 

( pu. 1 ses ) Agr i. c u 11u r a 1 Resea rc h s ta t .1 on ,, Bad n a pu. r an d on e

Parbhani 3,oca 1 isolate, iso 1 at.ed from the root nodu 1 e an

chic k pea p1an t grown in the fie1d of the Departmen t of 

A g r o n o m y , M a r a t h a w a d a A g r i c. u 11 u r e Li n .1 v e r s i t. y , P a r b h a n i .. T h e 

isolates were studied for their nodulation characters in 

sand culture experiment. The isolates studied for their 

effect on plant growth were studied in soi1, sand and farm 

yard manure < 2 ; 1 ; 1 ) cu 11ure experiment,.

The Rhizobium isola tes were f oun d t o be

sign if i can tel y superior in ail most all parametres over the

c o n t r o .1. » T h s d i f f e r e n c e s at 1 s o ex.uSJb between variou s 

i s o 1. a t. e s a 1 s o „ T h a n i t r o g en f i k i ng a b .1 lit. y 1. s m o s 11 y 

governed by nodu 1 e numtaer , nodu 1 e dry we.1 ght. and presence af 

1 eg - haemog 1 ota i n . I n pr esen t in ves t ig a t .1 on all t he Rh i zo h i u m 

isolates studied increased by nodule number significantly. 

The highest nodule number was found in isolate G--72 followed
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by G-51 and G.69. Similar trend of results are also been

reported in India and abroad. (Raju and Varma, 1984; 

Gajendraqadkar and Vaishya, 1983; Vaishya, et. ai . , 1983; 

Is war am, et. ai, , 1971 ; Choudhary, et ai, 1975 ). Is war am

et. a.i. (1971) observed ten fold increase in nodule number- 

due to Rhizobium inoculation in mungbean. Raju and Varma 

(1984) reported that there was significant improvement in 

nodule number per plant due to Rhizobium treatment.

The application of alone nitrogen reduced the 

nodule number per plant in present investigation. Similar 

resu11s are a1so been reported by Sundaram, et. al.il979); 

Joseph and Hetherington (1984). Hernandz and Hill (1973) 

shown that aval 1 ibi 1 ity of nitrates (No-?; ) from fertilizers 

inhibit the production of nodule. This might have been 

attributed to the tedency of plant to take redily available 

nitrogen rather than nitrogen through symbiotic: process. 

However, the nodule numbers were found to be increased at 

lower level of nitrogen (Raju and Varma, 1984).

As the fresh weight and dry weight of nodule is 

one of the criterians in modulation character, these studies 

were undertaken in present investigation. The fresh weight
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of nodule was found to be increased significantly due to 
application of Rhizobium inoculants. Si mi liar results are 
a1so been reported by Pati1 an d Medhane (1974). 1n present 
investigation the Rhizobium isolates shown significant 
increase in dry weight of nodule. The other workers from 
varies centre also shown similar trend in chickpea and other- 
pulses. (Choudhary et.ai., 1975; Patil and Medhane, 1974; 
Reddy et.ai. , 1978; Mourya and Sanoria, 1982; Raju and 
v'arma 5 1.984 )„

The Rhizobium inoculations have increased the 
plant height and root, length. Similar results are also been 
r eport e d ta y rn a n y w o r k e r s . (8 h a r m a e t. a I. ,1989; H e d h a n e a n d
Patil, 1974; Saxena et.al.,1975).

Fresh weight, and dry weight of chickpea 
inoculation with Rhizobium isolates were found 
increased significantly over uninoculated control in 
i n v e s t i g a t i o n .

Pati1 and Medhane (1974) reported that seed 
inoculation with differnt strains of Rhizobium in gram 
inc reased the dry weight signi.fican 11 y .

p1 an ts 

to be 

present
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Shansky ( 1977 ) reported that the n i trogen app 1 i-- 

c a t i o n d o n a t s t. i rn u 1 a t e n o d u I a t i o n a n d d r y m a 11 e r a c c u m u 1 a -

tion i n soybean c ro p ..

Reddy et,al, (1978) concluded that dry weight, of 
black gram increased when seeds were? treated wit la Rh i zob i am 

inoculation. Raut and Kohire (1991) observed that there was 

significant increase in dry matter per plant over the 

control.

Azcon et-ai. ( .1.979) stated that q 1 omous 

inoculation plants of Medicago sativa , the inoculation of 
Rh i zob i urn wars effective and it increased plant. dry weight 

nearly b y 5 0 p e r c: e n t.

In present investigation it has been observed 
that inoculation of chickpea steeds with Rhizobium isolates 
increased the nitrogen content of plant. However., isolate G- 
72 had given highest nitrogen content of plant followed by 
B--87 and G~13.

Increase in nitrogen content and there by 
increase in protein content of plant, also been reported by
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many workers. (Sahu and Behara, 1972; Prasad and Sanoria, 

More et.ai,, 19895.

Sahu and Behara (1972) observed that nitrogen 

content of root, shoot and grain in groundnut, cowpea and

greengram were considerly increased due to Rhizotium 

inoculation.

Prasad and Sanoria (1982) reported that 

R h i z o b i u m i n o c u 1 a t .1. a n s .1. g n i f i c a n 11. y i n c r e a s e d g r a .1 n p r • o t e i n 

content over uninoculated control in Bengal gram.





SUMMERY
Nitrogen is an important plant nutrient playing 

a key role in growth and crop production.. Nitrogen 

availability of our crops comes through two sources i.e. 

i. n a r g a n i c c h e m .1 c a 1 f e r t i 1 i z. e r s a n d b i o 1 o gica 1 n i t. r a g e n

fixation (symbiotic and by free living micro.organism). In

present. investigation the various Rhizobium isolates were 

s t u d .1 e d for t. h e i r a b ill. t y o f f ix .1 n g n i t rogen symbi o t i c. a 11 y .

The nitrogen fixation and it's supply to the 

plant generally expressed in terms of increase in effective 

nodule number, nodule dry weight, plant dry weight, and root- 

shoot length. Thus, these parameters were considered for 

study in present investigation. The two pot culture 

experiments Viz. sand culture and soil, sand, F.Y.M. pot 

culture experiments were carried. Data pertaining to these 

growth parametres was subjected to statistical analysis. 

Results of these data tables were statistically significant 

except root-shoot length,, Over all when all these parametres 

studied if was found that increase in parametres was noticed 

in Rh i .;rob i um isa 1 at.es inocul ations over t.he uninacu 1 ated

control. Of the twenty.five treatments studied the effective

nodule numbers were highest in gram Rhizobium isolate G- 

72(30.,50) followed by G--51 (27.50) and G-69 (22.50).. As 

regards the nodule fresh weight, the highest fresh weight
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was recorded in G-72 -followed by G--64 and G-51 . The isolate 

G-72 -fallowed by G-64 and G--75 shown the sequencial decrease 

i n n o d u 1 e d r y w e i g h t..

The soil, sand and FYM pot culture experiment, 

the satast.an t ia 1 increase in shoot.—root length, f resh weight,

dry weight, and nitrogen content of plant was observed where.

ever Rhizobium isolates were tried over the uninoculated 

control. As regards the plant height isolate G-51 had shown 

21 centimeter shoot length which had shown 31.. 25 per cent, 

increase over control which was followed by alone nitrogen 

a p p 1 i c a t i o n a n d i s o 1 a t e 6 - 4 3 ,. Obser v ations o n r a a t 1 e n q t h 

indicated that highest, root length was noticed in Parbhani 

local isolate followed by G-29 and G—7. When fresh weight 

was s tu.d i ed i t i s f ound tha t. f resh we .1 g h t. o f c h i c k pea. was 

more in plant inoculated with G-72(6.35g) followed by G--51 

( 6.2 2 g ) and P a rbh a n .1. I o c; a 1 (6.21g) .

The rnost. reliable cri teria of grawt.h .1. . e - p 1 an t 

dry weight was also been undertaken in evaluating chickpea 

isolates in present, investigation. The highest plant dry- 

weight was noticed in 6-72 ( 1 . 03g ) -followed by G--22 ( 1.02g )

and G-75(1.02g) . The Rhizobium isolate inoculations and

alone nitrogen application treatement i.. e „ in all 24



treatment nitrogen content of plant significantly increased

over the uninoculated and no nitrogen given control. This 

data clearly indicate that Rhizobium isolates fixed the 

nitrogen symbiotically and translocated it into the host 

plant. Nitrogen content of the plant was increased in 

isolat.e G-72 f o 1 1 owed by 6~87 and G-13 .

When all the parametres under study were seen, 

it is observed that isolate G--72 rank first in merrit.
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