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INTRODUCTION

The nitrogen requirement o f  crop plants la  met either 

by the mineralisation o f native s o il  nitrogen or by the 
addition o f  f e r t i l is e r  nitrogen or by these two sources 
along with dinitrogen fixa tion  as in the case o f  leguminous 

plants. Legumes have been used in building and conserving 
s o il  f e r t i l i t y  since the beginning o f agriculture* A review 

o f  the past work done in th is f ie ld  reveals the immanse lo t  
o f  research being carried out by various workers on th is 
aspect. The root nodule bacterium, Rhlzoblutn. in  association 

with I ts  host plant accounts fo r  nearly 20 per cent o f  thQ 
dinitrogen fixed  annually in the world (Dazzo and ilubbel „ 
1974). This indicates the Importance o f  th is  process in 
restr ictin g  the use o f f e r t i l i s e r  nitrogen fo r  the cu ltivation  

o f such leguminous crops. This is  o f  touch sign ificance for  

our country which is  at present facing an acute fu el c r is is  

coupled with frequent shortage o f nitrogenous fe r t i l is e r s .

Groundnut ( Arachls hyppgasa L.) i s  an important o i l  
seed crop in India occupying nearly 7.5 m illion  hectares 

and producing about 6 ,5  m illion tons o f  pods annually. I t  
i s  one o f the main sources o f  edible o i l  contributing to 

more than 60 per cent o f  the tota l o i l  seeds production.
In Kerala th is crop is  cultivated in an area o f  about 17,000 
hectares with on average annual production o f  23,000 tons.

Groundnut i s  cu ltivated as a pure crop in  the Ralghat 
d is tr ic t  o f the state. In other places, i t  is  cultivated
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either in r ice  fa llow s, a3 a catch crop esp ecia lly  In the 

Qnattukara region or as an intercrop In coconut gardens.
Recently, i t  has been recommended as an a ffe ctiv e  mixed crop 

with tapioca, by the Kerala Agricultural University and the 

Central Tuber Crops Research Institu te o f the Indian Council 
o f  Agricultural Research. All these indicate the enormous 

economic importance o f this crop to our State*

Recent researches have led to the development o f  more and 
more groundnut v arieties  with high y ie ld  and o i l  content.
However, one o f the problems encountered with these new 
varie ties  is  the lack o f  proper nodulation necessitating the 

use o f  high cost fe r t i l iz e r  nitrogen fo r  their cultivation*
The main reason for  th is appears to be the lack o f  compatible 

strains o f  rhizobia in the s o il  where those varieties  are 
cu ltivated. Therefore, i t  has become essential to se lect 
appropriate strains o f rhizobia fo r  d iffe ren t v arieties  o f  
groundnut In orddr to ensure adequate nodulation. This in 
turn can bring about much nitrogen economy in the cu ltivation  
o f  th is  crop in our country. Keeping in view o f  these fa c ts , 

the present problem was undertaken with the follow ing main 

ob jectives!

(1) Isolation  o f  Rhizobium suitable fo r  d ifferen t varie ties  
o f  groundnut,

(2 ) Testing for  host-varietal s p e c if ic ity  fo r  nodulation 
by these iso la tes  o f  rhizobia using selected varieties  o f  
groundnut. 0

(3 ) Physiological and serologica l characterisation o f 
d ifferen t iso la tes  o f  rhizobia.
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REVIEW OP LITERATURE

Groundnut i s  a crop that has groat poten tia lity  fo r  
nitrogen fixa tion  under ilhixoblum inoculated conditions* 

Dagger ( 1955) showed that Rhl20blua inoculation to Spanish 
peanut resulted in on increase o f  the number and size  o f  
nodules and also the y ie ld  o f  nuts. P ield  t r ia ls  with 
groundnut conducted by Seeger ( 1961) stressed th© value o f

inoculation in increasing the. y ie ld  o f  nuts. Rangaswaay/
and Oblisajay ( 1962) reported better response o f  groundnut 
crop to Bhizobium inoculation. However, Thronton ( 1963) 

found no s ign ifica n t y ie ld  increase due to Rhizobium 
inoculation in groundnut variety , Gambia bunch. He 
attributed th is to the competition between the Introduced 
strain o f  Rhlzoblum and the native strains already present 
in the s o i l .

Wetselsaar ( 1967) made a nitrogen balance sheet over 
three years fo r  four annual legumes, Stylosanthea .

I l m  iiiO SM llf Gyamoosis te.traftonoloba and Arachlji hypogBCa. 
He found that the groundnut crop alone recorded an average 

annual nitrogen fixa tion  o f 60 lbs per acre as compared to 
th© adjacent fa llow  land. In th© f ie ld  tr ia ls  conducted 
on the various trop ica l s o ils  o f  Madagascar, Vuong and 
Aadriamsnatena ( 1970) reported increased nodulation in 
groundnut a3 a resu lt o f  Rfolzoblum inoculation . Saba and 
Behera (1972) found that the application o f  Rhizobium to

fthlzoblura Inoculation and crop response in groundnut
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groundnut increased the grain y ield  as well as the nitrogen 

content o f  shoot, root and grains of the crop. Bajpai g t  a l. 

(1974) reported a 21 per cent increase in  the y ie ld  o f 
unshelled nuts in groundnut due to inoculation,

Agnihotrudu and Tripathi (1976) conducted f ie ld  tr ia ls  

with groundnut in Tamil Nadu, Karnataka and Andhra Pradesh, 
to Btudy the e f fe c t  o f  seed inoculation with Rhizobium on 
crop y ie ld . The Rhizobium treated plots recorded 10 to 57 
per cent increase in y ie ld  over the control. Study o f  the 
cost-ben efit ratio  o f Rhizobium seed inoculation revealed a 

return o f  9 to 39 rupees fo r  every rupee spent in Rhizobium 
culture. Ghitriv and tfangikar (1978) found that inoculated 

groundnut plants recorded 7.43 to 89.11 per cent increase 
in grain y ie ld  over the control under f ie ld  conditions.

E ffect o f  f e r t i l i s e r  application on nodulation in groundnut

In a f ie ld  experiment on groundnut, cowpea and Sesbania 
spp. supplied with lime at 0 and 680 kg Ca (OHjg per hectare 

and P at 0 and 14 kg *̂2^5 PeI* hectare, Rose (1963) found 
that lime alone or in combination with p sig n ifica n tly  

increased the height o f  plants at 30 days. At 60 days, lime 
applied along with P was superior to a ll  other treatments 

in increasing plant height. Veeraraghavan ( 196A) reported 
that lime applied at the rate o f  1,500 pounds per acre 
increased the number o f nodules per plant under f ie ld  
conditions in groundnut in  red loam o f Kerala. Sreedharan 
and George (1965) working in the same s o il  got similar



resu lts with the application o f 2,000 kg o f  Lima per hectare.

In a f ie ld  t r ia l  with groundnut, cowpea and greengram, Sahu 

and Behera ( 1972) showed that grain yields v;ere s ign ifica n tly  
increased by th® application o f  phosphorus at 22.4 kg 
phosphate per hectare combined with Rhizobium inoculation.
The seed protein content was also increased. They also 
noticed a 29 per cent increase in s o il  nitrogen content as 
a resu lt o f culture application. Hall (1975) found that the 
combined application o f  phosphorus with Rhizobium inoculation 
resulted in better y ield  than with the separate application 
o f  either P or  Rhizobium culture, Kanl reruaal et e l. (1973) 
rcportsd that the application o f phosphorus, magnesium and 

boron lead to Increased yield  and quality o f  groundnuts 

through the in d irect way o f  b en e fic ia lly  influencing nodulatlon 
and nitrogen fixa tion  processes.

Hcquc and Amara (1973) studied the e f fe c t  o f  application 
o f sodium molybdato and Rhizobium culture in groundnut grown 
on upland s o i l  o f Sierra Leone. Thoy found that the dry matter

p
y ie ld  increased from 74,5 g/a in  untreated control to 37*3

p
g/in with Inoculation and molybdate application. Dry matter 
y ie ld  decreased with inoculation alone.

Sharms and co-workero ( 1978) worked on the beneficia l 
aspects o f  seed p e lle ttin g  with calcium carbonate on nodulatlon 
in  groundnut variety TMV-2. Thoy obtained the highest number 
and weight o f  nodules in plants grown from seeds inoculated 
with Hhizoblum and pellettsd  with Ca COy
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H ost-varietal s p e c if ic ity  o f  Uhlgoblurc fo r  nodulation in

ftn;3agopalan (1933) studied the response o f  groundnut 
to two ph ysiologica lly  d ifferen t flhlzobium iso la tes . On© 
o f them produced large number o f small and medium sized 
nodules which were e f f ic ie n t  and concentrated mainly on the 
tap roo t. The other stra in , on the other hand, produced 
nodules o f  a smaller size mainly on the la tera l roots. These 
nodules were incapable o f  fix in g  adequate quantity o f  nitrogen. 

Albrecht (13^3) showed that s ix  single strain cultures o f  
fthlzoblua d iffered  widely in their e ffectiveness on Spanish 
peanuts. Tho strains were assessed in terms o f  percentage 
o f  plants nodulated, dry matter y ie ld  per unit sroa, visual 

rating o f  yield  and moan dry weight o f  individually co llected  
plants.

Dd'xu (1969), while studying the h o s t-sp e c ific ity  among 
f iv e  groups o f  plants in the cowpea cross-inoculation  group 

found that rhizobia from soybean, groundnut and Sambarra 
groundnut nodulated cowpea rand litna bean, while cowpea -  
Bhizobtum nodulated only i t s  host and lima bean, and v ice - 
versa. Rhizobium fro® a ll  species except cowpea and lima bean 

nodulated groundnut and Bambarra groundnut.

KuthU3a®y (1970) investigated the comparative e ffic ien cy  
o f four iso la tes  o f fthizobi-urn for  their nodulation and nitrogen 
fixa tion  with TM,y»2 groundnut plants. He found that there was 
some relationship between the groundnut variety THV-2  and i t s
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own rhizobial iso la te . This iso la te  produced the maximum 

number o f  e ffe c t iv e  nodules. I t  also contributed to maximum 
length oiid fresh weight o f plants than the other three 

iso la tes .

Dadarwal -and associates (197^) investigated the nature 

o f  nodulation by rhizobia from six  species o f Arachlg on 
the cultivated variety o f  A. hypo^ e ^. The groundnut plants 
d iffered  in the pattern o f  nodulation due to d ifferen t 
Rhlzoblnm iso la tes . fthlzoblum from one apecios o f Am chi ̂  

v iz , » dur mens.1ft was moat e ffe ctive  on .A, hypogaea.

Rao (197^) tested the effectiveness o f four d ifferen t 
strains o f Rhizoblun (G:i-2, ^02-A, ^02-ftj 402-C) fo r  their 
effectiveness against the groundnut variety  TMV-2 , Yield, 
nitrogen content and total nitrogen uptake by groundnut plants 
were taken as the main parameters fo r  testing the comparative 
symbiotic e ffic ien cy  o f  d ifferen t iso la tes  o f  Rhlzobium.
Strain ^023 was found e ffe c t iv e  in pot culture as well as in  

f ie ld  tr ia ls . Burton (1975) has shown that the use of 
e ffe c t iv e  strains o f  Rhizabium could increase the peanut 
yields * substantially, 3e advocated that an e ffe c tiv e  
screening teat fo r  evaluation o f rb izob la l strains sp e c ific  to 

groundnut cultivaro should be conducted to enhance nut y ie ld .

In a nodulation study conducted with eight groundnut 
cu ltivars to evolve suitable plant type o f the crop for  the 
arid zona, SuraJ Bhan (1975) found that the varie ties  AK-12-24
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and Spanish Improved were the beat with regard to nodulatlon 
and symbiotic e ffic ien cy . Among the v a rie ties  tested , the 
procumbent ones had more and heavier root nodules with a higher 

nitrogen content than the erect va rie ties . 3ut the la tter  
ones had a higher dry matter y ie ld  and more e f f ic ie n t  nitrogen 

use.
Date (1976) recommended that rihlzobiuro strains could be 

evaluated fo r  their effectiveness on groundnut v a rieties  in 

two phases. The strains should in it ia l ly  be screened under 
controlled  environmental conditions fo r  their e ffic ie n cy  o f  

nitrogen fixa tion . Secondly, the selected e f f ic ie n t  strains 
Rhlsobiwi should be evaluated under f ie ld  conditions fo r  

i t s  comparative a b ility , persistence and effectiveness in 

nitrogen fixa tion . E ffectiveness o f fo rty  sero log ica lly  
d is tin ct strains o f  dhlzobiura. isola ted  from six  wild species 

o f flraohis on the cultivated variety o f groundnut, A, hvoogaea 
wa3 studied in a pot culture t r ia l  by Singh et a l . ( 1976) .

They noticed large variations in symbiotic e ffic ien cy  between 
the strains. The strains GT-20 (iso la ted  from Arachis 

.hyoogao.^) and 0-405 (iso la ted  from glaberata) were found 
to be most e ffe c t iv e . They also reported sign ifican t positive 

correlation  between percentage nitrogen in nodules end weight 
and nitrogen content o f  seeds. However, they could not 

establish  any sign ifican t correlation  between the weight o f  
nodules and nitrogen content. Likewise, no sign ificant 
correlation  was observed between any one o f  the physiological 
properties o f  d ifferen t strains and th eir symbiotic e ffic ien cy .
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Schneewis and associates (1973) and Singleton (1973) 

have emphasized the need fo r  se lection  o f  bacteria l strains 
and appropriate va rie ties  fo r  optimising nitrogen fixa tion  

potential in  groundnut* The ro le  o f host genotype in  
nodulation end nitrogen fix a tion  has been recently summarised 

by Caldwell and Vest (1979). The authors strongly conclude 
that e ffe c t iv e  nodulation and nitrogen fix a tion  ore greatly 
influenced by genetic variation o f both othe symbionts.

A. to ta l o f seventy-eight iso la tes  obtained from pro

minently nodulated groundnut plants from Karnataka and Gujarat 
wore tested fo r  their e ffic ie n cy  to f i x  atmospheric nitrogen 
in sand cultures under controlled conditions by Sheth (1979). 
Among them, 25 iso la tes were found to bo superior to the 

standard lnoculant strain C3 755* The resu lts further esta

blished the potentia lity  o f  Inoculating groundnut plants with 
suitable strains o f  rhizobia to get maxitnura benefit out o f  
natural process o f  b io log ica l nitrogen fix a tion . An attempt 
was made by Alagawadi (1979) to evaluate the Rhizobium strains 
o f  groundnut isolated from Dharwar and Belgium fo r  their 

symbiotic e ffic ien cy . Among the seventeen strains isolated* 
strains and RCP were used in a study fo r  the comparative
e ffica cy  o f  nitrogen,* fixa tion  with a standard strain TAL 309® 
The three selected iso la tes  behaved in a varied manner in 
nodulation and nitrogen fixation  in groundnut cu ltivars,

Ayalaba (1930) in his study on the evaluation o f  symbiotic 
nitrogen fix a tion  by three peanut v a rie ties  inoculated with 
two Rhizobium strains* detected s ign ifica n t d ifferences in
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specific; nitrogenase a ctiv ity . How®ver# these were not 

evident when the a ctiv ity  o f  the ensyms was expressed as 
tota l nltrogenese a ctiv ity  per plant. Sen and Weaver (1930) 
compared tho re la tive  e ffic ie n cy  o f  Rhizobium strain 32 H.I 

in nitrogen fixa tion  in peanut and cowpea. Peanuts had 1,5 
to 3 .0  times higher acetylene redaction a ctiv ity  per unit 

mass than cowpea at d ifferen t nodule ages. The nitrogen 
accumulated in the plant tops per unit weight o f  nodules on 

the roots was also greater in peanuts.

Su llia  andAnasuya (1930) have observed the stimulatory 
e f fe c t  o f  groundnut root exudates on the growth o f three 
strains o f  Rhizobium app* v iz . , C3-1024, CB-530 end BU*»2, 
and the inhibitory e f fe c t  on the strain BO-1, V/hile the 
stimulatory e ffe c ts  o f th© root exudates was explained aa 

a pre-requisite fo r  the establishment o f symbiotic relationship , 

the inh ibitory  e f fe c t  o f the strain 3U-1 indicated incompati
b i l i t y  with the groundnut variety  XHV-2.

Wynne (19BQ) reported that sp e c ific  host-strain, 

combination can load to increased b io log ica l nitrogen fixa tion  

in peanuts. The authors also advocated that the most useful 
t r a it  fo r  measuring effectiveness o f  a rh izob ial strain i sT

the to ta l nitrogen accumulated in the plant by their a ctiv ity .
i

,le tonnes
Erdman (1947) studied the strain variation  and host 

s p e c if ic ity  o f  Rhizobium t r i f o l l l  on four species o f  T r ifo llu q , 
His find$figs stressed the importance o f  the use o f  e ffe ctiv e
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cultures o f  fthlzoblum t r l f o l l i  as well as the cu ltivation  

o f  e f f ic ie n t  varie ties  within d ifferen t TrlfoUum spp fo r  
augmenting nitrogen fixa tion  and crop growth.

Monlz and co-workers (1963) v/or&ed on the strain 

variation  and e ffic ie n cy  o f  nitrogen fixa tion  among eighteen 
a lfa lfa  ( Hedicago sativa L ,) and two berscem ( Tr.lf oliuni 
alexandrinum L .) strains o f nodule bacteria . The strains 
wore found to d if fe r  very markedly in their a b ility  to f i x  
nitrogen. The resu lts o f  the cross-inoculation  studies 

revealed that ivhlzoblum m aillot! was s p e c if ic  to i t s  own 
cross-inoculation  group.

Trinick (1963) conducted an investigation on the 
s p e c if ic ity  in Hhizobiurc symbiosis o f  Lquqaen.̂  Leucocephala 

rhizobia isola ted  from a group o f  legumes including Leucaena 

leucoceohala. Mimosa in visa . M. oudlca. Acadia fa m es ! ana 
and Sa3bania spp. They were a ll  found to be fa st -  growers 

capable o f  nodulating L. leucoceohela e ffe c t iv e ly .

Vfelr ( 1969) investigated the interactions between three 

strains o f  ^hlzobiuq m elllo ti and the host plant, Medlcago
sativq var. Hairy Peruvian. The strains showed no sign ifican t

>

d ifferences in the to ta l number o f  nodules. But there was 
d ifference in the ra tio  o f  the e ffe c t iv e  to in e ffectiv e  
nodule3 produced by each strain.

Balasundaraci at al.(1972) studied the interactions 
between soybean ( Glycine max) genotypes and d ifferen t iso la tes  
o f Khizobium .laoon^cum. The d ifferen t iso la tes  varied in
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their symbiotic e ffic ien cy  with d ifferen t varieties  o f  

soybeans*

Dadarwal ^l* (1975) showed that nodulation in chickpea 
is  also determined to a great extent by the host genotype.

In tests  carried out to determine the varieta l and strain 
Interactions, i t  was found that the iso la te  Ca 121 produced 

the maximum number o f  nodules followed by the iso la tes  Ca 151 * 
and Ca 191* On the other hand, among the v a r ie tie s , L 144 
and BG -  2 showed maximum response to nodulation. In the 

symbiotic effectiveness strains Ca 121 and Ca 1B1 were most 
e ffe c t iv e  and showed an increase o f  more than 100 per cent in 
plant dry weight and nitrogen uptake with as many a3 seven 

genotypes. Anrong the v a r ie ties , II 551 and ii 355 showed 
maximum increase in nitrogen uptake as well as in the dry 
matter yield*

Raju and Samuel (1976) studied the influence o f  d ifferen t 

commercial inoculants on gram ( Clear ariatinurp) .  A ll the 
inoculants, except the I .A .R .I . culture gave very good resu lts 

as was noticed by the high dry matter production, high nitrogen 

uptake by the plant and translocation to. the seed,

Borges (1977) evaluated the effectiveness o f  two Rhizobium 
strains on cowpea cv. Arauca in terms o f th eir o ffe e t  on stem

i

length, le a f  area, shoot dry matter, water consumption and 
nitrogen contents o f roots end shoots. On the basis o f  such 

parameters, one strain was selected. The resu lt also indicated 
that the major proportion o f  atmospheric nitrogen fixed  was 
in roots by the strain.
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Gonzalez.., (1977) studied She behaviour o f ten Rhlzoblutn 
.laocmicun strains on soybean v a r ie tie s . Their resu lts 

brought to lig h t  the fa c t  that the relation  between plant 

dry weight* nodule dry weight* and nitrogen accumulation 
varied according to variety, strain and s o il  type.

Kumar Rao and P atil (1977) reported that soybean responded 
d ifferen tly  to d ifferen t commercial Inocuiants o f  Rhizobium 
■•foponlcunu The d ifferen t cultures produced sign ifican t 

d ifferences in number and dry weight o f plant tops. V/ith the 
exception o f  one inoculant, a ll  the others produced increase 

in y ield  as compared to un-Inoculated control.

Saxena and Singh (1978) conducted experiments to 3tudy 

the response o f gram varieties  to Rhizobium cultures isolated  
from d ifferen t agro-clim atic conditions. Their results indicated 
that varieta l d ifferences were sign ifica n t and the interactions 
between culture and the host variety was in sign ifican t.

Gaur and Sen (1979) studied the cross-inoculation  group 
s p e c if ic ity  in chickpea. They examined seventy-one strains o f  
root-nodule bacteria  o f chickpea for  nodulatlon in eighty-3even 

legume species, representative o f  a ll  the legume cross-inocu lation  
groups. In a reciprocal cross-inocu lation  study 287 strains 
o f  rhizobia from 52 to 37 species were examined on various 
chickpea is o la te s . Chickpea and it s  nodule bacteria showed 
no cross-inoculation  s p e c if ic ity  with any other legumes. The 
effectiveness o f  d ifferen t strains o f  chickpea Rhizobium in 
f ie ld  was evaluated by Rareek (1979)* There was difference
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in  nitrogen a se a ctiv ity  and dinitrogen fix a tion  among the 

strains*

Dahiya ( 1979) conducted a study on the varieta l
interaction  o f  pigeon pea with d ifferen t strains o f  Rhizobium.

Modulation, shoot growth, total uptake o f  nitrogen and 
phosphorus were taken as measures o f  e ffe c t iv e  association*
The resu lts indicated a variety-strain  sp e c if ic ity  in  case 

o f variety 7 - 2 1  with strain A -  3* Another strain I1' -  4 
was found to perform good with a ll  the v a rie ties ,

pH tolerance and symbiotic e ffic ie n cy  o f  Rhizobium

Albrecht (1933) noted that nodulation in soybeans fa ile d  

at pH values o f  5,0 and le s s . Rajagopalan (1933) in his study

o f the root nodule bacteria o f  groundnut, found that out o f
the six  rh izob lal iso la tes  tested, two showed good growth 

between pH 4.0 and 9*0 while others showed growth only between 
pH 3*5 and 3*3,

Mufchusamy (1970) detersiined the pH tolerance o f  four 
iso la tes  o f  Rhizobium o f groundnut in yeast extract mannitol 

broth with varying pH ranging from 4,0 to 10.0, Among the four 
iso la te s , only one iso la te  showed good growth between pH 4,0 
to 10.0, All the other iso la tes  were able to grow only 
between pH 4,5 to 10.0.

Van Schreven (1972) studied the re la tion  between tolerance 
to low pH and symbiotic effectiveness o f  Rhizobium t r i f o l i i . 
Three R. t r i f o l i i  strains were repeatedly subcultured on
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agar* medium o f pH values ranging from 3.7 to 7 .0 , The 

symbiotic effectiveness o f the iso la tes  a fter frequent 
subcultures on these pH was estimated by inoculation o f aseptic 

seedlings o f  white clover in Jensen's medium. He found that 
the number o f  nodules formed* in the plants and the effectiveness 
o f some strains seemed to be a ffected by growing tthl.ao.hl.um 

fo r  a long period at low pH*

Yadav and Vyas (1973) found that the optimum pH for  
growth o f  groundnut fthizoblum i s  in the range o f  5.0 to 7*0*
None o f  the tthlzoblum strains were inhibited at pH 10*0, 

while low pH o f 3*0 and 4.0 was lethal fo r  a ll  the strains 
te s te d .

A study Involving fiv e  trop ica l legumes* fiv e  temperate 

legumes and Hedlcae.o aatlva by Andrew (1976) revealed that 
nodulation and growth are strongly controlled  by pH. flaprootlllux 
Irathyroiden and Hotononla balnesil showed 103 per cent nodulation 
at pH 4,0* where as Medico go. satlva . M, trim culata. M, 

scutellata  and Glycine w jghtii achieved th is lev e l o f nodulation 

only at pH 6,0  in the presence o f  high amount o f calcium. In 
general* the legumes exhibited a marked decline in leve l o f 
nodulation below pH 5.0*

Pandher and Kahlon (1973) reported the e f fe c t  o f  pH on 
the growth o f  Hhlzabium ieguminqsanim from pea ( ttlauro sativum i .) . 
None o f  the strains tested showed any growth at pH 3*0. All 
the strains grew though sparingly betwoen pH 3*5 to 4 .5.
Good growth o f the strains was noticed between pH 6.5 to 8 .0 .
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The authors also reported decreased growth beyond pH 3 .0 , 

though i t  was not lethal to the bacterium.

Keysor &t a l.(l9 7 9 ) working on the acid tolerance o f  

rhizobia in  culture and in symbiosis with cowpea plants, 
found that cowpea rhizobia varied in i t s  symbiotic tolerance 

o f  s o i l  a cid ity .

Experiments were also conducted by Evans et a l . (1930) 

to measure the e f fe c t  o f o f  the nutrient medium on 
symbiotic nitrogen fixa tion  by Uhlzoblum legumlno3arum and 

Pi sum sativum. Both the bacteria l growth and root development 
were adequate at a ll  pH lev e ls  from 4.4 to 6 ,6 . But e f f ic ie n t  
nodulation and nitrogen fix a tion  did not occur at pH 4.3 and 

below.

Barber (1930) tested the growth o f  rlhizoblum m elilo tl 

In media adjusted to pH values ranging from 4.5 to 6 .5 , The 
number o f  U. m elilotl c e l ls  were greater with increase in pH 

o f the nutrient medium.

In an in v itro  study on the e f fe c t  o f d ifferen t lev e ls  
o f  pH on the growth o f  various iso la tes  o f cowpea rhizobia, 
Nair and Sivaprasad (1981) found that the native iso la tes  were 
more tolerant to low pH such as 4.5 when compared to exotic 
iso la tes  o f  rhizobia.

A ntibiotic resistance and symbiotic e ffic ie n cy  in  fthizoblum

In a study on the en tib io t ic  resistance o f  th irty-three 
mutant clones from eleven normally e ffe c t iv e  strains o f  fa s t



growing rhizobia ( Rhizobium t r i f o l i l , R, lefrumlno.aerum, 

ii* Phased 1 and R. a e l i l o t i ) Schwinghamer (1964) detected 
twenty-three mutant clones that were resistant to viomycin 

to be in e ffe ctiv e  nitrogen fix e rs , Heomycin resistance gave 
a sim ilar resu lt and f u l l  cross-resistance was recorded 

between the two a n tib io tics . Acquisition o f  resistance to 
kan&nycin was rarely associated with the lo s s  o f symbiotic 

e ffectiven ess. Ho loss  o f  effectiveness was also found 
associated with streptomycin resistant rautants,

She Joi v itro  e f fe c t  o f  streptomyoin, aureoaycin and 
terramycin was tested on ten rh izobial iso la tes  o f  wal 
( Dolichoa lablab) and fourteen iso la tes  o f  methi ( Trigonella 

foenum graecun) by Konde and Honiz (1963). Varying degrees 

o f  inh ib ition  were produced by d iffe ren t a n tib io tics . A n  
the rh izobial iso la tes  ware a ffected  by streptomycin sulphate, 
Maximum inh ib ition  was obtained, with streptomycin sulphate 
at 400 ppm.

Hendry and Jordan (1969) found that iiutation to 

resistance to high lev e l o f  viomycin In Rhl2obium m eliloti 
could involve so lective  reduction in permeability o f the 

ce ll3  towards the a n tib io tic , They attributed th is  to 

the accumulation o f  phospholipid in the c e l l  capable o f 
forming complexes with the a n tib io tic , viomycin. Damery 
and Alexander (1969) noticed that in  R. t r l f o l l l  and R. 
m elilp tf kanamycln resistant mutants were in e ffe c t iv e  in 
nitrogen fix a tio n , but could not detect any sign ifican t
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physiological^difference to account fo r  the lo ss  o f 

symbiotic effectiveness.

Vincent (1971) stated that In kmzopiufn sitmxtaneous witu 

the transfer o f  resistance to a n tib iotics  there would also 

bo the transfer o f non-infectiveness property, since the 
genes associated with nitrogen fixa tion  as well as a n tib io tic  

resistance are plasmid associated. Zolazna Kowaloka (1971) 
reported that clones o f  khizoblum t r i f o l l l  resistant to 
streptomycin at lev e ls  varying from 10 to 100 ppa lo s t  their 

nodulating capacity.

The response o f  selected strains o f  kh Iso biurn .1 a n on 1 cum 

to f i f t y - f iv e  an tib iotics  was studied by Levin and Montgomery 
(197*0. Their findings indicated rto sign ifican t difference 
either in  in fe c t iv ity  or effectiveness between the a n tib iotic  

sensitive strains and their resistant mutants. Abdel-wahab 
jet a l. (1976) also could not correlate resistance to 
chloramphenicol and p en ic illin  with nitrogen fix a tion  in 
Ilhlzoblum t r l f o l i i  mutants.

Brockwell and co-workers (1977) advocated the use o f  
streptomycin resistant mutants fo r  id en tifica tion  o f  rh izoblal 

strains isola ted  from f ie ld  environments. They also found 
that when streptomycin marked strains o f khlzobium t r l f o l i i  
were introduced into the f ie ld  environment, a small proportion 
o f  the progeny o f  the inoculum sustained independant lo ss  o f 

streptomycin resistance in the f ie ld .  Gollobin and Levin 
(1979) investigated the upper lim it o f  resistance to the 
a n tib io tic , streptomycin o f  two strains o f  khizobiuna .laoonlcura.
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Only one grew well at 25>000 alcrogram per ml. 

Examination o f  the mutants showed that they a ll  retained 

the symbiotic properties o f  parental strains. Josey s i  _al_. 
(1979) employed the variation in in tr in s ic  resistance to 
low lev e ls  o f  eight a n tib io tics  fo r  Iden tifica tion  o f  26 
Rhizobium leguminoaarnm strains. The wild type o f R. 

leguralnoscrum strain used in the test were found to have 

unique patterns o f  resistance which remained stable and 
by which they could be Id en tified .

Pain (1979) iso la ted  a number o f antlb iotL c-resistont 
mutants o f  Rhizobium le&umlnosarum and studied their symbiotic 

properties. Of the symbiotic nutant3 iso la ted , q minority 
o f  rifampicin resistant mutants were found to have an a llied  
symbiotic phenotype which was in e ffe ct iv e .

Pankhur3t (1979) evaluated the e ffic ie n cy  o f  two fa s t  
growing and. two slow growing Rhizobium strains o f  Lotuq 
nendunculqtus. Resistance to streptomycin, spectinoraycin, 

chloramphenicol and tetracycline was found associated with 
l i t t l e  or no loss  o f effectiveness with a ll the four strains 
tested. On the contrary, he noticed a sign ifican t loss  o f  
symbiotic effectiveness in 20 to 100 per cent o f  rsutants 

in case o f resistance to n a lid ix ic  acid , rifam picln, 0- 
cycloserina, novobiocin and p en ic illin . Resistance to 
v ioaycin , neomycin, kansmycin and vibramycin was associated 
with loos  o f  effectiveness with aut salts o f  two fast-growing 
strains but not with those o f  the slow»growLng ones.
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Pankhurst and Craig (1979) found that one step mutants o f 
Rhizobium strain 32 H1 resistant to Dr cycloserine showed 

more than 90 per cent loss  o f  asymbiotic nitrogenase a ctiv ity  

under v itro  conditions and 25 to 30 per cent lo ss  o f  
symbiotic a ctiv ity  in the root nodules o f  the cowpea cultivar 
Caloona. Second and third step resistant mutants were found 
to exhibit a further decline or complete lo ss  o f  symbiotic 

property#

Beynon and Josey (1980) demonstrated heterogeneity in 
a natural population o f Rhizobium ohaseoli using variation 

in  a n tib io tic  resistance. They recorded f i f ty - fo u r  d ifferen t 

resistance patterns. Isolates having the same in tr in s ic  
resistance pattern were uniform in their reaction with 
angiserum raised against one o f  the inoculum strains and 

their colony morphology#

Om Prakash (1930) found that streptomycin resistant 

mutants were highly competitive but similar to parent strains 

in in fe c t iv ity  and efficiency# The chloramphenicol resistant 
mutants were o f  higher e ffic ie n cy  in  nitrogen fixa tion  but 
le ss  competitive when compared to the parental strains.

Serological id en tifica tion  o f rh izobial strains

Z ip fe l in 1912 fo r  the f i r s t  time showed the antigenic 
relationship between rhizobia forming nodules in jgisum 
sativurq and Phoseolus vulgaris. Later, Klimmer and Kruger 
(191*0 divided eighteen cultures from as many d ifferen t 
legumes into 9 groups using agglutination tests and concluded
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that the rhizobia Isolated from d ifferen t species o f  plents 

were oero log ica lly  d is tin ct but related at the same in other 
properties, Vincent (1941) distinguished two Kinds o f antigen 
namely* the heatlabile f la g e lla r  (H) antigens and the 
heatstable somatic (0) antigens by employing the agglutination 

test,

Koontz and Faber (1961) studied the somatic antigens 
o f  23 strains o f  Rhlzobium .laoonicum and c la ss if ie d  thus 

into six  groups, Graham (1963) c la ss if ie d  rhizobia into 

three sero log ica lly  d is tin ct groups, (1 ) Rh^zo Slum tsA fo lU .
R* leguminosarum and R. phaseoll; (2) R. lu o in l. R. laoonicum 

and cowpea rhizobia and (3) ii* tn e lilo ti. He also observed 
that the strains o f  R, m elilo tl showed serologica l a ff in it ie s  
with Ararobacterium radlobaqter and .A, tumefaciens. All the 

groups showed wider f la g e lle r  than somatic agglutination,

Johnson and Means (1964) serotyped large number o f nodules 
obt ined from soybean plants grown in d iffe ren t s o ils  from 

Iowa* Maryland, M lssisa ip ii and South Carolina. The resu lts 
indicated that the kind and abundance o f  serogroups o f Rhlzoblum 
,1aponicum in  nodules d iffered  In each o f the four abates,

Dudman (1964) employed the gel immune -  d iffusion  technique 
fo r  rh izob ia l strain id en tifica tion . He suggested that several 

antigens could be recognised simultaneously by th is  technique* 
according to the position  o f  precipitated bands, Employing 
a rapid agglutination te s t , Darargi ot (1967) distinguished 
serogroups o f  Hhlzo.bium .laoonicum by using homogenised nodule 
suspensions as antigens.
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Caldwell and Weber (1970) studied the d istribution  o f  

Rhizofyium .^Goonicutn serogroups in soybean nodules as a ffected  

by planting dates* The soybean variety  *Lee' was planted 
at d ifferen t dates fo r  three successive years in s i l t  loasn 

s o i l  containing an established population o f  R. daoonlcum. 
Nodules were co llected  from each o f the treatments and 

c la ss if ie d  into appropriate serogroup by iramuno fluroscent 
technique. Their work revealed that the occurrence o f  

sp e c ific  serologica l groups was influenced by planting date 
and the stage o f  plant growth, the reason being attributed 
to the influence o f the environaentand clim atic factors on 
the ecology o f  Rhizobium.

Using agar d iffusion  techniques ana disrupted bacterial 

c e l ls ,  Vincent and Humphrey (1970) found two internal antigens 
common to a ll  the eighteen Rhizobium leguroiqo^arum studied, 

but could not detect the antigens in  nine slow-growing cultures 
o f  Rhizobium. S im ilarly, Vincent et a l. (1970) found atleast 

one and generally two common antigens against the antisera 
from the soybean stra ins, but f ifty -o n e  fast-growing rhizobia 
fa ile d  to give any reaction.

Studies conducted by Weber and M iller (1972) brought out 
the relationship between Rhizobium .laponlcura serogroups and 
s o il  temperature. The serogroups which were infrequently 
recovered at low temperature became prominent at 30°c , where 
as, the serogroups forming the majority o f  nodules at 10°c 
and 15°c formed fewer nodules at 30®c* Gharudatton and 
Hubbel (1973) using agar-gel double d iffu sion  technique compared
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soluble antigens o f  three dhlzobium species with those o f 

night legumes representing compatible and non-compatible 

hosts. Cross reactive antigens were found between a ll  the 

legume hosts and three rhizobia.

Dadarwal e t ,§]..( 1974) studied the serology o f  forty -fou r 

iso la tes  o f rthizobtum from nodules o f  Argchls  hypoaaea. 

(cu ltivated  species) A. duranensis. .A* prostrate. i>. v lllo s a  
alaberatn and .A, fflargj.natq (w ild species) by the tube 

agglutination and immuno- di ffusion  techniques. Wo cross- 
reaction was observed between iso la tes o f  Arachls hyoogaaa 
and anti sera o f  iso la tes  from A, mareinafca and A* nlaberata. 

Likewise, antisera o f  iso la tes from £* hyppgaea did not react 
with antisera o f  iso la tes  from ,A. v lllo s a  and A. pro strata.

They obtained d iffu s ib le  oreciptin  bands in agar with a ll  the 
cross-agglutinating strains at a t it r e  value o f  1/200 or 

above. Sadarwal and associates (1976) also found that rhizobia 
isolated from d ifferen t varie ties  o f  chickpea ( Cjcer arletlnum) 
grown in a lo c a lity  were antigenically d is tin ct . Strain 

sp e c ific  precip itin  reactions were observed only with Cicer 
rhizobia.

Kremer and Vagner (1973) advocated a new approach to 

the study o f  s o il  rhizobia by the use o f d irect d iffu sion  o f 
antigens from s o ils  and development o f sp e c ific  bands. Using 
the technique o f iramuno-diffusion, they, evaluated four strains 
o f  Rhizobium .laoonicum incubated in s o i l .

The technique o f enzyme linked imauno-sorbent assay 
(ELISA) was described by Kishinevsky and Dor -  Joseph (1978)
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fo r  sero log ica l id en tifica tion  o f  peanut llhlzobium strains 
both in c e l l  suspensions o f  pure cultures and single root 
nodules o f  groundnut ( Arachjg hypogaeo.) plants, Antisera 
o f  three peanut Hhlzoblitm strains wer© tested against eight 

d ifferen t Rhizobium iso la tes . In this experiment, the workers 
found the BUISA to be four to s ix  times more sensitive , 
than tie agglutination and immino-diffusion testa. The 
technique enabled detection o f  Rhizobium antigens in c e l l

i f
suspensions o f 10 to 10J ce llo /m l. The reactions o f  the 
culture and nodule antigens were id en tica l fo r  a ll  strains 
investigated. The minimum fresh weight o f the nodule tissue

m
necessary to perform the BLI3A tost was 0.4- microgram crushed 
in 1 ml o f phosphate-buffered saline (?3 3 ). This test was 

also successfu lly  used fo r  strain id en tifica tion  in mixed 

inoculated plants.

Sheth (1979) investigated the antigenic relationship 
o f  inoculated strain GB.75S o f  rhizobia fo r  groundnut 
( Arachis hvpogaoa L .) with native rhizobia. The studies 

indicated that the inoculated strains d iffered  from tho 

native s o il  rhizobia. The study also indicated variation in 
the capacity o f  the rh izobial strains to establish in d ifferen t 
s o il  typ©3. The resu lts indicated the p o s s ib ilit ie s  o f 
inoculating groundnut plants with suitable strains o f  
rhizobia to get maximum benefit out o f  the natural process 
o f  b io log ica l nitrogen fixa tion .
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MATERIALS AND METHODS

An Investigation to study the ho nt-varietal s p e c if ic ity  

o f  Rhizobium in groundnut ( Arachls hyooftaea b ,) was conducted 

at the College o f Agriculture, Vellayani, Trivandrum.
Fifteen v a rie ties  o f groundnut o f  the follow ing description 

were in i t ia l ly  selected fo r  th is purpose.

SI.No# Variety Source

1 CO-1 Gera plasm co lle c t io n , Tamil Nadu 
Agricultural University, Coimbatore,

2 TMV-2 Government Seed Farm, Tindivanam, 
Tamil Nadu.

3 TMV-9 it

4 TMV-11 .it

5 TMV-12 »

6 $£—12—24 Gerraolasm co lle c t io n , Department o f  
Agricultural Botany, College o f 
Agriculture, Vellayani.

7 Ah-32 it

8 Ah-4210 it

9 Ec-20137 it

10 Exotic-5 it

11 Red Spanish tt

12 Russia n

13 Spanish Peanut 0
14 Uganda Local rt

15 Us A—123 it
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Preliminary screening for nodulation. in d ifferen t v a r ie ties  

o f  groundnut.

A pot culture experiment was conducted in completely 
randomised design with two rep lications each to study the 
nature o f nodulation by native rhizobia in d ifferen t varieties  
o f groundnut. Earthern pots with an average diameter o f  
25 cm and depth o f 30 cm were used fo r  this purpose. These 
were f i l l e d  with a potting mixture consisting o f send, 

garden s o i l  and cowdung in the ratio  o f 1s1 :2 . Seeds o f 
d ifferen t v arieties  o f groundnut were sown into these pots 
and irrigated  dally. After germination and establishment, 
three healthy seedlings were retained in every pot. Observation 
on the average number o f nodules formed per pot fo r  each 
variety was taken on the AOth day o f plant growth after 

carefu lly  uprooting the plants with their in tact root 

system. Data on the number o f  nodules formed was analysed 

s ta t is t ic a lly  and based on th is the d iffe ren t varieties  
wero arranged into fiv e  c lose ly  related nodulation groups*
Seven v a r ie tie s , Ti-iV-11, jMV-12, Ak-12-24, Ah-32, Exotic-6, 

Spanish Peanut and U3A!-123 representing these groups except 
group,; IV were thus selected to study the hosfc*varietal 
s p e c if ic ity  o f Khlzoblum fo r  nodulation in groundnut.
Variety belonging to group IV could not be included in the 
prosent investigation due to in su ffic ien t stock o f seed 
material.

Isolation  o f 'thlzoblum from the above seven varieties  
was done by the method described by Vincent (1970). Healthy
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nodoles taken In test tubes were In it ia l ly  surface sterilized  

with 70 per cent ethanol fo r  30 seconds follow ed by 0*1 per 

cent mercuric chloride fo r  two minutes* The nodules were 

then throughiy washed in s ix  changes o f s te r iliz e d  tap 
water and gently crushed with a s te r iliz e d  glass rod. The 

residual milky f lu id  was streaked on s te r iliz e d  yeast extract 
mannitol agar medium in petridishes and Incubated in a B.O.O. 

Incubator at 28 + 1*C fo r  three days.

Yeast extract mannitol agar medium (A llenv 1953).
Mannitol - 10.0 g

y ip o ^ - 0 .5  g
MgS04.7H20 -  ' 0 .2  g
NaCl - 0.1 g

CaC^ - 3.0 g
Yeast extract - 1.0 g
Congo Red (196 aqueous solut

ion) - 2.5 ml
Agar - 15.0 g
D istilled  water - 1000 ml
pH «• 7.0

Typical colony o f  Rhizobium characterised by a white 
colour and gummy nature was selected and transferred to yeast 
extract mannitol agar slants. The various Isola tes were 
checked fo r  their purity by repeated streaking on yeast 
extract mannitol agar medium. Single colony o f  Rhizobluiq 
thus selected fo r  each variety  was used as the stock culture.
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Gram-staining (liudcer, 1927).

The staining was done to study the Grata reaction o f  

d ifferen t rh lzobiol iso la te s . Thin smear o f  24 h. old  broth 
culture o f  each iso la te  wa3 prepared, heat fixed  and stained . 
with ammonium oxalate crystal v io le t  fo r  1 minute. The slides 

were gently washed in tap water fo r  not more than 2 seconds 

and treated with iodine solution fo r  1 minute. These were 
once again washed in tap water, b lot dried and decolorized 

with 95 per cent ethyl alcohol for 30 seconds with gentle 
agitation . After drying the slides ware counterstained fo r  
10 seconds with safranln, washed in tap water, dried and 

examined under the oil-immersion ob jective  o f  the microscope. 
The follow ing were the compositions o f d ifferen t 3talns and 
reagents used fo r  this purpose.

1) Ammonium oxalate crystal, v io le t .
Solution A

Crystal v io le t  (90^) -  2 g 

Ethyl alcohol (95^) -  20 ml

Solution B

Ammonium oxalate -  0,8 g
D istilled  water -  30 ml
Mixed together 
solutions A and B.

2) Gram*;? m odification o f Lugol*s solution .
Iodine -  1 g

KI -  2 g
D istilled  VJater -  300 ml

Primary characterisation of different Isolates of rhizobia.
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3) Counter stain

S a £ ran in (2.55^ solution in 955» ethanol) -  10 nil 
D ist illed  water — 100 ml

b* Snore staining: (Bartholomew and Hitwer, 1930)
Uniform smear o f  d ifferen t iso la tes  o f rhizobia was heat 

fixed and stained with a saturated solution o f malachite 
green (7*6% aqueous solution) fo r  10 minutes. The slides 

were then washed in tap water and counter stained with 0.25 
per cent aqueous solution o f safronin fo r  15 seconds, rinsed 
in tap water, b lo t dried and examined under the o i l  immersion 

ob jective  fo r  the occurrence o f any endoapore.

c . Growth on veast extract mannitol agnr medium with congo ..red.

All the seven iso la tes  o f  rhizobia were streaked on 

yeast extract msnnitol agar medium containing 2.5 ml o f 1 per 

cent aqueous solution o f congo red dye. The colour o f the 
colonies as well as the number o f days taken fo r  the appearance 
o f  v is ib le  colonies were recorded.

d. Growth on glucose aeptone agar medium.

S terilised  potri plates containing 25 ml medium o f tho 
follow ing composition were streaked with the d ifferen t 

iso la tes  o f rhizobia and incubated at 2B + 1°C for  2 days.
The extent o f  growth was recorded at the end o f the incubation 
period.
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Glucose psotono agar medium. (Vincent, 1970)

Glucose -  5.0 g
Peptone -  10.0 g
Agar -  15.0 g

Droraocresol purple (154 a lcoholic so lu tion )- 10.0 ml
D istilled  water -  1000 ml
pH -  6 .3

e. Ketolactolase te s t .
The so lid  medium o f Bernaertz and do Ley, 1963 was used 

fo r  th is  purpose.

Lactose - 10,0 g

K2Hf04 - 0.5 g
CaClg - 0.2 g

Yeast extract - 0 .5  g
g30 .̂THgO - 0.1 g

WaCl - 0.2 g
?eCl3 - 0.01 g
D istilled  water - 1000 ml
pH —* 6.3

The seven Isolates o f rhizobia were streaked on the above 
medium in s te r ile  petridishes. After incubation fo r  7 daya at 
23 i  1°C the d ifferen t plates were flooded with Benedict’ s 
solution in order to tes t the production o f  la cton ic acid from 
lactose . The change in ^colour o f  the reagent from blue to 
yellow around the colon ies indicated the formation o f lacton ic 
acid and a positive reaction fo r  the tost.
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Study o f the ho at-varieta l s p e c if ic ity  o f Rhlzobium fo r  

nodulation in groundnut.

A pot-cultura experiment was conducted in glass house 
under aseptic conditions to study the host-varietal s p e c ific ity  
o f d ifferen t iso la tes o f  rh izobia. Seven groundnut va rieties  
v i z . ,  T;3V-11, TMV-12, Ait-12-24, All-32, S xotlc-5 , Spanish 

peanut and USA-123 selected after the preliminary screening for  
nodulation were used for  th is purpose. Homologous iso la tes  
o f rhizobia from each variety was tested fo r  com patibility and 

nodulation e ffic ie n cy  with a ll  the seven varieties  o f groundnut* 
Appropriate control without Khizobluo inoculation was 

maintained in  each case. An 3 x 7 fa c to r ia l experiment in 
completely randomised design with 3 rep lications each was 
la id  out with 3 lev e ls  o f  culture treatment and 7 va rieties  
o f groundnut (l’ ig*1 .)

£arthern pots o f  25 cm x 30 cm s i2e and f i l l e d  with a 

potting mixture consisting o f  sand, garden s o il  and codung in 
the ratio o f 1 :1 j2 at the rate o f 10 Xg per pot were s te r ilised  
by autoclaving at 121°C and at a pressure o f  15 p .s . i .  fo r  two 
hours. The various iso la tes  o f  rhizobia were grown on yeast 
extract mannitol agar medium in s t e r i l ie  petri dishes fo r  

three days at 23 * 1®C in a B.O.D. incubator. Groundnut seeds 
from d ifferen t varieties  were in it ia l ly  shelled and surface 
s te r ilise d  with 0*1 per cent mercuric ch loride fo r  1 minute. 
These were then washed throughly in three changes o f  s te r ilise d  
tap water and treated with a thicX suspension o f  the appropriate
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Rhizobium culture prepared in 10 ml o f ste r il is e d  d is t ille d  water, 

The seeds a fter culture treatment were savin immediately* Control 

treatments were maintained without any Rhizobium inoculation* 

r and K fe r t i l is e r s  were applied uniformly prior to sowing 

at the rate o f 50 kg and 40 kg KgO per hectare* Observation) 
on the average number o f  nodules formed, fresh and dry weight 

o f  nodules, fresh and dry weight o f plants, plant height and 
percentage nitrogen content o f  the shoot portion were recorded 
for  each treatment a fter 60 days o f  plant growth.

The number o f  nodules was counted after carefu lly  removing 
each plant with it s  in tact root system from the pot with the 

help o f  a mild Jet o f water* The separated nodules were weighed 
in a chemical balance to determine the fresh weight and then 
dried to a constant weight at 6o*C in a drying over before 
taking the dry weight. The fresh weight o f plants in each 

treatment was determined immediately a fter the harvest and the 
dry weight a fter drying the samples to a constant weight at 

60*C. ^lant height was measured from the base o f  the shoot 
portion to the growing tip  o f  the longest branch.

The nitrogen content o f the dried shoot portion was 
determined by the modified micro-kjeldahl method o f  Jackson, 

1967* Hundred milligram o f the powdered plant sample along 
with 10 g o f  the digestion mixture (Potassium sulphate, Cupric 
sulphate and Selenium metal powder in the ratio  o f  10: 1 *0 : 0*1 ) 
was token in a 100 ml Kjeldahl digestion flasK* Three ml o f  
concentrated sulphuric acid o f  sp e c ific  .gravity 1.84 was added 
slowly to the above digestion mixture and heated for 5 hours
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t i l l  the material was completely digested. The flaks wore 

allowed to cool down to room temperature before adding 25 ml 

o f  d is t ille d  water to each flask . After cooling the contents 

were transferred to 100 ml volumetric fla sk s and the volume 
made up with d is t ille d  water. Ten ml aliquot o f  the sample 
from the volumetric flask  was then added to the kjeldahl flask  
along with 10 ml o f  50 per cent sodium hydroxide solution and 
steam d is t ille d  t i l l  about 100 ml o f  the d is t i l la te  was co llected  
in the receiver flask containing in i t ia l ly  10 ml o f 2 per cent 
boric  acid solution with a drop o f  mixed indicator. The 
arasoniacal nitrogen content o f  the d is t i l la te  was determined 
by t itra tion  with 0,05 W sulphuric acid. From the t i t r e  values, 

the percentage N was determined by the follow ing equation,

* V x H x x 0,014 
V2 x W

where V «  Titre value -  the blank

V̂ ao Total volume o f  plant sample made up 

Vg* Volume o f plant sample d is t i l le d  
N »  Normality o f  Ĥ SÔ

W -  Weight o f powdered sample used fo r  digestion .

S ta tis t ica l analysis

Data on various observations was analysed s ta t is t ic a lly  by 
the test o f s ign ificance. The interactions between d ifferen t 
iso la tes  o f  rh izobia and host varie ties  was also studied for  
each character In order to evaluate the host varieta l sp e c ific ity  
o f  Rhlzoblu^ in  groundnut.
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Physiological and aerolo^ical characteristics o f .d iffe re n t  

Iso la tes o f  rh izobia.

A. Growth In yeast extract mannitol broth.

0#01 ml o f seventy-two hour old broth cultures o f  a ll  tfio 

seven Isolates o f  rh l2obia was added aseptica lly  to 5 ml o f 
fresh ly  prepared s te r ile  yeast extract mannitol broth taken in 

10 cm x 1 geo capacity test-tube3. Three rep lications along with 
appropriate control without any Rhlzoblum inoculation were 

maintained in each case. The d ifferen t tubes were incubated 
at 23 + 1°C in a 8. 0. D. incubator fo r  72 hours. The growth 

rate o f  various iso la tes  was determ ined.coloriraetrically at 
640 nra using a Bausch and Lorab Spectronic -  20 colorim eter by 

measuring the op tica l density at 6 h, interval up to 72 h. 

o f incubation.

b. nH tolerance
The a b ility  o f  various iso la tes  o f rhizobia to grow in

yeast extract mannitol broth adjusted to d ifferen t pH ranging

from 3.0 to 11.0 was determined colorim etrica lly . The pH o f
the broth was in it ia l ly  adjusted to 3. 0 , 5«0 , 7. 0 , 9 . 0 , and
11.0  by adding either 1 N hydrochloric a d d  or 1 H sodium
hydroxide solution . Five ml aliquots o f  the above medium was

dispensed in 10 cm x 1 cm tes t tubes and s te r ilized  in  an
autoclave at 121*G fo r  20 minutes. The d ifferen t tubes were
thus inoculated in duplicate with 0.01 ml o f  72 h. old broth

<
culture o f  various iso la tes  o f  rhizobia and incubated in a

\

3,0,1}, Incubator at 23 + 1°C fo r  72 hours. Growth at d ifferen t 

lev e ls  o f  pH was determined colorim etric a lly  at 640 nm using
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a Bausch and Lamb Spactronio-20 colorimeter# Appropriate control 

without any Rhizobium inoculation was maintained in each case. 
Growth x-jas measured in term* o f op tica l density at the time o f  

inoculation and at Zh h. intervals upto 72 h# o f incubation#
Data obtained for  each culture was analysed s ta t is t ic a lly  by 

the to s t  o f sign ificance.

The seven iso la tes  of rhizobia were tooted fo r  their 
sen s itiv ity  to d ifferen t lev e ls  of streptomycin sulphate in 
yeast extract mannotol broth. Stock solution o f  streptomycin 

sulphate (Acabistryn - f t ,  ftarahhai Chemicals# Saroda) prepared 

in s te r ilise d  d is t i l le d  water was added to p re -s terilised  yeast- 
extract mannitol broth taken in  10 cn x  1- on tost tubes in 

order toobtain a f in a l concentration o f 50# 125# 250 end 500 
microgram per ml o f  the broth# These were thus inoculated in 

duplicate with 0#01 ml o f  72 h* old broth culture o f d ifferen t 
iso la tes  o f  rhizobia and incubated in a B,0#D..incubator at 

2ft + 1 *C fo r  72 hours. The a n tib io tic  sen s it iv ity  o f  d ifferen t 
iso la tes  was determined by measuring the growth in terms o f 
op tica l density using a Bauscb and bomb colorimeter at 640 na.

The op tica l density was measured at the timo o f inoculation and 

at ?M h# interval# upto 72 h. o f  incubation. Data thus obtained 
was analysed s ta t is t ic a lly  by the test o f sign ificance, 
d# Serological ch aracterla tics .

Preparation o f antigen.

The antigens were prepared according to the method o f 
Vincent (1970). Pure cultures o f  three iso la tes  o f  rhizobia#
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an<̂  ^5 were grown in it ia l ly  in yeast extract mannitol 
agar slants in Houx bottles at 28 + 1 °G fo r  four days in a 

3*0.D. Incubator. The bacteria l c e l ls  ware then harvested 
in 0.85 per. cent HaCI solution and freed o f large clumps by 
keeping in a rotary shaker for 1 hour a fter  adding a pinch o f 
Sodium EOT A. This suspension was then f ilte re d  through thin 

pads o f cotton to remove the excess o f gum and centrifuged at 
15*000 rpm in a refrigerated  high 3peed centrifuge for 30 

minutes. The resu lting p e lle t  was washed three times by 
resuspending in 0.65 Per cent s te r ilise d  Had solution and 

centrifuged at 15*000 rpm for  30 minutes, f in a lly , the washed 
p e lle t  fo r  each iso la te  o f Hhl^oblum was suspended in 10 ml 
o f  s te r ile  physiological saline and transferred to s te r iliz e d  
20 ml screw-capped bottles fo r  storing at 0°C in a depp freezer.

Preparation o f  antiserum

Healthy rabbits o f unknown pedigree obtained from the 
Small Animal House, College o f  Veterinary and Animal Sciences, 
Mennuthy, Trichur were used fo r  the preparation o f  untiserus, 

Emulsion o f d ifferen t antigens in Preuhd*s (B ifco) complete 

adjuvsnt was prepared by mixing equal quantity o f  both in  a 
test tube using a syringe without needle. 2 ml o f the above 
emulsion was then in jected  intramuscularly into the large thigh 
muscle o f  each rabbit. A sim ilar in jection  was given one month 

followed by two more booster doses o f 1 ml o f  each o f the antigen 
without tho adjuvant given intravenously through she large 
marginal ear vein o f the rabbit at weekly in tervals. In a ll
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these cases* an antigen suspension containing approximately 

10  ̂ c e l ls /a l  was used. Fifteen ml o f  blood was co llected  from 
each rabbit into a clean p re -sterilised  beaker by making an 
in cision  on the large marginal ear vein. The blood was allowed 
to c lo t  fo r  4 h, at 23 + 1°C in  a B.Q.i). incubator followed by 
overnight incubation at 4°C in a refrigerator in order to allow 
the complete separation o f blood serum. The separated serum was 

then centrifuged at 3000 rpm fo r  5 minutes in  a laboratory 
centrifuge to sediment the residual blood c e l ls .  The clear 
supernatent a fter centrifugation was transferred to clean 5 ml 

screw capped bottles  and stored at 0*C in a deep freezer.

Determination o f serum t lt r e

The t it r e  value for d ifferen t antisera was determined by 
the method o f  Vincent (1970), For each serum to be tested, 
two-fold seria l dilution  starting from 1:50 to an end d ilu tion  

o f  1 : 6 * 400 was prepared according to the follow ing schedule.

Tube 1 2 3 4 5 6  7 3

ml Saline 9*6 5 5 5 5 5 5 5
ml Serua 0 .4  5(1) 5(2) 5(3) 5(4) 5(5) 5(6) 5(7)
Final d ilu tion  50 100 200 400 300 1,600 3,200 6,400

One ml o f  the homologous antigen containing approximately 10  ̂
ce lls /m l was added to 1 ml o f  each o f  the above d ilution  o f  the 

antiserum. One ml. o f the antigen along with 1 ml o f  physiological 
saline served as the control. The d ifferen t tubes were kept in a
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d* Tube agglutination te s t  for serolog ica l id en tifica tion  jpf 

d ifferen t is o la te s .

Antiserum prepared fo r  iso la tes  Rej and fig was used to 

te s t  the serologica l relationship i f  any between those iso la tes  

and the remaining four iso la tes o f rhizobia* ftp  and ftp
by the method described e a r lie r . The antigens fo r  the la tter  

four iso la tes  was prepared by harvesting the growth o f  these 
rh izobia  from yeast extract mannitol agar slants in physiological 
saline mid then concentrating i t  by centrifugation at 3000 rpa.

Q
One ml o f  these antigens containing approximately 10 ce lls /m l 
was then added to 1:800 d ilu tion  o f  each o f  the antiserum 

prepared fo r  iso la tes ft- and Rg, Serum tubes containing 

homologous antigens served as the control.

water bath at' 52° C for 4 hours before viewing the agglutination

of Various antigens in different dilutions of the homologuoue

anti serum*





RESULTS

Preliminary screening for nodulatlon in different varieties of 

groundnut ( Arachla hyoogaea 1>* )

A pot culture experiment was conducted to study the pattern 
nature o f  nodulatlon in 15 d ifferen t v a rie ties  o f groundnut.

The number o f  nodules formed in each variety  by the native 
rhizobia ia  given in “fable 1. The analysis o f  Variance fo r  
the same is  pre sented in Appendix I .

There was sign ifican t difference in the number o f nodules 
formed in d iffe ren t v a rie ties  o f groundnut. Maximum number o f  
76.25 nodules was formed in variety TMV-12 followed by other 

variables such as UdA-123 (66*25), Exotic — 6 (65 .25 ), &G-61-540 

(59.25) and Spanish peanut (53 .75). The number o f  nodules 

formed was less  in Red Spanish (37 .50 ), AK-12-2& (36.25) end 
Ah-32 (31 .0 ) (Table 1 ) .

Booed on the sign ifican t d ifference between varieties  in  
the number o f  nodules formed, they wore se r ia lly  arranged’ into 

the follow ing five  d is tin ct nodulatlon groups (Table 1 ) .  In 
each o f  the group, the minimum rmmhor o f  nodules formed by a 
particular variety was always higher than the maximum number 

o f  nodules formed by the variety in the immediate succeeding 
group.



Table 1• Pattern o f  nodulation in d ifferen t varieties o f 
groundnut ( Aracbla hvaogaea L .)

l.N o. Groundnut variety Module number* Nodulation group 

1 , TMV-12  75.25 I

2 USA-123 66.25

3 Exotic-6  65.25
4 KG-61-540 59.25

5 Spanish peanut 5B.75

6 TMV-9 56.00

7 Ec-20157 51.75
B TMV-11 49.00 III

9 Ah-4213 49.25
10 Uganda lo ca l 43.50

11 Co-1 - 46.25
12 Russia 44.50 IV

13 Red Spanish 37.50

14 Ak-12-24 36.25. v
15 Ah-32 31.00

C.D (5&) B.27

* Mean of 2 replications.
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Seven varie ties  o f  groundnut TMV-12 , USA-123, E xotic-6 , 

Spanish peanut, TKV-11, Ak-12-24 and Ah-32 were then selected 

to study the host varieta l s p e c if ic ity  o f  rhizobia isolated  

from them.

Characterisation o f  rhizobia from d ifferen t varieties  o f  groundnut

Pure cultures o f rhizobia Isolated from the above seven 
v a rie ties  o f  groundnut were maintained on yeast extract mannitol 

agar slants. The relation  between the host variety and the 

fthizoblum iso la te  is  given in Table 2,

Table 2, Relation between ’host-variety and fthizoblum iso la te . 

Sl,No, Host-varlety i Rhizoblum iso la te

1 V1 "  TsW-12  ilj

2 V2 -  USA-123 R2

3 V3 "  Exotic-6 ft.

4 V4 -  Spanish peanut a4
5 V5 -  TSW-1 1  ft5

6 -  Ak-12-24 ftg

7 V7 -  Ah-32 R?

A ll the seven iso la tes  o f  rh izobia were gram-negative, 
non-spore forming and rod-shaped. They produced raised, 
tranaluscent and gummy colon ies on yeast extract mannitol agar
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medium after 72 h. o f  Incubation. On glucose peptone agar 
the growth o f these Isolates was minimum even a fter  7 days 

o f  Incubation. Further, none o f the Isolates produced 

la cton ic  acid on ketolactose medium (fa b le  3 ). 
fab le  3. Primary characters o f  d ifferen t iso la tes  o f  rhizobia

Isola te  Gram;, Sporu- Growth on Growth on Kelolactolas 
No. reaction lo t io n  yeast extract yeast extract teat

mennitol agar mannitol agar
m at mgmot - pw iai«s^«i — i>BwwnniMisi*w w sn iiwn< m iww — w > in giiii>iMi*B(g

R1 •ve N.S F +

*2 -v© N.S F *
m

s -V© «.S F +

% •ve W.S F

R5 «ve N.S F

Rg -V© N.S F +M*

R7 -ve N.S F *

-v e  -  Gram negative; N.S, -  non-sporeforming; F- Fast rate o f  growth 
+ -  Scanty growth; -  Lactonic acid not produced,,

H ost-varietal s p e c if ic ity  o f  Rhizobium in groundnut— —*1—* ~rfr̂ “i—imnft— —w—iifciraiffnrrrnirtm rwi i mi

The biometric observations taken on the s ix tieth  day after 
planting v i z . ,  to ta l number o f  nodules formed fresh and dry 
weight o f  nodules, fresh and dry weight o f plants, plant height 
and percentage nitrogen content o f the shoot portion were 
s ta t is t ic a lly  analysed in order to determine the host-varietal
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sp e c if ic ity  o f  d ifferent iso la tes o f rh izobia. The moan 

values for d ifferen t observations are given in Tables 4 to 

10 and their analysis o f variance in  Appendix I I , Data 
fo r  a ll characters is  interpreted as the response o f  individual 

iso la te  o f fthizoblua to d ifferen t va rie ties  o f  groundnut and 
also as the response of each variety o f groundnut to various 
iso la tes  o f  rhizobia. The comparitive e f fe c t  o f  Rhlzobluta

'u ' - - - -1 J M ~

inoculation in d ifferen t varieties o f groundnuts is  shoves in 

plates 1 to 5 .

2 {q del a number
a. Response o f individual iso la te  o f  dhizobiuro to d ifferen t 

varie ties  of groundnut

All the iso la tes  o f  rhizobia except produced the maximum 
number o f  nodulos in their respective host varieties (Table 4 j .

produced the maximum number o f nodules* 55*77 in another 

Variety# USA-123* The number o f nodules formed by iso la tes  
rtj and in variety TMV-12* Rg and R̂  in U3A-123*
iiy in S xotic-5 , tig and in Dpenish peanut# in T25V-11 

nnd Kjj ih  Ah-32 wore s ta t is t ic a lly  on par with the number o f  
nodules forraed by these iso la tes in  their respective host 
varieties#

b, Haa-ponse o f individual variety o f groundnut to d ifferen t 
Isolates rhIxobig

Tho d ifferen t v a rie ties  o f  groundnut exhibited a favourable 
response for nodulatlon with thoir homologous isolate  o f 
jjhlzobluna ©xcept in case o f variety TMV-11  where sign ifican tly



P la t#  1* Cooperative e f f e c t  o f in o c u la tio n  of Shliohlun la o la ta

in  v a r ie t ie s  USA-123, ZMV-12 and A k-12-24. 

represent the hoeologout v a r ie ty  Q4V-12.

Control p la n ts

1 P la te  2, Cooperative e f f e c t  o f in o cu la tio n  o f Khi2oblum is o la t e  

in  v a r ie t ie s  USA-123, cx o tio -6  and Ak-12-24« Control p la n ts  
represent the homologous v a r ie ty  :cxotlo*6.



P la t*  3* Comparative a f f e c t  o f In o cu latio n  o f Phlzoblua is o la t e

in  v a r ie t ie s  E xo tio -6 , Spanish peanut and A k-12-24. Control 

p lan ts represen t the hoaologoue v a r ie ty  Spanish peanut.

P la te  4. Cooperative e f f e c t  o f in o cu la tio n  o f nhizoolum is o la t e  R,

in  v a r ie t ie s  USA-123, 1MV-11 and A k-12-24. 

represent the homologous v a r ie ty  TMV-11.
Control p la n ts



P la t t  5* Comparative e f f e c t  o f  in o cu la tio n  o f Rhizobium is o la t e

in  v a r ie t ie s  Spanish peanut, Ah-32 and Ak-12-24. Control 

p lan ts represent the homologous v a r ie ty  Ah-32*
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higher number o f  nodules, 33 ,k3 and 87*40 was produced by two 

other Isolates dp and R *̂ respectively  (Table 4 ). The number 

o f  nodules formed in variety TMV-12  iso la tes  Rg and R *̂ in 
E xotic-6 , Spanish peanut and Ak-12-24 by ilg was also higher 

than the number o f nodules formed in these v a rieties  by their 

homologous iso la tes . The response o f  Spanish peanut to iso la tes  
R̂  and Ry, TMV-11 to R^, R̂  and Ry, Ak-12-24 to ^ a n d  

R̂  and Ah-32 to tig waa s ta t is t ica lly  on par with the response 
obtained v/ith their homologous iso la te  o f  Khizoblum (Table 4 ),

In general, the average number o f nodules produced by 

iso la te  R„ in  d ifferen t varieties o f groundnut was s ign ifican tly
C,

higher than that produced by a ll  the other iso la tes . Sim ilarly, 
'JSA-123  was the best variety  in terms o f the average number 

o f  nodules formed by d ifferen t iso la tes  o f rhizobia (Table 4 ).

Module fresh weight
a* Response of individual iso la te  o f  Rhizobium to d ifferen t

varieties of groundnut
Fresh weight o f  nodules was maximum with the homologous

iso la te  o f Rhizoblum except with the iso la tes  tU and Re which3 P
produced a higher fresh weight in va rieties  USA-123 and Trtlf-12, 
respectively  (Table 5 ). The fresh weight o f  noduleo due to 
iso la tes  R jf Rg and R̂  in TMV-12, R^, and R̂  in

USA-123* Rg» Rfj and Rg in Exotio-o and R̂  in Spanish peanut, 
and a ll other Isolates in Ah-32 was s ta t is t ic a lly  on par with 
the fresh  weight o f  nodules produced by these iso la tes  in 
their respective host varie ties .
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§Tj i f ~  Groundnut variety t.leon

Table 4. Nodule number* - Interaction between

Shlzoblum isolates and groundnut varieties.

iso la te TftV-12 U3A-123 i£xotic-6 Spanish
peanut

TMV-1 1 Ak-
12-24

Ah-32

Ri 61.42 54.40 43,00 60.67 53.50 44.26 54.17 57.35

Ha 92.67 123.03 99.43 30.33 83.43 53.97 71.33 37.72

s 05.77 79.56 39.76 69.67 97.40 46.00 64.10 76.39

“4 59.70 79.50 59.37 79.50 59.70 30.00 36.86 53.03

«5 61,55 65.77 47.17 59.07 61.55 46.37 54.67 57.04

R6 30.00 47,00 37.97 46.20 31.00 53.47 35.10 40.00

R7 61.53 63.93 63.93 68.20 52.33 35.40 76.77 61.70

Control. 2.00 1.00 2.33 2.33 2.33 2.00 1.00 2.04

Mean 53.31 63.05 56.67 50.25 57.33 30.85 52.30

C,D,(5?0 for  comparison o f  lev e ls  o f var ie ties  -  4.73
C.D,(5$) fo r  comparison o f  leve ls  o f Ijhl^oblum -  4.42
C.D .(5&) for comparison o f leve ls  o f variety x

Rhizobium interaction  -  12,51

* Mean of 3 replications.
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Table 5. Nodule freah weight (rag)* - Interaction between

Rhizobium isolates and groundnut varieties.

Rhizo-
biura Groundnut variety  Mean
iso la te  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - — —

TMV-12 U3A-123 Exotic-S Spanish 7MV-11 Ak- Ah-32
i mmmt ________ _

peanut 12-24

ai m & L 87.00 82.33 65.35 64.00 55.00 85.67 73.43

106,33 m o o 118.33 95.67 102.33 60.33 117.33 105.05

R3 91.00 117.67 93.3? 65.33 72.00 55.00 94.67 86.19

a4 77.00 61.00 50.33 36,35 47.33 24.33 64.33 67.24

il5 34.67 70.00 65.33 64.00 43.33 63.00 66.95

S6 50,00 49.67 39.00 46.67 31.00 55-33. 46.67 44.14

f t - 73.67 95.30 63.00 61.67 57.33 43.00 99.67 72.67
Control 3.00 3.33 2.66 2.33 3.33 1.67 2.00 2.62

Mean 77.25 70.29 65.54 62.71 57.00 42.25 77.29

C.D. (3%) fo r  comparison o f  lev e ls  o f va rie ties  -  7.55

O.D. (5^) fo r  comparison o f  lev e ls  o f  Rhizoblurq -  3.07

C.D. (5&) fo r  comparison o f  lev e ls  o f  variety x

Rhizobium Interaction -  21.35

•Mean of 3 replications.
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b. Response o f  individual variety o f  groundnut to d ifferen t 

1 sol a te 3 o f rhizobia

A favourable response In terms o f nodule fresh weight was 
obtained in a ll  varie ties  with the homologous iso la te  o f 
Rhlzoblum except in the case o f Tf-JV-11 where a sign ifican t 
increase in nodule fresh weight was produced by another iso la te , 

R« (Table 5)* The fresh weight o f nodules was also higher ind
varieties TNV-12, Sxotic-5, Spanish peanut, Ait-12-24 and 
Ah-32 due to isolate R̂ * The response o f variety TSW-12 to 
Isolates dSAi-123 to R ,̂ £xotic-6 to R ,̂ Spanish
peanut to R̂  and R ,̂ T»W-11 to R>j, R̂  0)1(1 7̂* Ak-12-24 to R ,̂

5̂ 2nd and Ah-32 to and R̂  was s ta t is t ic a lly
on par with that obtained with the homologous iso la te  of 
Rhizoblum (Table 5 ).

In general, the average fresh weight o f nodules produced 
by Isolate ft, in d ifferen t varieties  o f groundnut was 
s ig n ifica n tly  higher than a ll the other isolates* Sim ilarly, 

TMV-12 and USAp-123 were the boat v a rieties  In terms o f  the 
fresh weight o f  nodules formed by d ifferen t iso la tes  o f  
rhizobia (Table 5 ).

Nodule dry weight

a* Response o f Individual iso la te  o f  Rhlzobiurr; to d ifferen t 
v a rie ties  o f  groundnut.

A uniform increase in nodule dry weight was produced in  a ll 
va r ie ties  by the homologous iso la te  o f  Rhizobium except in the 
case o f iso la te  Rj which produced a sign ifican t increase in
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lodule dry weight in varieties  auch as USA-123, Sxotic-6 and 
D1V-11 when compared to TMV-12 (ta b le d )*  The dry weight o f 

lodules was also higher in Spanish peanut by th is iso la te .

Phe dry weight o f  nodules due to iso la te  ^  in  variety TM7-12, 

l3* ^5 Gnd ^7 in ilj in Spanish peanut, in ‘̂ ^ -1 1 ,
^  in M;-12«24, and , f-U and in Ah-32 was s ta t is t ica lly  
>n par with the dry weight o f  nodules produced by the iso la tes  

Ln their respective host va rie ties  (Table 6) .

P. Response o f  Individual variety o f groundnut to d ifferen t 

iso la te s  o_f„rhigobia

In variety  TMV-12 and TMV-11 sign ifican t increase in dry 

weight o f  nodules was obtained with iso la tes  8^ and ^5 * r*2

respectively  when compared to  their homologous iso la te  o f  
foiaoblum (Table 6) .  Tho dry weight o f nodules in variety 

fMV-12  with iso la te  R *̂ Exotic-6  and Spanish peanut with Rg 
ms higher than with the homologous rhizobial iso la tes . The 
response o f variety TjW-12 to iso la tes and R^, Spanish peanut 

to R^, 'B3V-11 to R̂  and R^, Ak-12-24 to Rg ^7 * Ak-12-24 to 
and Ah-32 to Rg and R̂  was s ta t is t ic a lly  on par with 

that obtained with the homologous iso la te  o f  Rhizobium (Table 6 ) ,

In general, the average dry weight o f  nodules produced by 

Isolate &2 1 °  d ifferen t v arieties  o f  groundnut was sign ifican tly  
tighor than in a ll  the other iso la tes . Sim ilarly, U3A»123,
CiW-11 end Ah-32 were the best varieties  o f  groundnut in terns 
>f dry weight o f  nodules formed by d ifferen t iso la tes  o f 
rhizobia (Table 6) •

<2 and frU
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Table 6, Module dry weight (mg)* - Interaction between

Rtylzobi,uq isolates and groundnut varieties.

Rhizo.-
blum Groundnut variety  Mean
iso la te

TMV-12 US A-123 Sxo t i  o *6 Spanish TJW-11 
peanut

Ak-12-24 Ah-32

ni ^0.02 26.00 26.67 21.00 28.33 19.00 20.00 23.53

S2 34.33 2£%Q0 39.00 31.00 39.00 20.00 33.00 35*76

R3 23.67 37.00 ?3-.£5 27.00 35.00 15.67 36.67 30.33

,l4 16.33 24.33. 17.67 30*00 20.33 14.00 19.00 19.95

R5 25.00 23,00 20.00 24.00 & £ Z 14.33 25.00 22.57

% 10.33 13.67 12.00 15.00 15.33 12.33 14.14i

“7 17.67 35.67 22.33 16.00 25.00 20.00 2Z..Q0 22.24

Control 1.64 1.76 1.66 1.34 1.31 1.00 1.00 1.39

Mean 13.66 24.71 21.54 20.79 24.66 14.79 24.42

C.D. (5&) Cor comparison o f  lev e ls  o f  v a rie ties  -  2.41
C.D. (5&) fo r  comparison o f  lev e ls  o f  Rhizoblura -  2.57

C.D, (5?0 fo r  comparison o f  lev e ls  o f  variety x
ahi2obium interaction  <* 4.40

* Mean of 3 rep lications.

I



Plant fresh weifiht

a# Response o f individual Isolate  o f Rhizobium to d ifferen t 

varl,qfc^es o f  groundnut

Fresh weight o f  plants was maximum with the homologous 

iso la te  o f Rhizobium except with the iso la tes  R̂ » and R- 
which produced maximum fresh weight in the variety USA-123 
(fa b le  7 ) .  The fresh weight o f  plants du© to iso la te  R̂  
was also higher in variety Exotio-6 , Plant fresh weight due 

to iso la tes  and R̂  in variety Tr^-12, and in USA-123, 
Rg, R̂  and Ry in Exotio-6 , R^, and Rg in  Ah«32 was 

s ta t is t ic a lly  on par with fresh weight o f  plants by these 
iso la tes  in their respective host v a rie ties  (Table 7 ).

b. Response o f individual variety o f tyoundnut to d ifferen t 
j.qol.ate^ o f  rhizobia

A favourable response in f r e 3h weight o f  plants was 
obtained with the homologous Isolate o f  Rhizobium in a l l  the 
v a rie ties  except in the case o f  variety TMV-'i 1 where iso la te  

Rg produced sign ifican t increase In fresh weight. The fresh 

weight o f  plants In v a rie ties  TMV-12, Exotic-6  and Ah-32 with 
iso la te  R̂  w&s also higher than that obtained with their 

respective iso la tes  o f  rhizobia (Table 7 ). The response o f 
variety 7MV-12 to iso la te  Exotio-S to R^, Spanish peanut 
to Rp and R^» TMV-11  to R̂  and Ah-32 to R  ̂ and R̂  and 
Ak-12-24 to a ll  the other iso la tes  was s ta t is t ic a lly  on par 
with that obtained with the homologous Iso la te  o f Rhizobium 
(Table 7 ).



Table 7. Plant fresh weight (gF -  Interaction  between 
Bhlzobiuin iso la tes  and groundnut v a r ie ties  ,

Rhl2oblum Groundnut variety  Wean
Inalfttg ^ 2 3 * * E x o ’si c-5 Spanish TW-11 Ak-12-24 Ah-32

peanut

" 1
7,95. 7.85 4.54 4.55 5.44 4.55 5.92 5.69

«2 8.20 10.23. 9.23 6,63 3.37 4.95 7.84 7.94

H3
5,60 8.60 3,55 7.23 6.09 5.33 7.21 6.95

S4 5.30 7.52 7.63 7.35 5.73 4.90 • 6.90 6.47

" 9
5.85 6.95 5.92 5.60 6.30 5.05 5.09 3.90

*6 4.03 3.02 3.9S 4.00 4.09 5.32 5.00 4.37

a . 7.15 7.60 6.72 6 .12 5.82 5.43 7.75 6.54

Control 2.08 1.90 2.02 1.75 2.19 1.28 1.48 1.78

Mean 5.75 6.46 6.03 5.42 5.46 4iS7 6.00

i1111s»111! ■■tftm .ani.-. 1s1111ti11t11%

C.D* (5%) for comparison o f le v e ls  o f  v a rie ties  -  0.40

C.D. ( 5?$) fo r  comparison o f  lev e ls  o f  fthizobium -  0 .37
C.D. (5#) fo r  comparison o f le v e ls  o f  variety x

fthlzoblura interaction -  1.05

*  Ween of 3 replications.
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In general, the average fresh weight o f  plants due to 
iso la te  in d ifferen t varieties o f groundnut was s ign ifica n tly  

higher than a ll  the other isolates* Sim ilarly, US/i-123 was the 
best variety in terns o f  fresh weight o f plants due to inoculation 
with d ifferen t iso la tes o f  rh izobia (Table 7)•

Plant dry weight

a* Response o f  individual iso la te  o f  Rhizobium to d iffe ren t 

v a rie ties  o f groundnut.

Dry weight o f  plants was maximum with the homologous Iso la ti 
hhlzoblum except with the iso la tes R.̂ , l'U, tig and Ry which 

produced maximum dry weight in the variety  USA-123 (Table 3 )*

The increase in dry weight due to iso la te  in  variety XMV-12, 

Exotic-6  and Ah-32 was also higher when compared to i t s  host 
variety TMV-11. The dry weight o f plants due to iso la te  fig*

Kj and ftg in T8V-12 , ^  and R̂  in U3A-123, ^  * Kg, *4 , and 
fiy in Spanish peanut, , R4 , Kg and Ry in TttV-1 1 . ft̂  and 

in  Ak-12-24, and Hg in Ah-32 was s ta t is t ic a lly  on par with the 
dry weight o f  plants by these iso la tes  in their respective host 
varieties  (Table B)«

b. Kegppnae ° f  individual variety o f  groundnut to d ifferen t 
Iso la tes o f  rhizobia

A favourable response in dry weight o f plants v/as obtained 
with the homologous iso la te  o f  Rhizobium in a ll  the varieties  
except in varieties  XEV-12, TiW-11 and Ak-12-24. Increase in 
dry weight in TMV-12  due to iso la tes  R2 and R y  in IMV-11  due
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to R^, R^, and in Alt-12-24 due to R̂  was higher when

compared to the dry weight o f  plants by their respective 
homologous iso la tes or rh izobia. The response o f  variety 
TW-12  to iso la tes  FL and R-, Rxo t ic -6  to Rg, Spanish peanut 

to Rg» end R̂ > XPW-ii to R^, Ah-32 to RgP R^» R̂  and R̂  
and Ak-12-24 to a ll  other iso la tes  was s ta t is t ic a lly  on pur 

with the response o f these v arieties  to their individual 
homologous iso la te  o f  Rhizobium (Table 3 ).

In general, the average dry weight o f  plants due to 
iso la te  Rg in d ifferen t varieties  was sig n ifica n tly  higher than 
a ll  the other isolates* The increase in dry weight o f  plants 
due to iso la te  R̂  was also s ta t is t ic a lly  on oar with that o f  
iso la te  o f Rg# Sim ilarly, USA-123 proved to be the beat 
variety in terms o f  dry weight o f  plants due to inoculation with 

d ifferen t iso la tes  o f rh izobia. The response o f v a rieties  such 
as E xotic-6 , Spanish peanut and TMV-11 to Rhizobium inoculation 

was also equally good (Table 8 ) .
Plant height^

a. Response o f  individual iso la te  o f  Rhizobium to d ifferen t 

varieties o f  groundnut

A general increase in  plant height due to homologous iso la te
o f  Rhizobium was obtained only with iso la tes  R,j and lly. Isolates
Rg and produced sign ifican t increase in plant height in

v a rie ties  TF5V-12 and Ah-32 respectively  instead o f  in varieties
U3A-123 and Spanish peanut (Table 9)* The iso la te  R, also3
produced a sim ilar resu lt in variety Ah-32* The increase in
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JWHWn, Mnwf BMM H>WU11 * 1  ̂il ■! ITB i f  1 TT ~M rr IT ~“1

fthlzo-
bium Groundnut variety Hear
iso la te  xmV-12~U^A-123 Exotic-6  Spanish M - H  Ak-12-24 Ah-32

peanut

Table 3# Riant dry weight (g)* - Interaction between

Rhizobium isolates and groundnut varieties.

R1 1.49- 1.40 1 .44 1.03 1.46 1.15 1.27 1.3£

"2 1.66 £*05 1.91 1.60 1.55 1.14 1.52 1.31

R_ 1.59 1.96 i  m 1.45 1.44 1.15 1.38 1 . 6*

1.02 1.84 1.43 :uza 1.33 0.93 1.35 1.5£

«5 1.40 1.46 1.52 1.25 l a s 1.26 1.40 1.4;

«6 0.86 1.20 0.94 1.00 0.95 1.16 0.77 o.9S

R7 1.30 1.76 1.46 1.45 1.41 1.09 1.75 1.4:

Control 0.63 0.42 0.40 0.29 0.55 0.27 0.36 o,4;

Mean 1.26 1.43 1.34 1.29 1.31 1.03 1.19

C.D. (5$) Tor comparison o f  lev e ls  o f  v arieties  -  0.14
C.D.(5*0 for  comparison o f  lev e ls  o f fthlzoblum -  0.16
C.D,(5iS) fo r  comparison o f  leve ls  o f variety x

Rhizobium interaction  -  0.42

* Mean of 3 replications.
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plant height due to R *̂ R̂  and Rg in TMV-12, R^, R^, R̂  and 

Ftg in USA-123, R j, R2 » R^» R̂  and Rg In E xotic-6 , R^t and Rg 
in TMV-11, R^, R̂  and R̂  in Ak-12-24, R̂  and Rg in Ah-32 was 

s ta t is t ic a lly  on par with the height o f  plants by these iso la tes
i

in their respective host v a rie ties  (Table 9)#

b. Response o f  Individual groundnut v a rieties  to d ifferen t 

l£ 2 l ates o f  rhizobia

A favourable response in plant height was obtained with 
the homologous iso la te  o f  Rhizobium in a ll  the varieties  except 

in TMV-12 where the iso la te  FL, produced: sign ifican t increase 

in plant height (Table 9)« The response o f  variety TMV-12 to 
iso la te  R *̂ R  ̂ and R^, USA-123 to R^, R̂  and R^, RMV-11  to 
R̂  , , R̂  and R^, Ak-12-24 to R^, R̂  and R^f Ah-32 to

^2* ^3* ^4* ^5* %  an<* varieties  Sxotic-S  and Spanish peanut
to a ll  the other iso la tes was s ta t is t ic a lly  on par with that 
obtained with the homologous iso la te  o f  Rhizobium. The increase 
in plant height in control plants o f v a rieties  Spanish peanut 

and Ah-32 was also s ta t is t ic a lly  on par with that o f  the 
homologous iso la tes  o f  Rhizobium (Table 9 ) ,

In general, the average height o f  plants due to the iso la te  
Rg in d ifferen t va rie ties  o f  groundnut was s ig n ifica n tly  higher 
than that due to a ll  the other iso la tes . S im ilarly, Ah-32 was 
the best variety  in terms o f  plant height due to inoculation 
with d ifferen t iso la tes  o f  rhizobia.
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Groundnut variety Mean
iso la te  40 !1CA_'l<5‘S Kv.n4-4r._fi «nQn1 ch T’Mtf..1 *1 Air—19-PZl Ah-^P

Table 9. Plant height (cm)* - Interaction between

Rhizobium isolates and groiidnut varieties#

peanut
I H I B - H T - T T T -

R1 43-.S7 44.83 42.77 31.50 45.50 34.47 36.00 39.96

R2 53.33 M^a 43.53 37.33 49.33 40.00 59.33 49.93

a ,

j

43.40 42.90 ftaJS 36.67 42.33 45.17 56.83 44.37

V 42.83 35.17 39.57 ??«5Q 32.93 55.03 56.33 40.91

R5 45.50 36.60 41.50 40.37 34.17 50.67 41.96

R6 37.33 33.83 40.17 29.40 29.50 55.9-73- 43.33 35.61

R7 ' 43.93 43.60 43.17 36*27 33.26 36.50 53.33 43.15

Control 30.07
i S

32.40 31.67 29.50 30.53 29.83 35.83 32.33

Mean 43.94 33.46 43.21 35.57 37.43 37.24 50.83

■ C.D. {5%) fo r comparison o f lev e ls  o f v a rieties -  3. 19
C.D, (55a) fo r  comparison o f lev e ls  o f  Rhizobium -  3,41

C.D, (5%) fo r  comparison o f lev e ls  o f  variety  x

Rhizobium interaction  -  9.03

* Mean o f  3 rep lications.
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Percentage nitrogen content o f Plants

a. Response o f  Individual Isolate o f Rhlzobiuiri to d ifferen t 

v a r ie ties  o f groundnut

The percentage nitrogen content o f  plants was maximum 

only with the homologous iso la tes  Rg* and Rg (Table 10), 
Isola te  produced s ig n ifica n tly  higher nitrogen content 
in U3A-123 when compared to TMV-12 . The percentage nitrogen 
content o f  plants due to iso la tes  R^, R̂  and Ry in USA-123,
R^, R(- and Ry in  E xotic-6 , Ry in  TMV-12 and Spanish peanut 

was higher than the nitrogen content o f  the homologous host 
variety . Increase in nitrogen content due to Isola te  and 
Rg in TMV-12, R̂  in E xotic-6 , R̂  and Ry in TMV-11 and in  

Ah-32 was also s ta t is t ic a lly  on par with the nitrogen content 

o f  plants by these iso la tes  in their respective host v arieties  
v a rieties  (Table 19).

b. Response o f Individual variety o f groundnut to d ifferen t 
iso la tes  o f rhizobia

A favourable increase in nitrogen content o f  plants was 
obtained with the homologous Isolate  o f  Rhizobium in a ll  the 
v a rie ties  except In the case o f  Exotic-6  and TMV-11 where 

s ign ifica n t increase in nitrogen content was obtained with 
another iso la te  Rg (Table 10). The percentage nitrogen content 
in varieties  IMV-12, Ak-12-24 and Ah-32 due to iso la te  Rg 
and in Ah-32 due to iso la te  was higher than the nitrogen 
content obtained with the homologous iso la te  o f  rhizobia.
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IM S oblurn Groundnut variety Mean
i  sol ate — —  ---------     — -----  —

TMV-12 USA-123 Kxotic-S Spanish TfW-11 A*-12-24 Ah-32

Table 10. Percentage nitrogen content^ - Interaction

between Rhizobium isolates and ground varieties

peanut

ai I fJ l 3.70 3.16 2.31 3.05 2.54 2.75 2.99

*2 3.26 4.13 3.99 3.44 3.72 2.93 3.03 3.51

S3 3.14 3.73 3.57 2.90 2.9,0 2.49 2.95 3.10

3.00 3.14 3.00 2.90 2.55 ' 2.31 2.91

ti-3 2.76 3.44 3.18 2.39 3>08 2.33 3.05 2.39

% 2.39 2,21 2.36 2.11 2.25 2,72 2.30 2.43

Hy 3,05 3.23 3.10 3.40 2.S6 2.37 Jkog 3.01

Control 1,41 1.43 1.25 1.43 1.34 1.45 1.54 .1,43

Mean 2.74 3.03 2.95 2.74 2.76 2.43 2.76

C.D, ( 5$) fo r  comparison o f  leve ls  o f  varieties

C.D. (5$) fo r  comparison o f  levo ls  o f Rhlzoblut^
C.D, (5$) fo r  comparison o f  lev e ls  o f  variety  x

Rhizobium interaction

* Mean o f 3 rep lications.

-  0.15
-  0.14

-  0.39
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The response o f  variety IsW-12  to iso la tes  R y  011(1 ^7 *
U3A-123 to R *̂ Exotic-6  to Spanish peanut to Rg and R^,
THV-11 to R3> R̂  and Ry, Ah-32 to ^ , R  ̂ end R̂  and Ak-12-24 
to a l l  other iso la tes  was s ta t is t ica lly  on par with that obtained 

with homologous iso la te  o f  Rhizobiuro (Table 10).

In general* the average nitrogen content o f  plants duo to 
iso la te  Rg was s ig n ifica n tly  higher than a ll  the other iso la tes . 
Sim ilarly, USA-123 was the best variety  in terms o f  percentage 
nitrogen content o f  plants due to inoculation with d ifferen t 
iso la tes o f  rhiaobia* The response o f variety  S x o tioS  to 
Rhlzobluro inoculation was also s ta t is t ic a lly  on par with the 

variety USA-123 (Table 10).

Physiological and .serological, characteristics ,o f  d ifferen t 
iso la tes  o f  rh^zobla

*■» l."- r •

a. Growth In veaat extract monnltol broth
\

Rate, o f  growth o f a ll  the seven iso la tes  o f  rhizobta in yeast 
extract mannitol broth was determined colorim etrica lly . Moon 
values o f O.D obtained at 6 h. intervals to 72 h. o f  incubation 
•are presented in Table 11. All the iso la tes  had an almost 

identica l fa s t  rate o f growth (F ig .2) .  Isolates Rg antl ‘*3 reached 
the stationery phase in 42 h, while the remaining iso la tes  ilj,
R »̂ Rj» Rg and Ry reached the same in 43 h. There was no growth 
fo r  any o f the iso la tes  tested after 54 h, o f  incubation.

b. pH tolerapce

Tolerance to a wide range o f pH from 3.0  to 11.0 was tested 
fo r  a ll the seven iso la tes  o f  rhiaobia in yeast extract mannitol



Table 11. Growth o f d iffe ren t iso la tes  o f  rh izobia  in 
yeast extract mannltol broth.

Rhlzobimn G.D .'values at 6 h. in tervals*.
iso la te   ----------*—- — -------------------  — «------ -------- ------------------------ --------- -----------------------------------------------

0 6 12 18 24 30 36 42 43 54 60 66 72

H1 0.020 0.045 0.065 0.035 0. 130 0 . 150 0.130 0.220 0.260 0.260 0.260 0.260 0 . 260

R2 0.020 0.065 0.130 0.160 0. 240 0 . 320 0.400 0.450 0.450 0.450 0.450 0.450 0. 450

R3 0.015 0.050 0.120 0.150 0 . 220 0. 290 0. 300 0.373 0.373 0.375 0.375 0.375 0. 375

K4 0.020 0.040 0.100 0.110 0. 140 0. 170 0.200 0.250 0.290 0.290 0.290 0.290 0. 290

ri5 0.015 0.035 0.050 0.090 0. 120 0. 185 0.200 0.260 0.285 0.285 0.285 0.235 0. 285

% 0.020 0.025 0.035 0.065 0. 100 0. 130 0.150 0.200 0.210 0.210 0.210 0.210 0. 210

R? 0.015 0.030 0.050 0*090 0. 125 0 . 170 0.250 0.280 0.300 0.300 0.300 0.300 0. 300

* Mean o f  3 rep lica tion s .

cn
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Table 12 ,

O.D. values at 24 h. intervals*

Isolate

0 24 . 43 72

3 0.025 0.025 0.025 0.025

5 0.020 0.050 0.095 . 0.095

7 0.015 0.205 0.230 0.230

9 0.010 0.070 0.115 0.115
1 1 0.020 0.020 0.020 0.020

.D.
(554) 0.025 0.030 0.040

Iso la te  Rj

pH O.D. values at ,ln teryalsL *__
0 24 43 72

3 0.015 0.015 0.015 0.015
5 0.010 0.095 0.155 0.155
7 0.010 0.220 0.370 0.370

9 0.015 0.110 0.195 0.195
11 0.020 0.020 0.020 0.020

C D
( 5 * 3  0.030 0.050 0.050

pH tolerance o f d iffe ren t Iso la tes o f  Rhizoblum

Iso la te  R2

pH O.D. values at 24 b. in tervals *
0 24 43 72

3 0.015 0.015 0.015 0.015
5 0.010 0.055 0.090 0.090
7 0.010 0.250 0.510 0.510

9 0.010 0.065 0.100 0.100

11 0.025 0.025 0.025 0.025
O.D.
C 5» 0.025 0.070 0,070

Iso la te  f<4

pH O.D. values at 24 h. intervals *
0 24 43 72

3 0.020 0.020 0.020 0.020

5 0.010 0.035 0.135 0.135
7 0.020 0.185 0. 310 0.310

9 0.015 0.060 0.150 0.150
11 0,010 0.010 0.010 0.010

C.D.
(5*) 0.031 0.190 0.190



Isolate «5 Isolate Rg

pH 0.D. values at 24 h. in terva ls  *
2k 48 72

pH values at 24 h. in ter v a l s *
0 2k , 43 72

3 0.010 0.010 0.010 0.010 3 0.0.15 0.015 0.015 0.015
5 0.020 0.040 0.090 0.090 5 0.015 0.040 0.090 0.090

7 0.010 0.190 0.280 . 0.230 7 0.020 0 .110 0.210 0.210

9
11

0.025
0.025

0.065
0.025

0.165
0.025

, 0.165 
0.025

9
11

0.010
0. 020-

0.050
0.020

0*100
0.020

0.100
0.020i • 

i 
I! r?1* 

<
1 W

'-' 
1 

1 
i 0.040 0.113 0.113

C.£
(3>- 0.030 i 

- 
i

I I 1 o i ♦ 1 o IS 1 
1 

1 
< 

t 
1

0.090

Iso la te

S 
i

i 
i 

i 
i

pH mgi_Q_.P. v a lu e s at 2 4 h> _ in terval a *
0 24 40 72

3 0.020 0.020 0.020 0.020

5 0.010 0*055 0.100 0.100
7 0.015 0.150 0.250 0.250
9 0.020 0.090 0.150 0.150

11 0.025 0.025 0.025 0.Q25
C.D.
(5») 0.033 0.051 >.051

<T)
ro

* Mean, o f  2 rep lica tion s .
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broth. The extent o f growth was measured in terms o f O.D,

The mean Values fo r  the same are presented in Table 12 and 

their analysis o f  variance in Appendix I I I ,

The various Isolates tested showed a sim ilar pattern o f  
growth at d ifferen t lev e ls  o f pH, S ign ificant growth was 

obtained only at pH 7*0. Growth o f  a l l  the iso la ted  was 
minimum at pH 5*0 and 9*0 and absent at pH 3*0 and 11,0 
(Table 12, F ig .? ).

c. Antibiotic sen s itiv ity

The seven iso la tes  o f  rhizobia were tested fo r  their 

sen s it iv ity  to the a n tib io tic , streptomycin at concentrations 
ranging from 50 to 500 microgram per ml. The growth in yeast 

extract mannitol broth containing the various concentrations 

o f  the a n tib iotic  was measured in terms o f O.D, Mean values 

o f  these observations are given in Table 13 and the analysis 
o f  variance in Appendix IV.

Growth o f a ll  the Isolates o f  rhizobia except Rg and rU, 

was moderate at 125 microgram per ml and completely inhibited 

at 250 micro gram per ml. iso la tes  ^  were able to
grow to some extent at 250 microgram per ml. Rut there was 
no growth at 500 microgram per ml (Table 13» F ig .A ).

d. Serological studies

Antiserum prepared fo r  the three iso la tes  o f  rhizobia, 
and, Rg was used to study the serologica l relationship o f  a ll  

the seven iso la tes  o f  rh izobia, by the whole c e l l  agglutination



Table 13. S en sitiv ity  o f  d iffe re n t  is o la te s  o f  Hh^aobiun to 
Streptomycin sulphate*

CT5

Levels o f  
a n t ib io t ic

Iso la te  -

G.D. values at 24 h. intervals* 
0 24 48, 72

Iso la te  R.

Levels o f  
a n tib io tic
{Hg/cai)

O.D. values at 24 h* intervals* 
0 24 48 72

50 0.015 0.215 0.215 0.215 50 0.030 0.290 0.9430 0.430
125 0.020 0*095 0.190 0.190 125 0.025 0.175 0. 215 0.215
250 0.020 0.020 0.020 0.020 250 0.020 0.070 0.f!1Q 0.110
500 0.015 0.015 0.015 0.015 500. 0.030 0.030 0. 030 0.030
C.D.
{5%) 0.021 0.049 0.049 C.D*

(5*) 0.024 0.091 0.031 .

Level, a o f 
a n tib io t ic

Iso la te  Rij 

0 , D, v&iuea at 24 h. Interval a* Levels o f  
a n tib io t ic

Iso la te  -1̂

0.2). values at 24 h, intervals*

(Pg/nl) 0 24 48 72 (Fg/ ml) 0 24 48 72

50 0.030 0.200 0.340 0.340 50 0.030 0.165 0.265 0.265
125 0.010 0.140 0.210 0.210 125 0.015 0.065 0.120 0.120
250 0.040 0.065. 0.090 0.090 250 0.045 0.045 0.045 0.045
500 0.045 0.045 0.045 0.045 500 0.020 0.020 .0.020 0.020
C.D.
(5&> 0.021 0.049 0.049

C.D.
(5%) 0.037 0.053 0.063



Isolate R- Isolate Hg

O.D, values at 24 h. Intervals* Levels o f O.D. values at 24 h. In terva ls*1

(P g/ ml) 0 24 48 72 (Pg/ml) 0 24 43 72°'

■ 50 0.010 0.190 0..235. 0.285 50 0.015 0.155 0.225 0.225
125 0.020 0.145 0.175 0.175 125 0.015 0.100 0.165 0.165
250 0.025 0.025 . . 0.025 0.025 250 0.020 0.020 0.020 0.020
500 0.020 0.020 ' 0.020 0.020 500 - 0.010 0. 010. 0.010 0.010

C.D.
(556) 0.030 0.110 0 ,110 C.D.

(535) 0.040 0.034 0.034

Iso la te

a n tib io tic  C*D* values h* intervals*
(Pg/ml) 0 24 48 - 7 2

50
125
250
500

0.030 0.145 0.260 0.260
0.030 0.090 0.165 0.163
0.020 0.020 0.020  0.020
0.025 0.025 0.025 0.025

O.D.
(5$) 0.040 0.041 0.041

CD
C/I

* Mean o f  2 rep lica tion s
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test* The antiserum prepared fo r  iso la tes  R »̂ and Rg was 
in i t ia l ly  tested fo r  their t it r e  values using homologous antigens. 

Agglutination of. the homologous antigen was obtained 'with the 

800 d ilu tion  o f  the respective antiserum (Table 14).

In the serologica l characterisation o f  d ifferen t iso la te s , 

agglutination was obtained only with the homologous antigen 
except in  the case o f  iso la te  R̂  which agglutinated with the 

antiserura fo r  iso la te  (Table 15, Plates'6 ,. 7 and 8) ,



Table 14. T ltre value o f antisaruu by tube aggluiinatLon teat

Antis^rua 
fo r  iso la te  

o f
fthlcoblum 50 100

Dilution o f  iintieerua 

200 400 800 1,600 3,200 6,400

!!3

^5

il6

+ Positive reaction

-  Negative reaction

05̂5



6 8

Table 15. Serological characterisation o f  d ifferen t iso la tes  

o f  rhizobia

fthizobium
iso la te

Antiserum fo r  iso la te

R3 *5 "6

Ra1

R2

Hj

%

%

R&

R7

+ Positive reaction 

-  Negative reaction



P la te  6. Hi be a g g lu tin a tio n  te a t  fo r  s e r o lo g ic a l c h a ra cte risa tio n  

o f Rhlzoblum I s o la te s  usin g antiserum prepared again st  

is o la t e  Rj*

a g g lu tin a tio n  t e s t  fo r  s e r o lo g ic a l ch a ra cte risa tio n  

of Rhizoblum I s o la te s  u sin g antiserum prepared again st  
Is o la te



i l las*”

Plate 8. Tube agglutination teat fo r  serologica l characterisation 
o f Rhizobium Isolates using antiserum prepared against 
Isolate





DISCUSSION

the current in terest in  the.use o f  plant proteins as a 

substitute fo r  animal proteins in developing countries had 
led  to the development o f  many new v a r ie ties  in pulses with 

high yield ing potential# However, one o f the problems with 
these varieties  i s  the lack o f  proper nodulation and the 

consequent necessity to use fe r t i l iz e r  nitrogen fo r  their 
cultivation# This anomaly occurs either due to certain inherent 

physiological factors o f the host variety acting against 
nodule formation or due to the lade o f  appropriate strains o f  

rhizobia fo r  nodulation in them# This has led  to the intensive 
screening o f  d ifferen t varieties  o f  pulses fo r  proper nodulation 

so that one can cap ita lise  on the natural phenomenon o f  
symbiotic nitrogen fixa tion  fo r  getting nitrogen economy and 

optimum yield# I t  i s  with th is ob jective  in mind that the 

present investigation  was carried out. Can there be a host- 
varieta l s p e c if ic ity  fo r  Hhlzoblum a ffectin g  nodulation in 

groundnut? An attempt i s  made to answer th is question by 
studying the nature o f nodulation and the resulting benefits 

in  seven selected v a rie ties  o f  groundnut by rhizobia isolated  
from them in a ll  possible combinations#

A pot culture experiment was done in i t ia l ly  to study the 
pattern o f  nodulation in f ifte e n  va rie ties  o f  groundnut. The 
d ifferen t v a rieties  tested showed a clear d ifference in the 
number o f  nodules formed in them by native rhizobia already 
present in the s o i l .  Based on the significant; difference in
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the number o f  nodules formed In these v a rie ties  they were 

arranged Into f iv e  d is tin ct nodulaiion groups* In each o f 
th is  group, the minimum number o f  nodules formed in a particular 

variety  was always higher than the maximum number o f nodules 
formed In a variety in  the immediate succeeding group* Having 
thus observed a certain degree o f  variation  in the number o f 

nodules formed, further study was conducted to see whether i t  
was the same strain o f  Rhizoblum that had formed nodules in 
a l l  these varieties*. This was tested by selecting  seven 
v a rie ties  o f  groundnut representing each o f  the above mentioned 

nodulation group except group IV which could not bo Included 

due to reasons mentioned earlier*

Rhlzoblura was isolated from the following seven varieties 
o f groundnut, TMV-12, USA-123, Exotic-6, Spanish peanut,
TfW-11, Ak-12-24, and Ah-32* All these iso la tes  were gram- 

negative, non-spore forming rods which produced the typical 

white, gummy and transluscent colon ies on yeast extract inarmito 1 

agar medium after 72 h* o f  Incubation at 28 + 1®C* None o f  

the Isolates grew well on glucose peptone agar or produced acid 

on ketolactose medium confirming the basic characteristics o f  
tthizoblum as described by Vincent (1970)*

The d ifferen t iso la tes  o f  rhizobia were then used to study 
their host-varietal s p e c if ic ity , by conducting a pot-culture 
experiment under aseptic conditions in a glass house* The 
8 x 7 fa c to r ia l experiment had 8 leve ls  o f culture treatments 
and 7 le v e ls  o f  h03t varieties* In th is experiment each o f
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the seven iso la te  o f  flhlzoblum was used for  Inoculating i t s  

own homologous host variety as well as tho remaining six  

heterologous host varieties*

The plants were grown for 60 days and observations on 
the number o f  nodules formed* fresh and dry weight o f  nodules 

and plants* plant height and percentage nitrogen content were 

taken* Data for  these observations is  interpreted In two 

possible ways as the response o f individual iso la te  of 
Rhizobium to d ifferen t varieties o f groundnut and as the 
response o f  each variety to d ifferen t iso la tes o f  rhizobia*
Out o f those* the former is  mainly re lied  on to study tho 
presence o f  host-varietal s p e c if ic ity  o f  Rhjzoblum. i f  any,' 

in groundnut.

In general, a favourable response fo r  a ll  the plant- 
characters studied was obtained when an iso la te  o f Rhlzobium 
was used fo r  inoculating i t s  own homologous host variety. 

Muthusaiay ("1970)* Caldwell and Vest (1979) end vfynne (1980) 
have also reported sim ilar response fo r  rh lzob ial strains in 
groundnut* The e f fe c t  o f  inoculation with each o f the seven 

iso la tes  o f  Rhizoblum on nodulation end other characters in 

both the homologous and heterologous host varieties  is  shown 

in F ig .5 to 11. Certain exceptions to the above general 
observation was also noticed. For example* iso la te  produced
sign ifican t increase in nodule dry weight in varieties USA-123, 
Dxotic-6 and TMV-11 when compared to i t s  homologous host variety 
TMV-12, A s ign ifica n t Increase in nitrogen content was also



Grading o f plant characters for  
graphical representation.

Character
Grade 

Low Medium High

Nodule number

Nodule fresh weight(ng)
Nodule dry weight (mg)

Plant fresh weight (g)
Plant dry weight (g)
Plant height (cm)

Percentage nitrogen 
content

Scale taken

Value

30-59 60-89 90 and above*

20-59 60-109 110-150
0-20 . 21-40 41-60.

2 .0 -5 .5  5.6-8*5 8.6-11.0
0*45-1.05 1 . 06- 1 .70 1.71-2.30 
20-32 33-47 48-60

2 .0-2 .74  2.75-3.49 3.50-4.25

0 .5  cm 
1

1 cm

2

2 cm

3

Note# The figure within the c ir c le s  in graphs represents 
the sum to ta l o f  the values o f grades fo r  each 
character.
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produced by th is  iso la te  in variety USA-123* Sim ilarly, 

iso la tes  R2» produced sign ifican t increase in plant

height in varie ties  TMV-12 and Ah-32. Such variations in the 
response o f  rh i20b ia l strains in groundnut i s  observed earlier 
also by Singh et (1976) when they found that the fthizobiuia 
iso la te  from groundnut variety THV-3 was in e ffe ctiv e  in th is 

variety when compared to two other iso la tes  o f  rhizobia obtained 

from a wild Variety, Arachls duranensis.

Although during the present investigation, observations 
on seven different plant characters were taken to (Study the- host- 
varietal specificity  of fthizoblutn. i t  may be pointed out that 
the efficiency of a leaume-fthizobium symbiotic system is  
primarily reflected in the number o f nodules formed and the 
resulting nitrogen content of the plants* The former character 
indicates the competitive and invasive ability  of a rhizobial 
strain and the latter Its nitrogen fixing ability. A brief 
review o f early work done in this f ie ld  supports this concept, 
Albrecht (1943) assessed the effectiveness o f,s ix  single strains 
o f cultures of rhizobia with Spanish peanuts in terms of the 
number of nodules formed and nitrogen content o f plants. Brdman 
(1947) found that the total nitrogen content and nodule number 
are highly correlated end used them to study the strain Variation 
and host specificity  of Rhizobium trlfo li^  in four species o f,
Trlfolium. Vincent (1970) reported that the most direct basis fo r  
evaluation o f  symbiotic e ffic ie n cy  is  to measure the nitrogen 
content o f  the plants. Similar assessment o f  symbiotic system 

is  also made by Schneewis e t  (1976)* Alagawadi (1979), Shath
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(1979) and Wynne £& (1980) in groundnut; Varela and ftun£war.-
(1978) and Ftigashatti and Wagner in soybean; Dadarwal et al#(1975) 
and Raju and Samuel (1976) in chikpea, and Singh jal* (1979) 
in pigeon pea# Hence, in the present study also an attempt la

n
made to interpret the host-varietal specificity  in terms o f the

i
number o f nodules formed and nitrogen content o f the plants#

In the study on the response of individual isolates o f 
Rhlzoblum to different varieties of groundnut, i t  was found that 
a ll the isolates except produced maximum number o f nodules 
in their respective host varieties. However, a corresponding 
high nitrogen content oil plants was obtained only with three o f 
the isolates,, Rg* and Rg# This indicates a beneficial 
association as well as an apparent host-vorietal specificity  
o f these isolates# This observation i3 further supported by ths 
fact that the association o f these rhizobia with certain other 
host varieties resulted in sigaifleant reduction in nodule 
number and nitrogen content when compared to their respective 
homologous host-varieties# The Isolate Rg produced significantly 
less number of nodules in a ll host varieties other than USA-123#
A corresponding significant decrease in nitrogen content o f .

i

plants was also observed except in the case o f variety Exotio-6# 
Isolate produced significantly less number o f nodules and 
nitrogen content in all varieties except, UsA-125# Similarly, 
isolate produced significantly less number of nodules and 
nitrogen in varieties such as TMV-11 and Ah-32.
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However, i t  would be seen that the varieta l sp e c ific ity  

shown by these iso la tes  was not an absolute phenomenon. Evidence 
fo r  this comes from the fa c t  that these iso la tes could produce 
equally good resu lts in some other v a rie ties  o f groundnut. Thus, 

the nitrogen content o f  variety  Exotio-S due to iso la te  ^  wa3 

s ta t is t ic a lly  par with the nitrogen content o f  variety U3A-123* 
The number o f  nodules formed and nitrogen content o f  variety 
U5&-123 t by iso la te  was also s ta t is t ic a lly  on par with that 
o f  Spanish peenut, the homologous hoat-variety o f  this iso la te . 
Sim ilarly, the number o f  nodules produced by iso la te  Pt̂  in USA-12; 

and Spanish peanut, and nitrogen confeent o f  plants in va rie ties  
Tr-W-12  and Exotie-S ;was s ta t is t ic a lly  on par with that of 
Alt-12-24. These observations therefore indicate that the host- 
varietp l s p e c if ic ity  o f rhizobia as seen here is  not absolute* 
Further, i t  appears that the benefits resu lting from th is type o f  
varying association is  more o f a host determined phenomenon.
Such a ro le  fo r  the host genotype has been put forward by other 
workers also (Caldwell and Vest, 1979, and V/ynne &£ -t, 1930).

The behaviour o f other iso la tes  o f  rhiaobia also supports this 
hyCibfchosis. The nitrogen content o f  plant varieties USA-123, 
E xotic-6 , Spanish peanut and THV-11 was either sign ifica n tly  
higher or s ta t is t ic a lly  oa por with p f -1 2  despite the fa ct th at' 
iso la te  did net produce assy sign ifican t increase in nodule 

number in these varie ties . S im ilarly. the number o f  nodules 
produced by £solat* R in  and although was
s ta t is t ic a lly  on par with i t s  host variety E xotic-6, th© nitrogen
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content o f  these plants was s ig n ifica n tly  less* Such variations 

can also be seen in the case o f iso la tes  and tty. Thus a 
given strain o f  tlhlzoblum ©vonthough competitive and e f f ic ie n t  

in nodule formation and nitrogen fixa tion  in one variety may 
not produce the some resu lt in another host variety  which may 
have certain inherent physiological lim itations to favour th is 
symbiotic phenomenon* Xt is  worthwhile to reca ll her© the 

existence o f  non-nodulafcion v a rie ties  in soybeans. This w ill, 
in fa c t , be a serious problem which breeders o f  new varieties 
o f  pulaes w ill have to take into consideration, fo r , the lach o f  
e ffe c t iv e  nodulation in pulses w ill lead to the higher use o f  
f e r t i l iz e r  nitrogen fo r  their cu ltivation .

Another aspect o f  the present investigation was to see whether 
one can se lect a rh izob ia l strain which has got an e f f ic ie n t  
com patibility, with more than one groundnut variety  and whether 

one can se lect a variety which can show a favourable response 
to inoculation with more than one rh izobial strain . From the 

mean values presented in tables 4 and 10 fo r  nodule number and 
nitrogen content, one can see that iso la tes  rtg and are more 
compatible with d ifferen t host v a r ie ties , when compared to a ll  

other iso la tes  o f rhizobia in terms o f  the symbiotic e ffic ien cy  
measured by the average number o f  nodules formed and the nitrogen 
content o f  plant v a r ie ties . Sim ilarly, groundnut varieties  
USA-123 and Bxotic-6  showed the most favourable response -to 

inoculation with d iffe ren t iso la tes o f rhizobia. Similar response 
o f  certain v a r ie ties  o f groundnut to Hhlzoblum inoculation is



reported by Wynne at ai  ̂ (1978,). further, Wynne ©& (1930)
have suggested that by selection  o f sp e c ific  hoat-atrain 
combinations or by selecting  strains and/or va rie ties  with 

adaptation to a broader range o f  host v a r le tiea /dhlzoblum 

iso la te s , increased symbiotic benefits can be obtained in 

groundnut crop.

The la st part o f  th is study was mainly concerned with the 
possible strain variations, i f  any, between th© seven iso la tes  
o f  rh izobia. I t  was observed that a ll  the iso la tes  had an 
indontial fa s t  rate o f  growth and tolerance to d ifferen t lev e ls  
o f pH between 5.0 and 9 .0  Studies conducted by H-a^agopelan 
(1933), Habiah and Khairi (1965) and Yadav and Vyas,( 1970) 
support th is observation. In the case of a n tib io tic  sen s itiv ity , 
some difference between the seven iso la tes  o f  rhizobia war© 

noticed . The iso la tes  and w©1*© more resistant to streptomycin 
sulphate upto 250 f1 g/ml while the remaining iso la tes  were a ll  
sensitive to this concentration o f  the a n tib io tic . Use o f  
resistance to streptomycin sulphate has been recommended for 
strain id en tifica tion  by Brockwell e t  a I. (1979), But the more 

in teresting observation here was that iso la tes  Qn̂  ^3 were 
the moat e f f ic ie n t  and compatible strains when compared to a ll  
other iso la tes  o f  rhizobia indicating a certain degree o f 

correlation  between resistance to th is a n tib io tic  and symbiotic 
e ffic ie n cy . The more competitive nature o f  such m izob ia l 
strains IB reported ea rlier  by Qm Prakash (1930).



78

In tho serologica l ch aracterisa tion  complete iden tifica tion  

o f various iso la tes  o f rhizobia was not done since serum fo r  only 
throe iso la tes  ^5 and Rg could be prepared. Tube agglutination 

studies showed that these iso la tes  were d is t in c t , from one 
another and also from the remaining iso la tes  o f  rhizobia except 

R̂  which 3howad a positive agglutination with the antiserum fo r  
iso la te  Regarding the agglutination o f  iso la te  Fî  with the

antiserum for  R^, one may conclude that these iso la tes  are one 

and the same strains. But the apparent difference in plant 
characters due to inoculation with these iso la tes in varieties  
Ti'W-12 and IMV-11 indicate that they are related but not iden tica l 
strains* A more conclusive resu lt would have been obtained by 
a precip itin  reaction which could not be done during the present 
investigation due to the re la tiv e ly  low t itr e  value o f  various 

antisera. However, I t  is  interesting to note that host varieties  

TtfV-11  and TI‘tV-12  are probably the most related o f  a ll  the 

d ifferen t varieties  o f groundnut used fo r  the present investigation* 
Can there be then such subtle variations in rh izobial strains 

also to indicate such close relation  not amounting to the complete 

identlfiy o f  both the iso la tes as one and the same strain?
However, much sore work in th is direction would be necessary to 
arrive at defenitlve conclusions.





An investigation  was carried out at the College o f 

Agriculture, Vellayani, Kerala to study the p oss ib ility  o f  
host-varietal s p e c if ic ity  o f  iihizoblum fo r  nodulation in 

groundnut.

A pot culture experiment was done in i t ia l ly  to study the 
pattern o f nodulation in fifteen  varieties  o f groundnut. Based 

on the sign ifican t difference in the number o f  nodules formed 

In these varieties  they ware arranged into fiv e  d istin ct 
nodulation groups. In each o f th is group, the minimum number

N.

o f  nodule formed in a particular variety was always higher 
than the maximum number .of nodules formed in a variety in  
the immediate succeeding group. Seven varieties o f groundnut 

fHV-12, USA-123, S xotic-6 , Spanish peanut, TfW-1 1 , Ak-12-24 

and Ah-32 were selected from among these groups fo r  further 
studies.

Rhizoblum was isolated  from the above seven varieties  

and pure cultures were maintained. All these iso la tes  were 

gram-negative, non-spore forming rods which produced the 
ty p ica l, white, gummy and transluocent colon ies on yeast 

extract mannitol agar medium after 72 h. o f  incubation at 
23 + 1°C. None o f the iso la tes  grew well on glucose peptone 
agar or produced acid on kefcolactoce medium, confirming the 

basic ch aracteristics o f  Rhizoblum as described by Vincent 
(1970).

SUMMARY



A pot culture experiment was then conducted under aseptic 

conditions in a glass house to study the host-varietal sp ecific ity  

o f d ifferen t iso la tes  o f rhizobia. The 8 x 7  fa cto r ia l 
experiment had 8 leve ls  o f treatments and 7 lev e ls  o f host 
v a r ie ties . One representative rh izobial iso la te  taken from 
each variety was thus used fo r  inoculating i t s  homologous hoat 

variety as well as the remaining s ix  heterologous host v a rie ties .

The plants were grown fo r  60 days when the observations 
such as nodule number, fresh and dry weight o f  nodules and 

plants, plant height and percentage nitrogen content was taken. 
Data fo r  these observations is  interpreted in two possible ways 
as the response o f  individual iso la te  o f  fthlzoblum to d ifferen t 

v a rieties  o f  groundnut and as the response o f  each variety to 

d ifferen t iso la tes  o f rh izobia. Out o f  these, the former was 
mainly re lied  on to study the presence o f  host varietal 
s p e c if ic ity  o f Rhlzoblutn in groundnut.

In general, a favourable response for  a ll  the plant 
characters diudled was obtained when an iso la te  o f  Rhlzoblutn 
was used fo r  inoculating i t s  own homologous host variety, 
however, certain exceptions were also observed. For example, 
iso la te  produced sign ifican t increase in nodule dry weight 

,in v a r ie ties  such as U3A-123* Exotic-6 and TM7-11 when compared 
to i t s  homologous host variety 'TrtV-12, A sign ifican t increase 
in nitrogen content was also produced by this iso la te  in 

USA-123. Sim ilarly, iso la tes  ^  enU produced sign ificant 
Increase in  plant height in V arieties TMV-12 and Ah-32.



Although during the present investigation , observations 

on seven d ifferen t plant characters were taken to study the 

host-varietal s p e c if ic ity  o f rthlzobluau i t  may be pointed out 
that the e ffic ie n cy  o f a leflume-fthlzobium symbiotic system i s  
primarily reflected  in the number o f  nodules formed and the 

resulting nitrogen content o f the plants* Hence, for the 
present study also attempt i s  made to interpret the host-varietal 

sp e c ific ity  in terms o f  those two characters.

In the study on the response o f  individual iso la te  o f  

Rhlzobium to d ifferen t V arieties o f groundnut, i t  was found 
that a ll the iso la tes except produced maximum number o f 
nodules In th eir respective host varieties* However, a 

corresponding high nitrogen content o f  plants was obtained only 

with three o f  the iso la tes , R2* \  indicates a
b en eficia l association as well as an apparent host-varietal 
s p e c if ic ity  o f these iso la tes . This observation is  further 
supported by the fa c t  that the association o f  these rhiaooia 

with certain other host varieties  resulted in sign ifican t 
reduction in nodule number and nitrogen content when compared 
to their respective homologous host va rie ties . Thus, iso la te  

produced s ign ifica n tly  le ss  number o f  nodules in a ll  host 

varieties  other than U3&-123® A corresponding decrease in 
nitrogen content o f  plants was also observed except in the 

case o f  variety E xotic-6* Isolate  produced sign ifican tly  
le ss  number o f  nodules and nitrogen content in  a ll  varieties



except, USA-123, Sim ilarly Isolate  Rg produced s ign ifica n tly  

less  number of nodules and nitrogen content in varieties  

TIW-11 and Ah-32.

However, certain iso la tes  were also found to produce 

equally good results In some other v arieties  o f groundnut.
Thus, the nitrogen content o f  variety Exotic-6  due to iso la te  
R2 s ta t is t ic a lly  on par with the nitrogen content o f 
variety  U 3 A-123. The number o f  nodules formed and nitrogen 
content o f  variety U3A-123 was also s ta t is t ic a lly  on par with 
that of Spanish peanut, the homologous host-variety o f th is 
iso la te . Sim ilarly, the number o f nodules produced by iso la te  
Fig in  USA-̂ 123 end Spanish peanut, and nitrogen content o f  plants 
in varieties TMV-12 and Gxoti-e-6  was s ta t is t ic a lly  on par with 

that o f Ak-12-24. These observations therefore Indicate that 
the host-varletfel s p e c if ic ity  o f rhizobia a3 seen here Is not 

■ absolute. Further, i t  appears that the benefits resulting 

from this type o f  varying association i s  more a host determined 
phenomenon. The behaviour o f other iso la tes  o f  rhizobia also 

supports th is hypothesis. Ths nitrogen content o f  plant varletlGi 
U3A-123* S x otic -6 , Spanish peanut and ItfV-1 1  wa3 either 
s ig n ifica n tly  higher or s ta t is t ic a lly  on par with TJ1V-12 despite 
the fa ct that iso la te  did not produce any sign ifican t increase 
in nodulenumber in these V arieties. Sim ilarly, the number o f 
o f  nodule produced by Isola te  In TtfV~12 and TMV-1 1  although 
was s ta t is t ic a lly  on par with i t s  host variety  E xotic-6 , the

S2
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nitrogen content o f these plants was sig n ifica n tly  le ss . Such 

variations can also be seen in the case o f  iso la tes  and Ry, 
Thus a given strain o f  Rhizoblum eventhough competitive and 

e f f ic ie n t  in nodule formation and nitrogen fix a tion  in on© 
variety  may not produce the same resu lt in another host variety 

which may have certain inherent physiological lim itations to 
favour the symbiotic phenomenon# This w ill be a serious 

problem which breeders o f new v a rieties  o f  pulses w ill have to 
take into consideration*

Another aspect o f tho present investigation was to see 
whether one can se lect a rh izobial strain which has on e f f ic ie n t  
com patibility with more than one groundnut variety  and whether 
one can se lect a variety which can show a favourable response 
to inoculation with more than one rh izob ia l strain. The isolates 

Kg and R  ̂ were found to be more compatible with d ifferen t host 

v a r ie tie s , when compared to a ll  other iso la tes  o f rh izobia  in 
terms o f symbiotic e ffic ie n cy . Sim ilarly, groundnut varieties  
USA-123 and Exotic-6  3howed the most favourable response to 

inoculation with d ifferen t iso la tes  o f  rh izobia.

The la s t  part o f  th is study was mainly concerned with the 
possible strain  variations, i f  any, between the seven iso la tes  
o f  rhizobia. I t  was observed that a ll the iso la tes  had an 
iden tica l fa st rate o f  growth and tolerance to d iffe ren t levels  
o f pH between 5,0 and 9 ,0 , In the case o f  a n tib io tic  sensitiv ity  
soase difference between the seven iso la tes  o f  rhizobia was
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noticed. The iso la tes  Kg 811(1 ^3 werQ ®o:’e resistant to 
streptomycin sulphate upto 250 Pg/ml while the remaining 
iso la tes  were a ll sensitive to th is concentration o f  the 

antibiotic* I t  is  also interesting to note that the iso la tes  
Hg and were also the most e f f ic ie n t  and compatible strains 

when compared to a ll other iso la tes o f  rhizobia Indicating a 
certain degree o f correlation  between resistance to th is 

an tib iotic  and symbiotic e ffic ie n cy .

In the serologica l characterizations complete id en tifica tion  
o f various iso la tes  of rhizobia was not done since serum fo r  
only three iso la tes  end . could be prepared. Tube
agglutination studies showed that these iso la tes  war© d istin ct 
from one another and also from the remaining iso la tes  o f 

rhizobia except which showed a positive agglutination with 
the antiserum fo r  iso la te  R̂ * Regarding the agglutination o f 

iso la te  R,j with antiaerum fo r  R »̂ one ®ay conclude that these 
iso la tes  are one and the same strains. But the apparent 

d ifference in plant characters due to inoculation with these 
iso la tes  in varieties  TMV-12  and TfW-11  indicate that they are 
related but not identica l strains.
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Pattern of nodulation in different varieties o f 
groundnut ( Arachls hypogaea L.)

Analysis o f  variance table

APPENDIX I

Source df Mean Square

Total 105 • »

Treatment 14 11023.3 *

Error 91 43.81

* Significant at 5.-, per cent level 
o f significance



APPENDIX II

E ffect af d iffe ren t rh izob la l iso la te s  on the nodulation, plant characters 
and nitrogen content o f  groundnut v a r ie tie s .

Analysis o f  variance table 

Mean Square
Ui

Module 
number 
per plant

Module
fresh
weight

mg

Module
dry

weight
mg

Plant
fresh
weight

S

Plant dry
weight

g

Plant
height

cm

Mitrogen
content

3*

Total 167 • • • • • ♦ * e • • • • **
Variety 6 13324.53* 3781.03* 363.49* 8.13* 0.393* 694.53* 0.97*
Rhixobiun 7 1326.60* 19552.57* 2247.97* 75.85* 3.39* 529.93* 8.14*
Variety x 
Rhizobium 42 435.72* 752.79* 91.11* 2.99* 0.107* 54.10s 0.29*
Error 112 59.79 172.79 17.56 0.42 0.055 30.87 0.005

* S ign ifican t at 5 per cent le v e l o f  sign ifican ce .



APPENDIX III 
pH tolerance o f different isolates o f  Rhjgofaiuia 

Analvsis o f variance table
Isolate R,

Source; df
Mean Square 

24 43 72

Total 10
Treatment 4 0.000225 0.0096* 0.0250* 0.0250*
Error 5 0.00014 0.00031 0.00195 0.00195

Isolate R,

Source df
. o

Mean Square 
24 43 72

To ta l 10 •• .*  *• . .
Treatment 4 0.00010 0.0046* O.OOOS75* 0.000575*
Error 5 0.00034 0.00039 0.00013 0.00018

Source df
0

Isolate Rg

Mean Square 
24 43 72

Total 10 ... . . .  . .  . .
Treatment 4 0.00009 0.0119* 0.015* 0.015* 
Error 5 0.00005 .0*00011 0.00019 0.00019

Iso la te

source
Mean Square 

0 24 43 72

• « » .Total 10 
Treatment 4 0.00004 0*0060* Q;j£&69* 0.069s
Error .5 0.000Q5 0.0001 0.00086 O.OOOQg



Isolate Rc Isolate Rg

Source d f ----------
0

Mean Square 
5 ~  48 72

Totsl 1 0 .  a ». ■»» . .

Treatment 4 0.00005 0.005* 0.031* 0.031*
Error 5 0.00004 0.0002 0.0004 0.0004

Source df
O

Mean Square 
24 49 72

Total 10 e a . .  «• .  t
Treatment 4 0.000016 Q.Q078* 0 .0316* 0.0316*
Error 5 0.00025 0.Q0015 0.00006 O.OOOOS

Isolate

Mgan Square 
0 24 43 72

Total 10 . .  •* . .  . .

Treatment 4 0.0003 0.005* 0.0097* 0.0097*
Error 5 0.0002 0.00013 0.000015 0.000015

* Significant at 5 per cent level of significance,



S en sitiv ity  o f  d iffe ren t isolate®  o f  rh izobia  to the 
a n tib io t ic , streptoeycln  sulphate

i

Analysis o f  variance table

APPENDIX IV

Iso la te

Source df
0

Mean Square 
24 43

Total 7 »• •»
Treat.cent 3 0.0002 0.096s
Error 4 0.03014 0.0031

72

0.139*
0.002

0.139*
0.002

Source df —
0

Iso la te  Rg

Mean Square 

24 43 72

lo tu l 7 . .  • • . .  . .
Treatment 3 0.00004 0.005* 0.0132* 0.0152*
Error 4 0.00005 0.00006 0.00032 0.00032

Iso la te  ft.

Source . df
Mean Square 

24 43 72

Total 7 . .  • ;s . .  *.
Treatment 3 0.00036 0.0133* 0.0277* 0.0277*
Error 4 0.00045 0.002 0.0010 0.0010

Iso la te  ft,4 •

Source d f ------------
0

Mean Sqaure 
24 43 72

♦ •Total 7 « .
Treatment 3 0.00044 0.0038* 0.0411* 0.0411*
Error 4 0.00036 0.00018 0.00052 0.00052



Isolate Rc Isolate ft*

Sourco df
Mean Square 

24 43 72

Total 7 *« . . ■■ > •
Treatment 3 0.00039 0.0331* 0.020* 0.020s
Error 4 0.00005 0.0001Q 0.00017 0.00017

Source d f
Moan Square 
24 43 72

• #Total 7 . .
Treatment 3  0.00005 0.020* 0.059* 0.059*
Error 4 0.00002 0.0002 0.0009 0.0009

Iso la te  a.

Mean Square
Source - df  ------------------ -------- --------

0 24 48 72

-total 7 • * . .  •• . .
Treatment 3 0.00079 0.007* 0.028* 0.028*
Error 4 0.0003 0.0002 0.0002 0.0002

* Significant at 5 per cent level of significance,
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abstract

An investigation was carried out at the Co 11 ego o f 
Agriculture, VeXlayani, Kerala to study the host-varietal 

s p e c if ic ity , i f  any, fo r  Rhizobium fo r  nodulatlon in groundnut.
A tota l o f  f ifte e n  groundnut v arieties  were subjected to a 
preliminary screening on the basis o f the number o f  nodules 
formed and arranged into fiv e  d is tin ct nodulatlon groups.

Seven v a r ie ties  o f groundnut TMV-12, USA-123, Sxotlc-6* Spanish 
Peanut, TM7-11, Ale-12-24 and Ah-32 wore selected from among 
these groups fo r  use In further studies.

Isolates o f  tho root nodule bacterium from each o f the 

seven Varieties o f  groundnut were id en tified  as Rhizobium by 

morphological and cultural characteristies. These rhizobial 
iso la tes  along with th eir  host varie ties  were used in  a pot 

culture experiment to study their host-varietal sp e c if ic ity . 
Nodule number, fresh end dry weight o f  nodules and plants, 

plant haigilt and percentage nitrogen content were taken as 
the important parameters for studying the e ffic ie n cy . In

t

general, a favourable response fo r  a ll  plant characters studied 

was obtained in a Variety due to inoculation with i t s  respective 
homologous iso la te  o f Rhlaobluau Exceptions to th is were also 

noticed. The iso la tes  ^  were ^oun<1 more compatible
with d ifferen t host V arieties in terras o f  symbiotic e ffic ien cy . 
Sim ilarly, the groundnut varieties USA-123 and Exotic-6 showed 
the cost favourable response to inoculation with d ifferent 
iso la tes  o f  rhizobia.



The p h y s io lo g ica l stu d ie s w ith the rh la o b ia l is o la ta s  

r iv ia lt d  th a t a l l  o f tb ia  had ah id e n t ic a l f a s t  r a t s  o f  growth 

and tolerance to d iffe re n t le v e ls  o f pH between 3.0 and 9 .0. 

Regarding the s e n s it iv it y  o f Is o la te s  to a fttlb io tio#  is o la te s  

Rg and Rj were aore re s is ta n t  to streptom ycin upto a eoneentrat 

o f 230 Hg/*1 w hile the roea ln in g  is o la te s  wart a l l  sa n s lt lv a  

to th is  concentration  o f the a n t ib io t ic .

S e ro lo g ic a l stu d ie s on the an tige n ic  re la tio n sh ip  o f  

the iso la te s#  revealed th a t the is o la te s  Rj# and Rg fo r  

which a n tise ra  were prepared were a n tig a n ic a lly  d is t ln o t  fron  

one another and a lso  fro e  the re sa in ln g  Is o la te s  except R^.

The iso la te  showed a p o sitiv e  a gg lu tin a tio n  w ith the an U se r

fo r  R , However# the is o la te s  0, and produced d iffe re n t ia l
5

responds in  v a r ie t ie s  THV-12 and TMV-11, In d ic a t in g  that they 

are re la te d  but not id e n tic a l s t ra in s .




