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INTRODUCTLION

The nitrogen requirement of crop plants is met either
by the minoralisation of native o1l nitrogen or by the
addition of fertiliser nitragen or by these twd sources
along with dinitrogen fixation as in the case of leguminous
plants. Legumes have been used in building and consgerving
80il fertility since the beginning of agriculture, A review
of the post work done in thig fleld reveals the fmmense lot
of research being carried out by various w>rkers on this
aspect. The reoot nodule bacterium, Rhizobjium, in asssciatlon
with its host plant accounts for nearly 20 per cent of the
dinltrogen fixed annually &n the world (Dazzo ana iubbel,
1974), This indicates the importance of this process in
restricting the use of fertiliser nitrogen f£or the cultivation
of sucﬂ'leguminsus crops. This is of mch sipgnificance for
our country wiich is at presont facing an acute fuel crisis

coupled with frequent shortage of nitrogenous fertilisers.

Grounédnut (Araschis hyspgaca L.) is an important oll

seed crop in Indie occupying nezrly 7.5 million hectares

and producing ahbout 6,5 millisn tons of pods snnually. It
is one of the main sources of edible oil contributing to
more than 60 per cent of the total oll seeds production,

in Kerala this crop is cultivated in an area of about 17,000

nectares with on average annual production of 23,000 tons.

Groundnut is cultivated as a pure crop in the Palghat

district of the state. In other places, i% is cultivated
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either in rice fallows, az a catch crop especially in the
Opnatiultera region or as an intercrop in coconut gardens.
Recently, it has baen recomnended as an effective mixed crop
with taploca, by the Kerala Agricultural University and the
Central Tuber Crops Research Institute of tne Indian Council
of Agricultural Research, All‘these indicate the enormous

econonic inportance of thls crop to our State.

Recent researches have led to the development of more and
more pgroundaut varleties with high yield end oil content,
However, one of the problexms encountered with these new
varieties 1s the lack of proper nodulation neceasitating the '
use of high cost fertilizer nitrogen for their cultivation,
The wain reason for this appzzrs to be thellack of compatible
stralna of rhizobia in the s0il vwhere these vurieties are
cuiltivated, Therafore, it has become essential to select
approprlate strains of rhizobla for different variaties of
growndnut in ordér to ensure adequate nodulation, This in
turn can bring about much hitrogen econonmy in the cultivation
of this c¢rop in our couniry, Keeplng in view of these facts,
the present problem was undertuelten with the following main '
objectivess

(1) Isolatlon of Rhizebium sultable for different verieties
of groundnut,

(2) Testing for hostevarietal speclficlty for nodulation
by these isolates of rhizobia using selected varieties of
groundaut, S

{3) Phyaiologlcal and meroalogical characterisation of

different isolates »f rhizobia,
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REVIZY OF LITERATURD

Ruizobiun 4inoculation and crip response in groundnut

Groundnut is a crop that has grect potentielity for
nitrogen £ixzation under hizoblum inoculated conditionas.
Duggar (1955) showed that Rhizobium inogculation to Spanish
peanut resulted In on incresse of the number and size of
nadules and also the yleld of nuts. field trisls with
geoundnut conducted by Sseger {1961) strassed the value of
inoculation 1n11ncreaaing the yleld of nuts. Renguswasy
gnd Oblisany (1962) reported beiter respgonse of graoundaut
crop to Rhizobium inoculation. Howsver, Thronton (1953)
found no sigificeat yleld increase due 9 ﬁagéggigﬂ
inoculation in groundnut variety, Cambia dbunch. He
attributed this to the competition batween the introduced
strain of Rhizobium and the native strains slready present
In the goil.

Wetselsaar (1967) made a nitrogen balance shoet over
three years for four ennusl legumes, Stylosanthas hunilisg,
¥ima ginensis, Cyemoosis tetrdconsloba and Arschis hyposaeg.
e found that the groundnut crop alone recorded an sverage
annual nitrogen fixation of 60 lbs per acre as compared to
the adjacent fallow land, In' the field trials conducted
on the veriocus tropical s>ile of Madagascar, Vuong and
Andriemmatens (1970) reported Increased nadulation in
groundnut aa a result of fhizobium inoculation. Sehu and
Behera (1572) round that the application of Rhizobiug to
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groundnut increased the grain yleld as well as the nitrogen
content of shoot, rooﬁ and grains of the crop. Bajpal et gl.
(1974) reported a 21 per cent 1nc§ease in the yield of
unshelled nuts in groundnut due to inoculation,

Agaihotrudu and Tripathi (1976) conducted field trials
with groundnut in Tamil Nadu, Karnatska and Andhra tradesh,
to study the effect of seed inoculatisn with Rhizobium on
crop yleld., The lhizobium treated plots recorded 10 to 57
per cent increase in yield over the control, Study of the
cost=benefit ratio of ithizobium sced inoculation revealed a
return of 9 to 39 rupees for every rupee spent in Rhizobiunm
culturc. Chitriv and Wangikar (1978) found that inoculated
groﬁndnut plants recorded 7.43 to 835.11 per cent increase
in grain yield over the control under field conditions.

Bffoct of fertiliser aponlication on nodulation in groundnut

In a field experiment on groundnut, cowpea and Segbenis
s8pP. supplied with lime at O =nd 680 kg Ca (OH)2 per hectare
and P at 0 and 14 kg 9205 per hectare, Rose (1963) fqund
that 1ime alone or in combination with P significantly
increased the height of plants at 30 days. At 60 days, lime
applied along with P was superior to all other treatments
in increasing plant height. Veeraraghaven (1964) reported
that lime applied at the rate of 1,500 pounds per acre
increased the number of nodules per plant under field
conditions in groundnut in red loam o2f Kerala. Sreedharan

and George (1965) working in the same soil got similar



rosults with the application of 2,000 kg of Lime per hectare,
In a field trial with groundnut, cowpea and greengram, Sahu
and Dehera {1972) showed that grain ylelds were significently
increased by the anplication of phoschorus at 22,4 kg
pnosphate por hectare combined with Rhizobium inoculation,
The seed protein content was_also increased. They also
noticed a 29 per cent increase in s0il nitrogen content as

a result of culture application. Hall (1975) found that the
conmbined applicetion of phosphorus with 3hizobjum inoculation
reaulted in better yileld than with the separate application
of elther P or Rhizobjium culture., Renl Ferumal et sle (1978)
renorted that the application of phosphorué. magnesiun and
boronn lead o in¢reased yleld and quality of groundnutsl
through the lndirect way of heneficlally influsncing nodulation

and nitrogen fixation procesaaes.

Hague ond Azara (1978) studled the effect of application
of sodium molybdate and Rhizgbium culture in groundaut prown
on upland soil of Sferra Ledne. Thoy found that the dry matier
yield increased from 74,5 g/mz in untreated contrsl to 87,3
g/m2 with inoculation and molybdate application, DUry matter

yield decreased with inoculation alone.

Sharma and co~workers (1978) worked on the beneficial
aspects of seed pelletting with calcium carbomate on nodulation
in groundnut variety TiVe2. They obtained the higheat number
and welznt 0L nodules in plants grown from seeds insculated

with Rhizobium and pelletted with Ca 003.



Hostevarietal apecificity of ihizobium for n>dulation in

gooundnu g

Rajagopalan (ﬁ938) studied the reaponse of groundnut
to two physiologlcelly different iihlzoblum lsolates. One
of then produced large number of small and medium sized
nsdules which were efficient and concentrataed mainly on the
tap root.e The other stréin. on the »ther hand, produced
nodules of a smaller size mainly on the lateral roots. These
nodules were incapable of {ixing adegquate quantity £ nitrogen.
Alvrecht (1943) showed that six single sirain cultures of
Rhizobjun differed widely in their effoctiveness on Spanish
peanuis, The siralns were asseused 1n terms of percentage
of plants nodulated, dry mattér yleld per unit ares, visusl
rating of yleld and moan dry welght of indivicually collected
olantse.

Doku {(1963), while studying the hostespecificlity among
five groups of plents in the egowsea cross-inoculabion group
found thot rhizobla from ssybeza, groundaut snd Bambarra
groundan® nodulgted cowpea and lima bean, while cowpea -
ithizobiun nodulated only ita host and lima bean, and"vice-
versi. Rhizobiué from all specles except cowpea and lima bean

nodulated groundnut and Basharra groundnut,

Muthusasy (1976) investigated the comparative efficlency

of four isslates of Rhizohium for their nodulation and nitrogen

fixation with T¥V=2 groundnut plants. He found that there was

aonie relatisnship betwsen the groundnut varliety TiVW=2 and iis



own rhfzobial isolate, This fsolate produced the maxizum
nunher of effective nodules. It also contributed to maxkimum
length and fresh welght of olants than the other three

is0latesn.

Dndarwal and assoclates (1974) inventigated the nature

of nodulation by rhizobia froa six species of Arachisg on
the cultivated variety of A, hypozaege The groundnut plants
differnd in the pattern of nodulation due to5 different

ghizobium isolates. Huhizoblum from nne specics of Arnchig

viz, , A. dursnensts was moat effective on A hyookaea.

Rao (1974) tosted the effectiveness of four different
atrains >f Rhizonium (Cim2, 4024, 402«il, 402+L) for their
affootiveness againat the groundnut variety I[MV-2, Yield,
nltrogen content and tolal nitrsgen uptoke by groundaut plants
were htaken as the maln parameters for testling the comparative
aynvlotic efficiency of different isplates of ithizobium,
3train 4028 was fouund effective in pot culture as well as in
field trials. Burtsa {1973) has shown that the uge of

effective gstralus of fhizoblum could inecrease the peanut

yields, substantially, e advocated thet an effectlve
screening test far evaluation of rhizoblal strains specific to

groundnut cultivars should be conducted to enbhance nut yield.

in a nodulation study conducted with eight groundnut
cultivars to evolve suitable plant type 5f she crop for the

arid zone, sural Bhan {(1975) found that the verletles AX~12«24



and Spanish Improved were the best with regard to nodulatlon
and syabiotic efficiency. Amyng the varieties tested, the
procumbent ones had myre and heavier root nodules wlth a higher
nitrogen content than the erect varieties. 3ut the latter

ones had a higher dry matter yield and wore efficient nitrogen
use,

Date (19758) recomzended that Hhizoblum strains could be
evaluated for thelir effectlveness on groundnut varieties in
twd phages, The strains should initially be screened under
controlled environmental conditions for their efficiency of
nitrogen fixation, Secondly, the selected efficient strains
of Rhizabium should be evaluated under field conditions for
1ts camparative ablility, persistence and effectivensss in
nitrogen fixation. Effectiveness of forty serologically
distinct strains of ithizobium, isolated from six wild species
of Araggihls on the cultivated variety of groundnut, A. hypogaga
was studied in a pot culture trisl by Singh gt al. (1976).
They noticed large variations in symbiotic efficilency between
the strains. The straing GT=20 (isolated from Arnchis
hyoogzag) and G-405 (isolated from A, glaberata) were found
to be most effective. Thaey dlso reported significant positive
correlation between percentege nitrogen in naodules and welght
and nitrogen content of sceds, However, they could not
establish any significant correlation between the weight of
nadules and nitrogen content. Likewise, no significent
correlation was observed between any one »f the physislogical

properties of different strains and thelr symbiotic efficiency.



Schnoewis and assoclates (1978) and Singleton (1978)
have emphasized the need for selection of bacterial strains
and aspropriate varieties for optimising nitrogen fixation
potential in groundnut. The role of host genotype in
nodulastion mnd nitrogen flxatlon hag been recently summarised
by Caldwell and Vest {1979). The suthors strongly conclude
that effective nodulation and nitrogen fixotion are groatly

influcnced by genetic variation o»f both »the symbionts.

4 total of seventy-eight isolates obbtained from pro-
ainently nodﬁlated groundnut olants from HKarnaiska and Gujurat
wara tested for their efficlency to fix atmospheric nitrogen
in sand cultures under controlled conditions by Sheth (1979).
Among then, 25 isolatea were found to be superior to the
standard inoculant strain €3 756, The results further estae
blished the potentliality of inoculating groundnut plants with
sultable strains of rhizobla to get maximum beneflt out of
natural process of biological nitrogen fixation., An abtempt
was made by Alagowadl (1973) to evaluate the Rhizoblum strains
of groundnut isolated from Dharwar and Belglum for their
symbiotic efficlency. Amdng the seventeen streains isolated,
strains A1, A, and RCP were used in a study for the comparative
efficacy of nitrogen, fixation with a standard sitrain TAL 309,
The threz selected isolates behaved in a varied manner in

nodulation and nitrogen fixation in groundnut cultivars,

Ayalaba (1980) in his study on the eveluation of symblotic
nitrogen fixation by threo peanut varieties inoculaled with
two Bhizobium strailns,; detected significant differences in
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specific nitrogenase activiﬁy. FHowever, these were not
evident when the éctivlty 2f the enzyme was expressed as
total niltrogenase activity per pleat. Sen aad Heaver (1930)
compared the relative efficlency of Rhlzobium strain 32 H,I
in nitrogen fixation in peanut and cowpen. Pegnute had 1,5
to 3,0 times higher acetylene reduction activity per unit
mass than cowpea at different nodule ages. ?he nitrogen
accumtlated in the plant tops per unit welght of nodules on

the roots wam zleo greater in peanuts.

Sullia and Anasuya (1930) have observed the atimulatory
effoct of groundnut root exudates on the growth of three
straing of fhizobium spp, viz., C3=1024, CB=530 and .2,
and the inhibitory effect on the atrain Bl=1, Whilec the
gtimilatory effocts of the root cxudatez wos explalned as
a pree-requisite for the ezstablishment of symblotilic relationship,
the inhibltory effect of the strain B indicated incompati-
bility with the groundnut variety TiV=2,

Wynne (1980) reported that specific nhostestrain
combination can load to lncressed bisloglcel nitrogen Lixatinn
in peanuts. The authors alss> ndvocated that the most useful
tralt for megsuring effectivencas ?f a ralzobial strain ig

the tofal nitrogen agcumulated in the plsnt by thelr activity,

Srdman (1947) studled the strain variation and host

apecificity of Rhizobium trifolis on four species of Trifoliug.
His f;néynga atressed the Lmpsrtance of the use of effective



cultures of Rhizobium trifolil as well as the culiivation
of efficlent varietles within different Trifoljum spn for

augnenting nitrogen fixation and crop growth.

Moniz and coewdrkers (1963) worked on the strain
variation and efficlency of nitrogen L{ixatlion among eighteen
alfalfa (Medicago gativa L.) and two berseen (Irifolium
alexandrinum L.) strains of nodule bacteria. The strains
were foaund to differ very markedly in their ability to f£ix
nitrogen, The results of the cross-inoculation studies
reveasled that Rhizobium melilot] was specific to its own
cross-=inasculation graup.

Trinick (12638) condueted an investigation on the
specificity in Rhizobjum symbilosis of Leugaeng Leucogephalg
ehizobla isolated from a gfoup of legumes including Loeugaens
leugogeohala, Mimosa invisa, M. pudica, Acasie farnesiuna
and Sagbania spp. They were all found to bz fast - growers
capable of nodulating L. leucncephalyg effectively,

Welr (1969) investigated the interactions between three
strains of Rhizobium melilotl end the host plant, Redicagy
sativg var. Hairy Peruvian. Thg strains showed no significent
differences in the total number of nodules, But there was
difference in the ratio »f the effective to ineffective

nodules produced by each strain.

Balasundaran gt gl.(1972) studied the interactions
betwaen soybean (Glygine max) genotypes and different isolates
of Hhizabium Javonicum, The different lsolates varied in
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their symbiotic efficiency with different varieties of

anybearis.

Daderwal et zl. (1975) showed that nodulation in chicipea
ia also determined to a great extent by the host genetype.
In tests carried out to determine the varietal and strain
interactions, it was found.that the isolate Ca 121 produced
the maximum number of nodules followed by the isolates Ca 151,
and Ca 191. On the nther hand, among the verieties; L 144
and 8G -« 2 ghowaed maximum response ©o nodulation, In the
symblotic effectiveness sitrains Ca 121 and Ca 181 were most
effective and showed an increase of more thun 100 per cent in
plant dry weight and nitrogen uptake with as many as seven
genotypas., Among the varleties, 551 and d 355 showed
maximun increase 1n nitraogea uptake as well as in the dry

matter yield.

Raju aad Samuel (1976) studied the influence sf different
comaarclal inoculants on gras (Ciger arieﬁinum). All the
inoculants, except the I.A.R.I, culture zave very good resulta
as was noticed by the high dry aatter production, high nitrogen

uptaxe by the plant and translocation to. the sced,

Borges (1977) eValuatad.the effectiveness of two Zhlzobium
stralns on cowpea cv. Arauca in terms of their'offect osn stem
length, leaf arez, shoot dry matter, waber congumption and
nitrogen csntents of roots and shoots. On the basis of such
paragmeters, one straln was selectad. The result also indicated
that the major progortion of atmspheric nitrogen fixed was

in roots by the strain,
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Gonz5léz.. (1977) studied the behaviour of ten Rhizobium
dsoonicun strains on soybean vorieties. Thelr results
brought to light the fact that the relation between plent
dry weizght, nodule dry weight, and nitrogen accumilation

varled according to varlely, strain and snil typa,.

Kunar Rao and Patll (1977) reporied that soybean responded
differentiy to different commercial inoculonts of Rhizobium
Jaoosnicun, The different cultures produced sigiflcant
differences in number and dry weight of plant tops; Wlth the
exception of ond inoculant, all Ehe others groduced increase

in yield ag compared €5 un-ingsulated cantrol.

Saxena and Singh (1978) conducted experinments to study
the response of gram varleties to fhizobium cultures isolated
from different agro-élimatic conditions., Thelr results iadicated
that varletal differences were significant and the interactions

between culiure and the hoast verlety was insimificent,

Gaur and 3en (1979) studied the crosse-inoculztion group
speciflicity in chickpea. They examined seventy-one stroins of
raot=nodule bacteria of chickpea for nodulatisn in elghty-seven
legure specles, representative of all the legume crosseinoculation
groups, In a reciprocal cross-=inoculatisn study 2537 sirains
of rnizobla from 52 to 37 speocies were examined on verious
chickpea Lsolates. Chickpea and its nodule bacteria showad
no gross=inoculation specificity with any other legumes, The
effectiveneas of different strains of chichipea Rhizobium in

field was evaluated by Pareex (1979). There was difference
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in nitrogenase activity and dinltrogen fixation among the

straings.

Dahiya (1979) conducted e study sn the varietal
interactlon of plgeon pea with different strains of Rhizobium.
Hodulation, shaot erowth, total uptake of nltrogen and
phospharus were taken as measures 5f effective assoclatlon.
The results indicated a varicty-sitrain specificity in caée
of variety T - 21 with strain A - 3, Another sirain ¥ = 4

was found to perform good with 211 the varietles,

pH tolerance and symbiotic efficlency of Rhizobium

Atbrecht (1933) noted that nadulatiod in soybeans failed
at pH values of 5,0 and less, :ajagopalan (1938) in his study
of the rootv nodule bacteria of graundnut, found that osut of
the six rhizoblal isslates tested, two showed gond growth
between pH 4,0 a2nd 9,0 while others showad zrowth only between

ol 5,3 =nd 3,5,

Muthusamy (1970) determined the pH tolerance of foup
isolates of Rhizoblug of groundnut in yeast exiract mannitol
broth with varying pH renging from 4.0 to 10.0. Awng the four
1aolates, only one isolate showed good growth betwsen pH 4.0
to 10.0. All the other isnlates were able to grow only
between pH 4.5 to 10,0,

Van Schreven (1972) studied the relation between tolerance
to low pli and symblotic effectiveness of Rhizobium trifolii.
Three 3. 3rifolll streins were repeatedly subcultured on
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agar medium of pH values ranging from 3.7 to 7,0, The

symbiotic effectivenesa of the isolates after frecguent
subcultures on these pH was estimated by inoculation of aseptic
seedlings of white clover in Jensen's medium. Ile found that

the numbzar of nodules formed, in the plants ond the effectiveness
of some strains scemed to be affected by growiang lhizobium

for a long period at low pii,

Yadav and Vyas (1973) found that the optimum pH for
growth of groundnut fhizoblium is in the range >f 5.0 to 7.0,
None of the Rhizobium straing were inhibited at ph 10,0,
while low pH of 3,0 and 4.0 was lethal for =11 the strains
teated.

A study involving five troplcal legumes, five temperate
legumes aond Medicagg gativa by Andrew (1976) revealed that
nodulation end growth are strongly controlled by pil, Magroptiliurn
" lothvraides and lLotononis balnesi] showed 100 per cent nodulation
at pli 4,0, where as Medicago sativa, M. trungulata, M,
scutellata and Glycine wightil achleved this level of nodulestion

only at pil 6,0 in the presence of nigh zmount of calcium. In

general, the legumes exhibited a marked decline in level of

nodulation below pH 5.0,

Pandher and Kahlon (1978) reported the effect of pH on
the growth of Rhizobium lesuminosarug from pea (Pisum setivunm L),
None 0f 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 of the strains was noticed between pH 6,5 to 8,0,
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The authors also reported decreased growth beyond pH 8.0,
though it was not lethal to the bacteriun,

Keysor gt 21.(1979) working on the acid tolerence of
rhizoblia in culture and in symbiosis with cowpea glants,
found that cowpea rhizobila varied in its aymbiotic tolerance

of s0il ccldity.
Exgeriments were also conducted by Evans et sl. {1920)

to measure the effect of :hH of the nutrient madium on

gymblotic nitrogen fixation by [hizobium Jesuninosarum and
Pisum gativum. Both the bacterial growth and root development

wera adequate at all pli levels from 4.4 to 6,65, DBut efficient
nodulation and nitrogen fixation did not occur at pH 4,8 ond

below,

Barber (1930) tested the growth of fhivobium meliloti
in media adjusted to pH values ranging from 4.5 to 6.5, The
nuaber of i, meliloti cells were grezater with increasse in pH
of the nutrient mediumn,

In an in vitro study on the effect of different levels
of pH on the growth of v.rlous isolates >f cowpea rhizobia,
Nair and Siveprasad (1981) found that the native isolates were
more tolerant to low pH such as 4.5 when compered to exotic

isolates of rhizobia,

fintiblotic resistence and symbiotic efficiency in Rhizobium

In a study on the entibistic reaistance of thirty-three

mitant clones from eleven normally effective strzains of fast



growing rhizobia (Rhizobjum trifolii, R. lemminogarun,
fo Dhagenld ead K. meliloty) Schwinghemer (1964) detected

twentyethree mitant clones that were resistent to viomyein
to be ineffective nitrogen fixers. Heomycin resigtence gave
a8 sicilar result and full crass-resistonce was recorded
between the two éntibiotlcs. Acguisition of resistance to
kananycln was rarely assoclated with the loss of symbiotic
effectiveness. Ko less of effectiveness was alsd found

assiclated with streptomycin resistant matantse.

‘The in vitro effect of streptomycin, auresmyeln and

terramycin was tested on ten rnizobial isolates of wal

{Dolighog lablab) and fourteen isolates of methi (Irigonellg

£oenum graecun) by Konde and Moniz (1963). Varying degrses

of inhibition were produced by different antiblotics. All
the rhizoblal 1solates were affected by streptonycin sulphate.
Maximum 1nh;bitlon was obtalned, with streptraycin sulphate
at 400 ppae.

Hendry and Jorden (159639) found that matation to
resistance to high level of viomycin in {thizobium melilnati
could involve solective reduction in permogbility of the
cells towards the antibiotic. They attributed this to
the accumulation of phossholipid in the cell capable »f
forming complexes with the antibiotic, viomycin. Damery
and Alexsnder (1969) noticed that in R, trifolil and R.
meliloti Ranamyciﬁ resistant matants were in effective in
nitrogen fixation, but could not detect any signlficant
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physiological.difference to account for the loss of

aymbiotic effectiveness.

Vincent (1571) stated that in Khizopium SLOULTINEIUS WLEA
the transfer of reslstance to ontiblotics there would also

bo the transfer of non-infectiveness property, since the
genes assoclated with nitrogen fixation as well as antibiotic
resigtance are plasmid assoclated. Zelazna Kowalska (1971)

reported that clones of Rhizobiug trifolil resistent to

streptomyein at levels varying from 10 €25 100 ppm lost thelr

nodulating capaclty.

The response of selected strains of Rhizobium Janonicum
to fifty-five satiblotics was studied by Levin and fontgomery
(1974). Their findings indicated mo significent difference
elther in infectivity or effectiveness batween the antibiotic
sensitive strains snd their resistant matants, Abdel=wahab
et al. (1976) also csuld not correlate resistecnce to

chloramphenlicol and penleillin with nitrogen filxation in
Hhizgggum trifolil mutants,

Brockwell and coeworkers (1977) advocated the use of
streptomycin resistant matuents for identification of rhizobial
straing isslated from field environments. They also found
that when streptomycin marked strains of Rhizobium trifolili
were introduced into the field environment, a small proportion
of {the progeny of the inoculum sustalned independant loss of
stréptomycin resistance in the field. Gollobin ond Levin
(1973) investigated the upper limit of resistance to the
antiblotic, streptomycin of two strains of Roizobium Jjanonicun.
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Only one grew well at 25,000 zicrogrem per ml.
Examination of the mutents showed that they all retained
the symbiotic properties of parental streing, Josey et al.
(1979) employed the variation in intrinsic resistance to
1ow levels of eilght aatiblotics for ldentification of 26
Rhizobiun lesuminosasrum strains. The wild type of R,
leguminogarun straln used in the teat were found to have
unique patterns of resistance which remained stable and

by which they could bs identified.

Pain (1979) isslated o number of antiblotlc-resistont
mutants of Rhizobium lesuminossrum and studied their aymbiotic
propertices, Of the symbiotic mufontz isolated, a minority
of rifamplcin resistant utonts were found to have an aliied

aymblotic phenotype wnich was ineffective.

rankhurst (1979) evaluatzd the efficlency of twd fast
growing end two slow growlng thizobium strzins of Lotus

pendunculatus. lasistance €o streptomycin, spectinomycin,

chloramphealeol and tetracycline was found assoclated with
little or no loas of effectlvenens with all the four strains
tested. On the contrary, he noticed a significant logs of
symblotic effectiveness in 20 to 100 per cent of mutants

in case >f resistance ©9 nalidixic acld, rifampicin, D=
cycloserine, nsvobioscin and pvenlcillin. Resgisteance to
viomycin, neomycin, kanamycin end vibramycin was associated
with loss of effectiveness with mutants of two fastegrowing

stroias but not with those of the slowegrowing ones,
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Pankhurst end Craig (1979) found that osne step mutants of
Rhizobium strain 32 HY resistant to Dv cycloserine showed
more than 90 per cent loss of asymblotic nitrogenase activity.
under in vitro conditions and 25 to 30 per cent loss of
symblotlic activity in the root nodules of the cowpea cultivar
Caloona. Second and third step resistant mutants were found
to exhibit a further decline or complete loss of symblotilc
property, '

| Beynon and Josey (1980) demonstrated heterogeneity in
a natural population of Rhizobium ohageoli using variation
in entibiotlic reslstance., They recorded fifty-four different
resistance patterns. Isolates having the same intrinsic
resistance pattern were uniform in their reaction with
angiserum raised against one of the inoculum strains and

thelr colony morphology.

Om Prakash (1930) £sund that streptomycin resistant
mutants were highly competitive but similar to parent strains
in infectivity and efficiency. The chloramphenicol resistant
mutants were of higher efficliency in nitrogen fixation but

less competitive when compared t> the parentzl strains.

Serologlical identifigcatlion of rhizobial straing

Zipfel in 1912 for the first time showed the antigenic

relationship between rhizobla forming nodules in Zigun
sativum and Phaseolus vulgaris, Later, Klimmer and Kruger
(1914) divided eighteen cultures from as many different

legumes into 9 groups using agglutination tests and concluded
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that the rhizsbia isolated from different species of plents
ware aerblogically distinct but related at the same in other
properties. Vincent (1941) distingulshed two kinds of antigen
namely, the heatlabile flagellar (H) antigens and the
heatstable somatic (0) antigens by employing the agglutination

test,

Koontz and Faber (1951) studied the somatlc antigens
of 29 strains of Rhilzobium Jaoconlcum and classified thus
into six groups, OGraham (1953) classified rhizobla into
three serologlcally distinet groups. (1) fhizobium trifelii,
R. lemuminosarum and R phagedids (2) &, Iuoini, R. Jaoonicum
and ¢owpea rhizobia and (3) R. meliloti. He also observed
that the strains of R. meliloti showed serological affinities

with Arrobacterium radinbagter and A. tumefaclens. All the
groups showad wider flageller than somatic agglutination,

Johnson and Meons (1964) serotyped large number of nodules
obt :ined from soybean plants grown in different soils from
Iowa, Maryland, Mliaslssipil and South Carolina. The results
indicated thet the kind and atundance of serogroups of fhizabiug
Jdaponieum in nodules differad in each sf the four states.
Dudmzn (1964) employed the gel immune = diffusisn technique
for rhnizoblel strain identification., He suggosted that several
antigens could be recognised simultanesusly by this technique,
according to the position of precipitated bands. ELmploying
a rapld agglutination test, Damrgl ct gl. (1967) distinguished
serogroups of ilhlzobium Jjgoonicum by using homogenised nodule

sugpensions as antlgens,
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Caldwell and Weber (1970) studied the distribution of
Raizohium Janonicum serogroups in soybean nodules as affected
by planting dates. The soybean variety 'Lee' was planted
at dlfferent dates for bhree successive years in silt loam
8511 containing an established population of R. Jasonicum,
Nodules were collected from each of the treatments snd
classified into appropriate sers>group by immun? fluroscent
technique. Their work revealed that the occurrence of
speclfic serological graups was influenced by planting déte
and the stage »f plant growth, the reasin being attributed
to the influence of the environmentand climatic factors oan

the ecolopy of Lhizoblum,

Using agar diffusion technigues snd disrupted bacterial
cells, Vincent and lumphrey (1970) found two internal antigens
comzon to ell the eighteen Rhizobium lesuminogarum studied,

but could not detect the antlgens in nine slowegrowing cultures
of Rhizobium, Similarly, Vincent st gl. (1970) found atleast
one and generally twd c¢ommon antigens against the antisefa
from the soybean strains, but £iftye-one Last growing rialzobia

fuiled to» give any reaction,

Studies conducted by Weber and Hiller (1972) brought out
the relationship between Rhizpbium Japonicum serogrours and
scll temperature. The serogroups which were infrequently
recovered at low temperature became prominent at 30°g, where
asy the serogroups forming the majority of nodules at 10°¢
and 15%°¢ formed fewer nodulas at 30°c, Charudattan end

liubbel (1973) using agar-gel double diffusisn technigue compared
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soluble antigens of three gdhizobium specles with those of
oight legumes representing compatible and nonecompatible
hosts. Cross reactive antigens were found vetwcen all the

leguaz hosnts and three rhizobla.

Dadarwal et al.{(1974) studied the serology of forty=four
i1snlates of Rhirobium from nodules of Argchis hyposgeg,
(cultivated species) A. duranensis, A, prostratge. A ¥illosa
Ae gflmberata and A, marginaty (wild specles) by the tube
agglutination and immunoe-diffusion techniques, HNo crossg-

reactlon was observed botween isolates of JArachig hypogasy

and antisera of isolotes from A._Mmaresinats and A, glaberata.
Liktewlac, antisera of isplates from A, hypprasas d4dild not react
with antisera of isolates from A. ¥illosg and 4. proatrata,
They obtained diffusible orecipiln bands in agar with all the
cvoss—agglufinating strsins at a titre value of 1/200 or

above. Zadarwal and associates'(1976) also.round that rhizobia
faolated from different varietics of chickpea (Cicer arietinum)
grown in a locallty were antigenigally distincts Strain
speclfic precioliin reactions were observed only with Cicer

rhizoblia,

Rremer and “agner (1§78) advocated a new azproach to
the study of goil rhizobla by the use of direct diffusion of
antigens from so>ils and development of specific bonds. Using
the technique of 1nmuho-diffusion. they evaluated four strains
of dhizoblum Jdanonicum incubated in soil.

The technique of enzyme linked imauno-sortent assay

(ELISA) was described by Kishinevsky and Bor - Joseph (1978)
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for serologlcal identification of peanut ihlzobium straina
both 1in cell suspensions of pure cultures und single root
nodules of groundnut (Arachig hyoogasg) plantse Antisera

of threg peanut Zhizobium sirains were tosted agolnst elght
diffgsrent Rhizobium isolates. In this experiment, the workers
found the BLISA to be four to six times mre sensitive,

than 29 agglutinatisn and immuno-diffusisn tests. The
technique enabled detection of Rnizobjum antigens in cell
suspensions of 104 to 105 cells/ml, The roactions of the
culture aid nodule entigens were idantical for all strains
investigated, 7The minimum fresh weight of the nodule tissue
necessary to perfora the HLISA test was 0.4 mlcsgéram crushed
in 1 ol of phosphateebuffered saline (#83), This teat was
also successfully used for sirain ldentification in mixed

inoculated plants.

Sheth (1979) investigated the antigeaic relationship
of inoculated strain CB.755 of rhizobis for grouadaut
(Araghig hvpogseg L.) with native rhizobla, The studies
indicated that the inoculated stralas differed from tho
native soil rhizobia, The study also lundicated varlation in
the copacity of thae rhizoblal strains to astablish in different
821l typea, The results indlcated the sozsibilities of
inoculating groundnut planis with suitable straoins of
rhizoble ©o get maximum beneflt out of the natural procasa

of biological nitrogen fixation.
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MATERIALS AND METHODS

An investigation to study the hostevarietal specificity
of Rhizoblum in groundnut (Araghig byoosaga Le) was conducted
at the College of Agriculture, Vellayani, Trivandrum.

Fifteen varieties of groundnut of the following description

were initlially selected for this purpose,

- E - auy oeh e anb A A A O S A - up A - W R - A S -

51,No. Varlety Source
1 CO=-1 Gern plasa c¢ollection, Tamil Nadu
Agricultural University, Coimbatore.
2 TV 2 Government Seed Varm, Tindivanam,
Tamil Nadu.
3 TiVN=9 "
4 THV=11 _ "
5 TMVe12 "
6 Fk~12~24 Germplaam collection, Department of
Agricultural Zotany, College of
Agriculture, Vellayani,
7 .Ah-32 "
Ahe4218 "
9 Ec=20137 "
10 Exotic=5 "
11 fed Spanish H
12 Russia "
13 " Spanish Pesnut | a
14 Uganda Local "

15 ' UsA=123 st
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frelinin screening for nodulation in different vorieties
of groundnut,

A pot culture experiment was conducted in completely
randonised design with two replications each to study the
nature of nodulation by native rhizobia in different varieties
of groundaut, Darthern pits with an average dlameter of
25 ca and depth of 30 c¢n were used for this purpose. Thase
viere £11led with a potting mixture consisting »f =end,
garden aoll and cowdung in the ratio of 1:1:2. Seeds of
diflferent varieties of groundnut were sown intdo these pots
end irrigated dally. After germination and establishment,
three healthy seedlings were retained in every pot. Observation
on the aversge number of nodules formed per pst for each
variety was taken on the 40th day »f plant growth after
carefully uprooting the plants with their intact root
system, Data on the number »f nodules formed was enalysed
atatlisticelly and baused on thils the different varietios
were arrcnged into five closely related nodulation groups,
Seven varieties, TiV-11, TiVe12, Ak=12-24, Ah=32, Lxotice6,
Sponish Feanut and USA=123 representing these groups except
group.: IV were thus asslected to study the hostevarietal
specificlity of ihizobium for asdulatisn in groundnut.
Variety belonging to group IV could niot he included in the
nragent investigation due to insufficlent stock of seed
material.

Isolation »of Rhizobiunm f£rom the abave seven varieties

was done by the method described by Vincent (1970). Healthy
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nodules taken in test tubes were initially surface sterilized
with 70 per cent ethanol for 30 seconds followed by 0.1 per
cent mercuric chloride for two minutes. - The nodules were
then throughiy washed in slx changes of sterilized tap

water and gently crusined with a sterilized glass rod. The
residual milky fluld was streaked on sterilized yeast extract
mannitol agar medium in petridishes and incubated in a B«0eDe
incubator at 28 + 1°C for three days.

Yeast extract mannitol agar medium (Allen, 1953).

Mannitol - 10,0 g
KéHPOh - 0s5 g
11g30,, 4 7H,0 - 02¢g
NaCl - 0.1 g
CaCD3 - 3.0 g

Yeast extract - 1.0 g

Congo Red (1% aqueous solut= .
ion) - 245 ml

Agar : - 15.0 g
Distilled water = 1000 ml
pH - 7.0

Typical colony of Rhizobium characterised by a white
colour and gummy nature was selected and transferred to yeast
extract mannitol agar slants. The various isolates were
checked for their purity by repeated streaking on yeast
extract mannitol agar medium, Single colony of Rhizobium

thus selected for each variety was used as the stock culture,
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Primary _characterisation of different _isalgtes of rhizobia.

as Gramestalning (liucker, 1927).

The staining was done to study the Gram reaction of
different rhizobisl isolates. Thin smear of 24 h, 514 broth
culture of each lsolate was prepared, heat fixed and stained
with ammonium oxalate crystal violet for 1 minute. The slides
vore gently washed in tap water for not more than 2 seconds
and treated with lodine solution for 1 minute, These were
once agaln washed in tap water, blot dried and decolorized
with 95 per cent ethyl alcohol for 30 seconds with gentle
agitation. After drying the slides were c¢ounterstialned for
10 seeonds with safranin, washed in tap wzter, dried and
exanined under the nsil=immersion obJective of the mlcroscope.
The followlng were the compasitions of different stains and

reagents uzed for this purpose.

1) Anwonium oxalate grystal violet.

Solution A

Crystal violet (90%) - 2 g
Ethyl aleohol (95%) « 20 ml

Solution B
Ammonium oxalate - 0,8 g
Distilled water - 20 ml

Mixed together
solutions A gnd B.

2) Gram's modification of Lugol's solution,
Iodine - 1g
KI - 2g
DPlstilled Yater - 300 ml
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3) Counter stain

safrenin (2.5% solutisn in 95% ethanol) - 10 ml
Distilled water « 100 ml

b. S3nore_sgtaining (Bartholomew and Mitwer, 1950)
Uniform‘smaar of different isolates of rhizobla was heat
fixed ond stalned with a saturated solution of malachite
green (7.6% agueous solution) for 10 minutes. The slides
were then wasned in tap water and counter stalned with 0,25
per cent agueous solution of safrenln‘fcr 15 seconds, rinsed
in top water, blot dried and examined under the oil immersion

obJective for the occurrence of any endospore.

ce Growth on veast extrgct manniiol agor medium with _conge red.

All the seven 1solates of rnizobia were streaked on
yeast extract mannitol agar medium contalnlng 2.5 ml of 1 per
cent aqueous Qolution of congo red dye. The colour of the
colonies as well as the number of days token for the appearznce

of visible ¢olonles were recorded.

ds, Growth on glucose neptone agar maedium.

Sterilised petri plates containing 25 wl medium of the
following composition were streaked with the different
isolates of rhilzobia and incubated at 23 ¥ 1°C for 2 days.
The extent of growth was recorded at the end »f the incubation
period,



Glugose peotone ager medium. {(Vincent, 1970)

Glucose - 5,0 g
Peptone - 10,0 g

Bromocresol purple (1% alcoholic solution)= 10.0 ml
Distilled water = 1000 ml1
pH - 6,8

e. HKebtolactolase test.

The #911d mediun of Bernaertz and de Ley, 1953 was used

for this purpose.

Lactose - 10,0 g
K HUD,, - - 0.5¢g
CaCl2 ' - 0.2 g
Yeast extract - 0.5 g
4830y, o 7ii,0 - 0.1 g
HaCl - 0.2 g
?9013 - 0,01 g
Distilled water - 1000 ml
pH ~ 648

The seven 1sdlates of rhnizobia were streaked on the above
medium in sterile petridishes, After incubation for 7 days at
23 } 1°C the different plates were fioaded with Benedict's
solution in order to test thg production 5f lactonic acid from
lactose. “The change in “‘colour of the reagent from blue to
yellow around the colonlies indicated the formation of lactonic

acld and a positive reaction for the tost.
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Study of the hostevarietal specificity of Rhizobium for

nodulation in_groundnuti.

A poteculturs experiment was conducted in glass house
under aseptic conditions to study tﬁe hostevarietal specificity
of different isolates of rhizobia. Seven groundnut varieties
vize, TV, THVA12, Ate12«24, Ah-32, Exotic;5, Spanish
peanut and USA~123 selectad after the preliminery screening for
nodulation were used for this purpose. Homdlogous isolates
of rhizobla from each varliety wans tested for compoatibility and
nodulation efficiency with 21l the seven varieties »f{ groundnut,
Approoriate c¢ontrol without Rhizobium innculation was
méintained in each caze. An 8 x 7 factorlal experiment in
completely randomised design witih 3 replications each was
lald out with 3 levele of culture treatment and 7 varietics

of groundnut (Fig.1.)

Larthern pots of 25 cm x 30 cm gize and filled with a
potting mixture consisting of sand, garden soil and codung in
the ratio of 1:1:2 at the rate of 10 kg per pot were sterilised
by autaclaving at 121°C and at a pressure 2f 15 pes.i. [or two.
houra., The various isolates of rhiiobia were grown on yeast
extract mannitol agar medium in sterilie cetri dishes for
three days at 23 £ 1°C in a B.0,D, incubator. Graundnut aeeds
from different varieties were initially sheiled and surface
sterilised with 0,1 per cent mercunic chloride for 1 minute.
These were then washed throughly in three changes of sterilised

tap water and treated with a thick suspension 2f the appropriate
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Rhizobtum culture prepared in 10 ml of sk rilised distilled water,
'he seeds after culture treatuent waere sown lmoedlately. Control
treatnents were mainpained without any ihizobium inoculation,

P and K fertilisers were applled uniformly prior to sowing

at the rate of 50 kg Py0g and 40 kg K;0 per hectare. Jbservation
on the average number of nodules formed, fresh snd dry welght

of nodules, fresh znd dry weight of plants, plent helght and
percentage nitrogen content of the shoot portion were recorded

far each treatment after 60 days of plent growth.

The number of nodules was cdunted after carcfully removing
each plant wlth its intact riot system from the pot with the
help of a mild Jot of water. The separated nodules were weighed
in a chemical balance to determine the fresh weight and then
dried to a constant welght at 60°C in a drylng over before
taking the_dry weight. The fresh weilght of plants in each
treatment was determined immediately after the harvest and the
dry welght after drying the samples t9 a constant weight at
60°C, #Plant helght was measured from the base of the shoot

portion to the growing tip of the longest branch.

The nitrogen content of the dried shoot portion was
deternined by the modified micro=kJjeldahl method of Jackson,
1967. Hundred milligram of the powdered plaant semple along
with 10 g of the digestion mixture {Potassium sulphate, Cupric
sulphate and Selenium metal powder in the ratio of 10:1,0:0.1)
was token in a 100 ml KJeldahl digestion flasi, Threce ml of
cancentraﬁed sulphuric acld of specific .gruvity 1.84 was added

slowly t2 the abave digestion mixture znd heated for 5 hours
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till the material was completely digestéd. The flaks were
alloved to cool down to room temperature before adding 25 ml

of distilled water %o each flask. After cooling the contents
were transferred to 100 ml volumetric flasks and the volume
mede up with distilled water. Ten ml aliquot of the sample
from the volumetric flask was then added to the kjeldahl flask
along with 10 ml of 50 per cent sodium nydroxide solution and
gteam diotilled 111 about 100 ml of the distillate was collected
in the receiver flask containing initislly 10 ml of 2 per cent
boric acid solution with a drop of mixed indicator. The
anrniacal nitrogen content of the dlstillate was détermined

by titration with 0.0% N sulphuric acld. #From the titre values,

the percentage # was determined by the following cquation,

=V x B xV1 X 0.014

V2 x W

where V = Titre value - the blank

v1. Total volume of plant sample made up
V2- Volume of plant samplé diastilled
N = Normality of HESOQ

¥ = Welght of powdered sample used for dlgestion.

Statisticel onalysis

Data on various obasgrvations was analysed statistically by
the test of sigmificance. The interactions between different
1solates of rhizobia and host varicties was also studled for
each character in order to evaluate the host varietal specificity
of Rhizobinm in groundnut.
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Physiolosical sand serological characterigtics of different
i=o0lates of rhizobia.
fe Growth in veast extract mannitol hroth,.

0,01 ml of seventy=twd hour old broth cultures of gll the
seven isolates of rhizobla was added aseptlcally to 5 ml of
freshly prepared sterile yeast coxtract menaitol broth taxen in
10 en 2 1 cm capacity test-tubes. Three replications along with
appropriate control without any Rhizsbium inoculation were
malntalned in each case. The different tubes were lncubated
at 23 + 1°C in a B.0.. incubator for 72 hours., The growth
rate of varisus isolates was determined. calorimetricslly at
640 nm using a Bauach and Lomb Spectronic - 20 colorimeter by
measuring the optical density at 6 h, inierval up to 72 h.

of incubation,

b. o _tolarence
The abllity of various isolates of rhizobla to grow in

yeast extresct mennitol broth adjusted to differcnt ph ranging
from 3,0 to 11.0 was determined colorimetrically. The pH of
the broth was initially adjusted to 3.0, 50, 7.0, 9.0, and
11,0 by adding either 1 N hydrachloric zcld or 1 N godium
hydroxide solution. Five ml aliguota of the above medium was
dispensed in 90 cm x 1 cm test tubes andé sterilized in aﬁ
autoclave at 121°C for 20 minutes. The different tubes were
thua inoculated in duplicate with 0,01 ml of 72 h, old broth
culture of vurisus 1isolates or\rhlzobia'nnd incubated in a
B.0eDs incubzator at 23 # 1°C for 72 hours. Growth at different

levels of pH was determinad colorimetrically at 640 nm using



a Bousch and Lomb Spactronlc-20 colorimeters Appropriste coairsl
without any Rbizobium inoculation was malntained in each casae.
Crowth was measured In terms of optlcal deasity at the time of
inoculsatinn end at 24 he intervals upio 72 he 2f incubation,

Data obhoined Jor each culture was annlysed statistically by

the tast of migniflcance.
ce Sntibiotlic sensitivity

The seven isolotes >f rhizobla were tasted for thelr
sensitivity to different levels of streptomycin sulphate in
yaast extract mannotol broth, Stock solution of atreptsmfcin
sulpohate (Aabistryn - 3, Snrabhéi Cheniecals, Baroda) prepared
in sterilised distiiled water was added 5 preewgterilised ycast-
extract mannitsl broth taken in 10 cm x i ¢m teat tubasg in
order toobiain a final concentration of 52, 125, 250 =nd 500
alerogran per mlL of the broth, These were thus inoculated in
duplicate with 0,01 =1 of 72 h. 5ld broth culturs of different
isolates of rhizobia and incubated in s 3,0.D0..incubator at
23 # 1°C for 72 hours. The aatlblotic sensitivity of different
isolates was deterained by measuring the growth 1n_teraa of
optical denslty using a Bausch and Lomb colorimeter at 640 nn.
Tha'optical density was measured at the timo 22 inoculation and
at 24 h. interval, upto 72 h, of incubation. Data thus obisined
was cnalysed statistically by the test »f slunifiecance,

de Berdlonileanl cgharacteristics.

Pregaration of antigen,

The antigens were prepared according io the method of

Vincent (1970). ‘ure cultures of threec isolates of rhizobia,
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RB’ R5 and Re were grown initially in yeast extract mannitol
agar slents in Roux bottles at 28 + 1°C for four days in a
8,0.D. incubator. The bacterial cells were then harvested

in 0,85 per cent NaCl golution and freed of large clumps by
Keeping in a rotary shaker for 1 hour after adding a pinch of
3o0diun EDTA, This susponsion wes then filtered through thin
pads of eotton t2 remdve the excess of gum and centrifuged at
15,000 rpm in a refrigerated high speed centrifuge for 30
minutes. The resulting pellet was washed three times by
resuspending in 0.8% ner cent gsterilised iaCl solutian and
centrifuged at 15,000 rpm for 30 mlnutes, Finally, the washed
pellet for each imolate of lhisobjum was suspended in 10 ml
of sterile physiologlical saline and transferred to sterilized

20 ml screw=capped battles for storing at 0°C in a depp freezer.

Praparstion of antiserum

Healthy rabbits of unknown padigree obtalned from the
S5mall Animal House, Unllege of Veterinary and Animal Sclences,
Mannuthy, Trichur were used for the preparatiosn of untiserun,
Emulsion of different mntigens in freund's {Difco) complete
adjuvmnt was prepared by nmixing egual quantity of both in a
test tube using a syringe without needle. 2 ml of the above
emulsion was then Injected intramuscularly into the large thigh
muscle of each rabbit. A similar injection was given one month
followed by twa more hoogter doses of 1 =l of each of the antigen
without the adjuvsnt given intravenously through che large

marginal ear velin of the rabbit at weakly interals. In il



these cases, an sntigen suspension contalning approximately

10° cells/ml was used. Fifteen ml of bloosd was collected from
each rabbit into a clean pre-sterilized beaker by making sn
incision on the large marginal eor vein. The blood was allowad
to clot for 4 h, at 23 + 1°C in a B.0,D. incubator followed by
overnight incubation at 4°C in a refrigerator in order to allow
the complets separation 92f blood serua, The soeparated serum was
then centrifugsd et 3000 rpm for 5 minuies in a laboratory
cenirifuge to sediment the residual blood c¢ells. The cleer
supernatent atter centrifugation was tranaferred ts cleon 5 @l

scrow capped battles and stored gt 0°C in a deep freezer.

Determnination of serum titre

‘The titre value for different antisera was determined by
the method of Vincent (1970), For each serum to be tested,
tuwn=fold serial dilution starting from 1:50 &9 2n end dilutlon

of 1:9, 400 was prepared according to the followlng schedule,

Tube 1 2 3 & 5 6 7 3
nl Saline 9,6 5 5 5 5 5 5 5
ml Serun 0.4 5(1) 5(2) 5(3) 5(4) 5(5) 5(6) 5(7)

Finagl dilution - 50 100 200. 400 300 1,600 3,200 6,400

A S S - D S Mg A S - -

One ml of the homalogous antlgen containing approximately 109
cells/ml was added to 1 ml of each of the absve dilutiosn of the
antiserum. One nl of the antigen along with 1 ml of physiological

saline served as the control. The different tubes were Kept in a
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water Bath at 52°C for 4 hours before viewing the agglutination
of various antigens in diffsrent dilutions of the homosloguous

antisorum,

d., Tube utination tost for serolo al, 1dentification

ai ren nlates,

Antiserum prepared for isolates R, R5 and &6 was used to -
test the serological relationship if any betweén these izolates
and the reméining four isolates of rhizobia, R1. Hz, H& and R7
by the method deseribed earlier. The antlgens for phe latter
four 1sdlates was prepared by harveating the growth of these
rhizobla from yeast extract mannltol agar aslants in physiologlical
saline and then concentrating 1t by centrifugation at 3000 rpm.
One ml of these antlggns‘containing approximately 109 cells/ml
was then added to 1:8Q0 dilution of each of the ontiserum
prepared for 1solates'33. Ry and Rc, Serum tubes contalning

homologous antigens served as the control.
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RESULTS

Preliminacy acreening for nodulatlon in different varieties of

groundaut { Arachls hysozasa L. )

A pot culture experiment was conducted 4o study the paltern
nature of nodulatian in 15 different varieties of groundnut.
The number of nodules forasd in each varlety by the native
rinizoblia is given in Tadle 1. The snalysis of variance for

the sane is pro:eated in Appendix I.

There was significant difference in the number of nodules
formed in different varlaetics of groundnut, HMaximum number of
76,25 nodules was formed in variety TMV=12 followed by sther
varicties such as U3A«123 (55,25), Exotlc = 6 (65.25), AG=61-540
(59.25) and Spanish pesnut (53.75). The number of nodules
forzed waa less in Aed Sponish (37.50), AK-12«26 (36,25) end
Ahe32 {31.0) (Table 1). |

Uased on the signiflcont difference between varieties in
. the number of nodules formed, they were serially arraaged into
the foliowing five distinct nodulation groups (Table 1). In
sach of the group, the uinimun numbor of nodules Lormed by a
particular verlety was glways higher than the maximun number
2f nadules forned by the variety in the imuediste succeeding

group,
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Table 1. Pattern of nodulation in different varleties of
groundnut (Arachls hyposaeg L.)

. opab w o -lir i O ey Sl S ol P S ) e S Y A A e s iy .

51.No, - Croundnut variety Nodule number® HNodulation group
1. ; THMVi2 75.25 I
2 USA=123 66,25
3 Exotlc=6 65,25 i1
b - EGw61=540 59.25
S Spanish beanut ' 53.75

6 THV-9 56,00
7 Cce201537 51.75
3 THV=11 49,00 111
9 Ahe=4218 49,25
10 Uganda loecal 43,50
M Co=1 - 46,25
12 Russia 44,50 v
13 Rled Spanlsh © 37.50
14 Ak 224 36425 . v
15 | Abe32 31,00
C.D (55%) 3,27

~ ik ol - o) - -y B8 cub

# Mean of ? replications.



Seven varietles of groundnut TiV=12, USAH123, Exotic=6,
Spanish peanut, TiVe1t, AL=12=24 and Al=32 were then selected
to study the host varletal specificity of rhizobla izolated

from them.

Characterisation of rhizobis from different varleties of groundnuf

Pure cultures of rhizobia izolated from the above seven
varieties of groundnut were maintained on yeast extract mannitol
agar slantas, The relatlon between the host varlety and tine

Rhizobium isolate 1is glven in Table 2.

Table 2, Relation between 'hogtevariety and Rhizobium isolate.

b o -y S ey L] g G ol

51.No. Host-variety ,gahi;gb;um isolate
1 oV, - TWV=12 | R,
2 V2 - USA=123 RZ
3 V3 = Exotice0 R3
4 VL, = Spanish peznut R&
5 Vg = TiV=11 R
6 | V6 o fMtel2-24 HE
7 _ V7 = hhe32 R7

wly A L L] ——

All the seven isolates of rhlzobla were gramenegative,
non-gpore forming and rod-shaped. They produced raised}

trangluscent and gumay colonies on yeaat extract mannltol agar



nedium aftar 72 he of lacubation.
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On glucose pepione agar

the growth of these isplates was minimum even after 7 days

of 1lncubatisn,

lactonic scid on ketolactose medtua (Table 3).

Further, none of the lsolates producad

Table 3. rimary charuscters »f different lgsolates of rhizobla

s A i Y 2 S B 8 3 -t SRS i U SR D O U MO 0 AP S i A ) v ST el ALY I S

Growkh on

Eelplactnlas

yaast extract test

mannitol agar

igolate Gram: Sporu- Growth on

iHo,. reactlon lation yeast exiract
aannltol agar

R,‘ ol Na g F

RE Ve .3 K

R3 =5 HeS |y

R& »Ve N.5 33

R§ . =ye N. o F

RG e No.S I

R? -ye N o F

R P A A i S Y o A . D A S P S S A el wbl e

A Nl S S D A s S S O Gl O A aul MY e

3

e | PR T O Y

ba

=ve = Gram negatives N.S. - non=sporeforming; Fe Fast rate of growth

+ = Scanty growth; - Lactoalc acid not produced,

Host-varietal specificity of Ehizobium in groundnut

The biometrlec observations teken on the sixtieth day aftier

planting viz., total number of nodules formed fresh and dry

welght of nodules, fresh and dry weight of pleats, plont height

and percentage nitrogen content of ths shoot portion were

statistically analysed in srder to determine the hiysie-varietal
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specificlity of different isolates of rhizobla. The maan

values for different observations are given in Tables 4 to

10 and their enalysis of variance in Appendix II, Data

£ar g1l charactera ls interpreted as the Pesponse of individual
igolate of fihizoblum to different verieties of groundnut and
alss an the response of each variety of groundnut to varinus

isolates of rhizobia, ihe comparitive effect of Rhizobium

inoculation in different varisties of groundautz is snown in

olates 4 to 5.

Hodule number

a. ‘iesponse of individual leolate of ilnizobium to different

varietios 9 groundnut

All the isvlates of rhizobia except 85 produced the maximus
number of nodules la thelr respective hoat varleties (Table 4).
ﬂ5 produced the maximum nuaber >f nadules, 65,77 in another
varliaety, UA123, The nuaber of nodules forned by isslates
R5 and ﬂs in variety TiV-12, 93, H&’ R5 and ﬂ7 in U3A-123,

R7 in Exatic=6, 35. g and R7 in Spenish pegnut, R3 in THVa11
and 35 inwﬁh-BB were statlatically on par with the number of
nodules formed by these isolatos in their respzctiva host

varieties,

b, Hegnonse of Individual varietv sf proundnut to differcent
lgolates of rhizobla

The different varieties of groundnut exhibited a favoursble
response for nodulation with their nomologous isolate of

Rhlzobium except in cese of varlety TilVeil where significantly



Plat# 1* Cooperative effect of inoculation of Shliohlun laolata
in varieties USA-123, ZMV-12 and Ak-12-24. Control plants
represent the hoeologout variety Q4V-12.

IPlate 2, cooperative effect of inoculation of Khi2oblum isolate

in varieties USA-123, cxotio-6 and Ak-12-24« Control plants
represent the homologous variety :cxotlo*6.



Plat* 3* Comparative affect of Inoculation of Phlzoblua isolate
in varieties Exotio-6, Spanish peanut and Ak-12-24. Control

plants represent the hoaologoue variety Spanish peanut.

Plate 4. Cooperative effect of inoculation of nhizoolum isolate R
in varieties USA-123, 1MV-11 and Ak-12-24. Control plants
represent the homologous variety TMV-11.



Platt 5* Comparative effect of inoculation of Rhizobium isolate
in varieties Spanish peanut, Ah-32 and Ak-12-24. Control
plants represent the homologous variety Ah-32*



44

higher number of nodules, 33.43 and 87,40 was produced by two
other isolates R, and Rz, respectively (Table 4). The number
of nodules formed in verlety TMV=12 isslates az and Rj. in
Exotlc-5, Spanish peanut and Ake12-24 by R, was also higher
than the number of nodules formed in these varieties by thelir
homologous imdlates. The response of Jpanisi peanut to isolates

R and,ﬂ?; TiV=11 to R,, R, and 37, Az=12220 t0 R, ﬁs and

3
R5 and Ah=32 to ﬂz wag statistically on par wlth the response

obtalned with their homslogous isolate of jthizobium (Table 4),

in general, the average number of nodules produced by
isdlate RE in different varicties of groundnut was significantly
higher than that produced by all the other isolates. Similorly,
US5A=123 was the best variety in terms of the average nunmber

of nodules formed by different isolates of rhizoblia (Table 4).

Hodule freoah weight

a. Respoase >f individual isolate of hizobium to different

varioties of groundnut

Fresh welght of nodules was maximum with the homdlogous
isolate of Bhizoblum except with the isolates R3 and Rs which
produced a higher fresh welght in varieties USA=-123 and V=12,
respectively (Table 5). The fresh welght of nodules due to
isolates H}, R&’ R6 and R7 in TWV=12, R1, “5’ zs and R7 in
UsA=123, Rop Ry and it in Bxotic=0 35 and ¢ in Spenish peanut,
and all other isolates in Ah=32 was statistically on par with
the fresh weight of nodules produced by these isolates in

their respective host varieties.



Table 4. lNodule number* = Interaction between

Bhizobium isolates and groundnut varieties.

oy s wb A RS S ae A S iy o - b

Rhizo-
EI_%Q. i Groundiut Vavietg_ : _____fean
1solatequy 42 USAe123 Lxotlce6 Spanish TVw14 Ake  Abe32
peanut 12=24
R.1 31,42 954,40 43,00 60,67 53.90 Ghe26 54,17 57,35
32 92,67 _1?8.03 99,43 80633 83,43 53.97 MM.35 87.72
R3 85,77 7356 89, 76 60,67 B87.40 46,00 64,10 75,39
R5 61,55 65,77 47,17 59,07 61.55 40,37 54,67 57.04
R6 30,00 47,00 37.97 45.20 31,00 53,47 35,10 40,00
R7 61.58 68,93 68,93 68,20 52,33 35,40 76.77 61.?0
Control 2.00 1,00 2¢33 2.33 2433 2,02 1.00 2.04
Mean 53,31 63,05 56,67 50625 5738 30,85 52.30
CeDo(5%) £ar comparison of levels of varieties - 4,73
CaDu(5%) for comparison of levels of Rhizobium - 5,42
Cel3e(355) for comparison of levels of variety x
- Rhizobiun interaction = 12,51

#* Mean of 3 replications,
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Table 5. 'Nadule fresh veight (mg)® - Interaction between

Rhizobium isolates snd groundnut varieties.

Rhizo= )
bium Groundnut variety Hean
iaolate - ———
TH=12 USA-~123 Exotice6 Spanish TilVe11 Ake Ah-32
. peanut 12=24
Ry, 104,687 87,00 82.33 65,33 64,00 55.00 85,67 73.43
R, 106,33 135,00 118,33 095,67 102,33 60.33 117.33 105.05
Ry 91,00 117,67  98.33  65.33 72,00 55.00 94.67 86.19
19 77,00 61.00 50,33 36,33 467,33 24,33 84.33 67.24
iy 84,67  70.00 65,33 64,00 78.33 463,33 63,00 66,93
Re 50,00 49,67  39.00 46,67 31,00 55,33 46,67 4h. 14
R, 73,67 95,30 63,00 61,67 57.33 43,00 99.67 72.67
Control 3400  3.33 2,65 2.33 3,33  1.67 2.00 2.62
Mean 7725 70.29 05454 62.71 57.00 42,25 77.29
CeDs (5%%) for comparisfon of lavels »f varieties = 7.55
"CeDe {(5%) for comparison of levels of Rhizobium = 8,07
CoeDs (5%) £or comparison of levels of variety x
Rhizoblum interaction - 21.35

%Mean of 3 replieations,
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b. Ragoonge of individual variety of groundnut to different
igoiptes af rﬁizob;g

A favourable respinse in terms of nodule fresh walght was
obtained in =ll Variéties with the homologous isolate of
Rhizoblum except in the case of TiVa11 where a significant
tncrease in nodule frosh welght was produced by another isolate,
R, (Table 5). The fresh weight of nodules was also higher in
verietlies TV-12, BxotliceH, Spanish peanut, Aite12-24 and
Ahe32 due to isolate Rye The responge of variety TMV-12 to
is5lates !15 and ii5, USA=123 to RS' Exotic=6 %2 Fl1. Spanish
peanut o 521 and RS’ TiVe11 to Bao RB and ﬂ7, AK=12=24 to R1.
Hs. 35 and H7 and Ah=32 to R, R} and R, was statistically
on par with that obtalned with the homdlopous isolate of
Rhizobiun (Table 5).

In general, the average fresh weight of nodules produced
by lsolate R2 in different varieties of groundnut was
significantly higher than all the other isdlates. 3Similuriy,
TiV=12 and USA=123 were the best varieties in terms of the
fresh welght of nodules formed by different isolates of
rhizobia (Tavle 5).

Hadule dry weight
a. Hesponse of Individual isolate of Rhizopium to different
varliagties of eroundnut.

A uniforn increase in nodule dry welght was produced in all

verieties by the homologsus isolate of Rnizobium except in the

case of isolate H1 wihich produced a significont increase in
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nodule dry weight in varietles such as USA=123, Gxotlic~6 and
[MV=11 when compared to TiV-12 (Table:6). The dry weight of
1wdules was algy higher in Spanish peanut by thlas isslate.

the dry weight of nodules due to isolate Rﬁ in variety TWWa=12,
13, Rs and'ﬂ7 in USA-123, RS in Spanish peanut, R5 in DLiVe11,
31 in 4=12«24, and R1. 33 and RS in Ah=32 was statistically
yn par with the dry welght of nodules pr?duced bygthe iao;ates

in their reapective host varietles (Table 6).

5e [esnonse of individusl varlety of croundnut teo different
iaolates of _rhi zobin

In variety TV=12 and TMV=11 signlficant increase in dry
walght of nodules was obtalned with isslates RE and ﬁg, gnd Ra
13 respectively when compared ©o their homologous lsalate of
thizobium (Table 6). Tho dry welght of nodules in variety
[iMV=12 with isolate RB' in Exotic=6 and Spsnlsh pecnut with RZ
vas hlgher thaen with the homologous rhizoblal isolates, The
reaponsge of varlety V=12 to isolates Rﬁ and R7, Spanish peznui
to R3, [iVe11 to R1 and ﬂ7, Ate]2=24 10 ﬁa nnd H7. Nga1224 1o
12 and &7 and Ah=32 to Ha end ﬂ3 was statistically on par with
that obtalned with the homologous isolate of Jbizabium (Table §).

In general, the average dry welght of nodules produccd by
Lsolate Ra in different varieties of groundnut was significantly
11 gher thaﬁ in all the other isplates. Similarly, US4=123,
[MV=11 and Ah=-32 were the best varieties of graundnut in terms
£ dry weight of nodules formed by diffebent isolates of
~hizobla (Table 6). |
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Teble 6, MNodule dry weight (mg)* - Interaction betweea
Rhizobjun isdlates and groundnut varietiaes.

dhizo- -
bium Groundnut variety lean
isolate ewaws -~ - -
TiVei2 USle123 Exotice6 Spanish TiVel] AK«=12«24 Ah=32
peanut

R, 20,00 26,00 26,67 21,00 23,33 19,00  20.00 23,58
R 34,33 52,00 39,00 31,00 33.00 20,00 33,00 35.76
R 23,67 37,00 33.33 27,00 35,00 15.67  36.67 30.33
. 16433 24,33  17.67 30480 20.33 14,00 19,00  19.95
Rg 25,00 23,00 20,00 24,00 26,67 14433  25.00 22.57

Re 10633 13.67 12.00 15,00 15.33 2033 12.33 ?4.1&

H7 17.67 35,67 22.33 16,00 25,00 20,80 37.00 22.24

Cﬂntrol 1.64 1.76 1.66 1.3& 1631 1.00 1.00 139

Heen 18.66 24,71 21.54 20,79 24,65 14.79 24,42

e ol S e e s WP S -l K ol M - - Ak anif mnb b o U -

C.D. (5%) For comparison of levels of varicties - 2.0
CoDde (5%) for comparison of levels of Rhizobiun - 2,57
CeDe (54) for comparison of levels of varlety x

dhizoblum interaction e 4,40

* Megn of 3 replications.



Plant fregh weight
a. f[legponse of individual isolate >f£ Rhizoblum to different

varietics of sroundnut

Fresh weight of ollents was maximum with the homologous
isolate of Rhizobium except with the lsolates RS' ﬂh and ﬂ5

which procduced maximum fresh welght in the variety USA-123
(Table 7). The fresh weight of plants due to isolate R,

was also higher in variety Exotic=6., Plont fresh weight due
to isolates H5 and R? in variety T#W-12, 31 and R7 in USA=123,
Ryy Rﬁ end H7 in Exotice6, RQ, RS and Rg in Ahe32 was
statisticdlly on par with fresh welght of plants by these
1solateé in their respective hoat varieties (Table 7).

b. Resnonge of individual voriety of eroundnut to different
isolates of rhizobig

A favourable rasponse in fresh welghl of plants was

obtalued with the homnlogous isolate of fhizobium in all the
varieties except in the case of variety Vw11 where igolate
Ra produced significant increage in fresh welght. The fresh
welght of plants in varieties THMVe12, Exotic=0 and Ah=32 with
isolate R2 was als> higher than that obtained with their
respective lgolates of rhizobia (Table 7). The response of
variety TiVe12 to isolate R7, Bxotic=6 %o RA' Spenish éennut
to &, and Uy, LWV-11 1o Ry and R,, =32 to H; and R, and
Ai=12-24 to all the other ismilates was statistically on par
with that obtained wltp the homolopgous igdiate of Rhizoblum
(Table 7). |
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Table 7. Flant fresh weight (g - Interaction between
dhizobium isolates and groundnut varieties

Rhizobium Groundnut variety fdaan

iz0lote = e
T4V=12 USA=123 Exotic-6 Spanish TMV=11 Ag=12-24 Ah=32
peanut

[ v— [N A alp in- D v 0D wes Sy e gl Wi B ki S ong 4o anb wiB-als S0 B U TR il LIS

Ry 293 785 buSh 855 Subb 455 5,92 5.69
R, 8420 10,23  9.28  6.65  5.37 495 7.86 7.9
R 5,60 8,60 8458  Te23  6.09 533  7.21 6,95
Ry, 5.30  7.52  7.63 Ze33 5.7 430 6,90 6447
Ry 5,85 6,95 5.92 © 5.60 6,90 505 5.89  5.90
Rg 403 502 3.98 4,00 409 552 5.00  4.37
Ry 7415 7.60 6472 6412 5.82 543 775 6.54

Control 2,03  4.90 2,02  1.75 2.19 1,28 1,48 1,78

E 3 A e A - Lt <= A A Pk b

Mean 5.75 546 6.03 5042 5.45 "-1'067 6,00 -

------- o ol v i W D S AR AR W S TR o L
e -

CoDy (5%) for comparison of levels of varietles - 0447 -
CeDe (5%) for comparison of levels of Rhizoblum « 0.37
CaDo (5#) for comparisen of levels of varlety x

Rhizobium interaction - 1.05%

* Mepn of 3 replications,
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In general, the average fresh welght af plants due to
isolate R2 in difforent varletles of groundnut was significantly
higher than all the other Lgolates. Similarly, U5 =123 was the
pest varlety in teras of fresh welght of plentis due to inoculation

with different isolates of rhizobia (Table 7).

Slant dev walicht
a. f{lesponse of individual isolate of Hhlzobium to different

varieties of zroundnut,

Dﬁy welght of plants was maximum with the homologous isolate

of fthizobium excgpt with the isolates Ra. ﬂﬁ, ﬁﬁ and R7 which
aroduced maximum dry welght in the variety USA=123 (Table 3),.
The increese in dry welght due to isolate Rs in variety ThVe.12,
Exotic-G'and Ahe32 was also higher when compared to its hosat
variety TiV-11. The dry weight of plants due to isolate Rz.

H3 and RS in TMV=12, R, ang R3 in USA-123, R,, Ry Ry Ky and

R7 in Spanish peanut, R1, RA' RG and R7 in TMV=11, R1 and R5

in Akw=12=24, R1 and ﬂs in Ahw32 was statistically on par with the
dry welght of plants by these isolates in their respective host

varietiss (Table 8).

b. Regponge of individual veriety of groundnut to different
isolates of rhizobig

A favourable response in dry weight of plants was obtalned

with the homologous isolate of iihizobium in all the verieities
excopt in varieties TiiVae12, TiVa11 and Ake12«24., Increase in

dry welght in TiV=12 due to isolates Ra and RB' in IMV~11 due



to Ry, 5 was higher when

compared $0 the dry welght of plants by thelr respective

Rz, RB' Rq and in Ak=12-24 due to R

homalogous isolates or rhizobla. The responge of veriety
TV=12 to isolates R5 and R7 Bxntice6 4o R,y Spanish peaut
0 ilyy Ry end Ry, TW=11 %o Ry, =32 to A,y Ryy R, and R;
and Ake=12=«24 to all other 1lsolates was statistlieally on par
with the response of thege varieties to thelr individusl

homologous isolate of dhizobium (Table 3).

In general, the average dry welght of plents due to
igolate Rg in different varietlies was significantly higher than
gll the other isolates, The Increcse in dry wedght of »lants
due to isdlate RB was 2130 statlstically on »ar with that of
isolate of_Ra. Similerly, USA=123 proved to be the best
variety in teras of dﬁy waight of plants due to Inoculation with
different isolatea of rhizobla. The response of varieties such
as Exotlc=6, Spanish peanut =nd THV-11 to Rbizebilum inoculation
was also egqually good (Table 3).
Plant helcoht

a. iHesponse of individual isolate of Rhizoblum to different

varietida o2f proundnut

A general increase in plant helght due {0 homologous isolate

of Bhizoblum was obtained only with isolates R1 and 37. Igolates
R2 and ﬂa produged significant increase in plznt height in
varietles TMV-12 and Ah=32 roapactively instead »f in varieties
US/=123 and Spanish peenut (Table 9). The isolate Ry also
produced a similar reesult in varicty Ah-32. The increase in
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Table 8, Flant dry weight {(g)* -~ Interaction betwsen
Rhizobium isolates and groundnut varieties.

Rhizp= "

;Ium ) ) Groundnut variety . e

1solate iy 42 UsA-123 Exotic-6 Spanlsh TiV-11 Ak=12-24 Ahe32
peanut .

R.1 c .59 1.40 1.44 1.03 146 1415 1.27 1.3¢

Ry 1466 2,05  1.91 160 1,55 1.1 1.52 1,61
Ry 159 1,96 192 145 44 145 138 1.6C
R, 1,02 1,85  1.43 1.8 133 0,98 135 1.5

1,80 1,46 1,52 1425 1,30 1.26 1.40 1.4
e 0.86 1,20 0.94 1,00  0.95 1.16 0.77 0.9
R, 1,30 1,76 .46 . 1,485 141 1,09 1,75 Aol

COBtrdl 0.63 ’ 0-42 0.40 0.29 0e55 0,27 0.36 0.4;

Mean  1.26 1.43 1.34 1.29 1,31 '1.03 1419

CeDd(5%) ' for compariszon of levels of varieties - 0.4
CeDa{54) for eomparison of levels of hizoblun - 0.16
CeDu(5:#) for comparison of lavels of variety x

Rhizoblum interaction - 0,42

# Mean of 3 replications.



plant helght due to RB’ RS and RG in THV=12, R1, RB' RQ and

in T"Wa11, Rz, RB and R4 in Ak-12-24, H5 and Re in Ah-32 was
statlistically on par with the height of plants by these 1lsolates
in their respective host varieties (Table 9).

b. Regogonge of individual groundmut varleties to different
igolntes of rhizobia

A favourable response in plant height was obtained with

the homologous 1solate of Rhizobium in all the varieties except
in TMV=12 where the isolate Ra produced: significant increase
in plant height (Table 9). The response of variety TMV=12 to
igolate R, R and Re, USA-123 to Ry, Ry and Rpy RUV-11 to

Rys By Rﬁ and R7, Ak=12=24 1o Ry, Roy H3’ R, and R7. Ah=32 to
Ry RB' Rl&’ R5, and Ry and varieties Exotice6 and Spanish peanut
to all the other isolates was statistically on par with that
obtalned with the homologous isolate of Rhizobium, The increase
in plant height in control plants of varleties Spanish peanut
and Ah=-32 was also statlstically on par with that of the
homologous isolates of Rhlzgbium (Table 9).

In general, the average helght of plants due to the isolate
R2 in different varleties of groundnut was significantly higher
then that due to all the other i1solates, Similarly, Ah-32 was
the best variety in terms of plant height due to inoculation
with different isolates of rhizobia,



Table 9,

06

Plant helght {cm)* -~ Interaction between

Rhizobium isolates and grouﬂngt varieties.

¥ iMean of 3 replications.

Rhizobium Groundnut varlety . Meen
lsolate quy 92 USA-125 Bxotlc-6 Spanish TVell As=12-24 An=32
" peanut
R, 43«67 - 4483  h2.77 31,50 45.50 38,47 36,00 39,96
R, 53,33 43,33 43,53  37.33 49,83 40,00 59.33 48.93
Ry 43,40 652,90 43,33  35.67 42,33  45.17 56483 44,37
R, 42,85  235.17  39.57  33.30 32,93 35,03 56,33 40.91
R, 45,50 36,60 41,50 40,37 43.90  34.17 50.67 41.96
Rg 37.33  33.83 40,17  29.40 20,50  35.73 43,33 35,61
R, 43.93  43.60 43,17  36.27 38.26 36,50 5833 43.15
Control 30.07 32,40 31.67  29.50 30.53 - 29.83 35.83 32,35
Mean  43.94 33,46 43,291  35.57 37.43 37,24 50,38
CeDe (5%) for comparison of levels of varieties = 3.19
CeDs {5%) ror comparison of levels of Rhizobium = 3,41
GeD. (5%) for comparison of levels of variety x
Rhizobium interaction - 9,03



Pergentage nitrogen content of plantg
a. itesponse of individual 1s9late of dhizobium to different

varieties of oundnmit

The percentage nitrogen content of plants was maximum
only with the homologous isolates R,, 3, and fg (Table 10).
Lsolate R1 produced significantly higher nitrogen content
in USA«123 when compared to TiV-12, The percentage nitrogen
content of plants due to imolates Ry, RS and R7 in USA-123,
R1. R5 and R7 in Exotic«bH, R7 in TWe12 and Spanish peanut
was higher than the nitrogen content of the homologous host
variety. Increase in nitrogen content due to isolate R and
R6 in TMV=12, R, in Exotic=5, Ry and R7 in TMV=-11 and R§ in
Ah~32 was also statlstically on par with the niftrogen content
of plants by these isolates in thelir respective host varietlies

verieties (Table 10).

b. 2eanonsge of individual variety of eroundaut to different
1s3lates of rhizobig

A favourable increoase in nitrogen content of plants was
obtained with the homologous isolate of Rhizoblum in all the
varieties except in the case of Exotic=6 and TiiVe11 where
simificant increase in nitrogen content was obtalned with
another isolate R, (Table 10). The percentage nitrogen content
in varieties IVe12, AX=12«24 ond Ah-32 due to 1solate Rz
and in Ah=32 due to isolate “ls was nigher than the nitrogen

content obtained with the homologous isolatc of rhizobig.
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Table 10. Percentage nitraogen content® - Interaction

between fhlzobium isolates and ground variaeties

Rhizobiu Groundnut variety Yean
igolate

TAVA12 USA=123 Bxotloe6 Sponish TiVeil Ak=12-2h Ak=32
' peatmat )

H1 3:1% 3.70 3.16 2.81 3.05 2.54 2.75 2.99

R, 326 413  3.99 4 3,72 2,93 3,03 3,51
R 3.4 378 3,57 2.90 2,90 2,49 2,95  3.10
R, 3,00 3.4  3.00 Zubh 2,90 2,55  2.81 2,91
Ry 276 B4 313 2,39 308 238 3.05 2,89
Re 2,33 221 2,35 211 2,25 2.2 2,30  2.43
Ry 3,05 3.23 3.0 540 2,85 237 302 3.0

Jontrol 1,41  1.48 1425 1.48 1o 3l 1.45 154  1.43

Mean 2,74 3,08 295 2,74 2.76 243 2.78

L L o ] . - - o - A R R il e S iy W

é.ﬂ. (5#) for comparison of levels of varleties - 015
CeDe (5%) for comparison of levels of Rhlzobium = 0,14
CeDe (5%) for comparison of levels of variety x

Rhizobium interaction = 039

* Mean sf 3 reglicatlons,
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The response of variety TMVe12 to 1lsolates RB’ R4 and R7.

USA=123 1o Rz Exovic=6 to fg, Spanish peanut to R, and Roy
TMV-11 to H3, 14 and R7, Me32 10 H1, RB end “h and Ak=12=24

to all other isolates was statistlically on par with that obtained
with homologous isolate of Rhizobium (Table 10).

In general, the average nitrogen content of plents due %o
isolate R, was sipnificantly higher than a1l the other isolates,
Similerly, USA«123 was the best variety in terms of percentage
nitrogen content of plants due t5 inoculantion with different
tsolates of rhizobia, The response of varlety Exotic=5 to
Rhizobium inoculation was 2lsp statistically on par with the
variety UsSa=123 (Table 10).

characteristics of different

isolateg of rhizobing

as GQrowith in veast extract mganlitol broth

Rate. of ércwth of 21l the seven isilates of rhizobia in yeast
extract mannitol broth was determined colarimetrically. ﬁean
valucs of O, obtained at 6.h. intervals to 72 h. of incubation
-are presaented in Table 11s All the 1solates had an almost
identical fast rate of growth (F1g.2). lsolates R, and i, reached
the stationery phase in 42 h, while the remalning isolates R1,

R, s R5, RG and R7 reached the same in 43 hs There was no growth
far any of the isolates tested after 54 h, of incubation,

b. pil_tolerance

Tolerance to a wide range of pH £rom 3.0 t9 11.0 was tested

for all the geven isolates of rhizobia in yeast extract mannitol



Table 11.' Growth of different lsolates of rhizoabia in

yeast extract manaitol broth.

Rhlzabium

Q.. values at 6 h. intervals¥,.

o - L) s e v T Y e VD A O S I S A

® HMean of 3 repliczticns.

isolate e o e 23 e . e e et e - —— - -

- 0 6 12 13 2h . 30 3? L2 43 - 54 ?O 65 72 _
R, 0.02b 0.045 0,065 0,085 0;130 0150 0.180 0,220 0,260 0.260 0.260 0.260 0.250
], 0.020 0,065 0,130 0,160 0,240 0.320 O;QOD 0.450 0.450 0,450 0.450 0,450 0.450
R3 0015 04050 04120 0,150 0.220 0,290 0,300 0.375 0.378 0.375 0,375 0.375 0.375
®,, 0.020 0,040 0,100 0,110 0.140 0,170 0,200 0,250 0.250 0,290 0,290 0,290 0.230
35 0.015 0,035 0.050 0,090 0.120 0,185 0,200 0,260 0.235 0.285 0,285 0.235 0.285
s 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.C15 06030 0,050 0,090 0,125 0.170 0,250 0,230 0.300 0,300 G4300 Q4300 0.300
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Table 12. pH tolerance o

f different isolates of Rhizobtum

o

Isolate i, Isolate R, -t

-pH 9.0, values at 24 h. ln_ige_ex'véla* _ pH O.lie values at 22; h. in‘teg'_\_fals * )

0 24 . 48 72 0 24 48 72
3 0.025 0,025 0.025 0.025 3 0,015 0.015 0.015 0.015
5 0,020 0.050 0.095 . 0,095 5 06010 0,055 0.0%90 0,090
7 0,015 0,205 0.280 0.280 7  0.010 0.250 D¢ 510 04510
9 0,010 0,070 0115 0.115 9  0.910 0,065 0100 0.100
11  0.020 0.020 0.020 0,020 . 11 0,025 0,025 0.025 0.025
oD, T C.D. o
(5%) 0.026 C.030  0.042 (54) 0,025 0.070 - 0.070
Isolate R3 ) Isolate Rls

pH D.D,_values at gg_h: intervals * oH _9.D._values_at 24 h,. 1nt;rv§l_s * —
0 24 43 72 0 24 48 72
3 0.015 0,015 0,015 0.015 3 ° 0,020 0.020 0,020 - 0.020
5 0,010 0.095 0.155 04155 5 06010 0.035 0.135 0.135
7 0.010 0,220 0, 370 0.370 7 0.020 0.185 De 310 0e310
9 0.015 0.110 0.195 0. 195 9 0,015 0,060 0e15) 0.150
11 0.020 0,020 0.020 0.020 11 0,010 0.010 0.010 0.010

C.D, - coD, I
{5%) 0.039 0.050 0.050 (55%) 0.031 0,190 0.190




laolate R5 - 1Isolate Rg

~

oH «QaDs _volues at 24 h, intervals * pH =-2=0s_values at 24 'h,_intervals ®
0 . 2%-: - 48 72 - .
3 0.010 0,010 0.010 0,010 3 0,015 .0,015 - - 0,015 - 0,015
5 0.020 0,040 0,030  0.090 5 0,015 0.040 ° 0,030 0,090
7 0,010 04190 0,280 , 0,280 7 0,020 0,110 ° 0,210 0,210
9 0.025 0,085 0,165 . 0,165 ‘9 0,019 0,050 ° 0,100 0,100
11 0.025 0,025 0,025 0,025 11 0,020° '0.020 . 0,020 0,020
‘GODI a | . G.D. . . ‘
(5%) . 04040 . 0,113 - 0,113 (55) 0.030  .0.090 0.050
Isolate R.T
oH = O.D. values at 24 h, inte_r'vals_f‘ '_
S - 0 24 S w72
3 0,020 0.020 0,020 . 0.020
5 0,010 04055 0,100 04100
7 0,015 0,150 0,250  0.250
9 0. 020 0,030 0+150 0.150
 CuD. T .. o
oy * . pp— G\
&3

* Maepn of 2 replicziisna.
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broth, The extent of growth was measured ia terms of 0.D,
The mean values for the same are presentéd in Tablé 12 and

their analysls of voriance in Appendix I1l.

The various isolates tested showed a similar pattern of
growth at different levels of pH, Significant growth wes
obtained only at pH 7.0. Growth of all the is%lated was
minimun at P 5.0 =2nd 9.0 and gbzent at pH 3.0 =nd 11.0
(Table 12, Fig.3).

ce Antiblotic mensitivity

The s;ven igolates of rhizobla were tested for their
gensitivity to the antibiotic; streptomycin at concentrations
ranging from 50 to 500 microgram'per ml., The growth in yeast
extract mannitol broth containing the various concentrations
of the aentlblotic was measured in terms of J,D. i#ean values
of these observations are given in Table 13 and the analysis

of variznce in Agpendlx IV,

Growth of all the isolates of rhizobia exeoot R2 and 33.
was moderate at 125 microgram per ml and completely inhiblted
at 250 microgram per ml. Isolates R, end R; ware able to
grow to some extent at 250 nlcrogram éer Mle Bul there was

no growth at 500 microgranm per ml (Table 13, Fig.h).

d, SJgralopical studies

Mtiserum prepared for the three isslates of rhizobia, R3,

R5 and RG was used to study the sarological relatidnship of all
the seven isolates of rhizobin, by the whole cell agglutination



Table 13. Sensitivity of different isolates of Rhfzobiug to

Strepioayein sulphata.

Isolate R‘l o

- - Ul Y s S e Sl T

Levels of DD, ?alues:x at 24 h'_fffff‘:ﬂfi

PHgfm) | -
50 0,015 0.215 0.215 0.215

125 0020 0,095 0,150 0.190

250 0,020 9,020 04020 0.020

500 0eC15 0015 0.015 0,015

fgﬁ; 0.021 0.043  0.049

Isvlatn R3

Levals of  OsDe Vilues at 24 b intervals?
tivlotic o ' -
50 0,030 04200 0.340  0.340
125 0.010 0.440. 0.210 0,210

T 2590 0,040 0,065 0.090 0,030
500  0.045 0.045 0,045 0,045

D )
(53%) 0,049 0,049

0,021

Isolgte Ra

op)
W

Cele valucs &t 24 h, intervals*

Levilf 0{
antiviotic iy
24 48 72
(Fg/m1)
50 0.030 0230 0.4430 ° 0,430
125 0s025 04175 0. 215 04215
250 0,020 0970 G110 0,110
500 D030 0,030 D, 030 04020
Gl } o )
(233 0,024 04031 0.?81
Isn)ate R#
Levels of 0.0. Values ‘Ta.t 24 h. intervaia®
ansibiotic 7T AR e
(f"gg/ml) 26, .48 72
50 0,030 0.165 0,265 0265
125 06015 0,055 1,120 0120
500 0.020 04,020 0,020 0,320
CoDs o -
(5% 0037 0,063 0,063




Isslate 35 . Isolate ﬂé
"\‘ﬂ‘ﬂ-ﬂ‘:-ﬂﬁna ) - - L._. l _" . - ._ “ “ - N
gz%%%?aéfc _f:D- ?alu?? at 24 he iffePVals*_ ngggégozic -0.9:_?@1&?3 abt 24 b, Lntarvalsi
(Fg/ml) 0 24 48 72 (Fg/m)- 0 26 43 72
- 50 J0.010 0.990 0.285 0,285 50 0.015 0.155 0.225 O 225
125 0.020 0,145 0175 04175 125 0.015 0.100  0.165 0,165
250 0,025 0,025 . | 0.025 Q6025 250 ‘0.920 0,020 0.020  0.020
500 Q.020 Q020 "0eN20  0,.,020 200 0.010 0.010. 0.010 04010
c.1, T C. D, o
Isglate Re? :
iﬁgiizozgc C.D, values at 24 h, ;ntervais*
(Pg/fuL) 0 24 48 72
59 0 0,030 0.145  0.260 0,260
12% 0.030 0.090 D165 04,1065
250 Q0,020 0,020 0,020 0,020
S00 0,025 0.025 0.025 0,025
GuD. . »
(Ss{’) 0.3&0 0-0!41 0.0’41 m

# [Hagn o»f 2 repllications.
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test. The antiserum prepared for isolates R3, R5 and Rg was
initially tested for their titre values using homologous antigens.
Agglutination of the homologous entigen was obtalned with the

800 dilution of the respective antiserum (Table 14).

In the serological characterisation of different isolates,
agglutination was obtained only with the homologous antlgen
except in the case of isolate R, which agglutinated with the
antiserum for isolate R5 (Table 15, Flatesb,. 7 and 8).,



Table 14. Titre value of mntiserun by tubes agglulinatisn test

Atiseruan

for isolate

S S G L W ) D D U SR D T P S Al e e SO S R A S D s e e g U AT - a5 D A WD P s b S S -l S S G g R
'

Bilution of sntiseru:

anizobiun 50 100 200 450 B30 | 1,600 3,200 6,400
R3 + + + 4 s - - -
‘ F-S + L e “+ 3 - [ -
55 * + + > - - - -

+ rositive reaction

- Kpgatlve raaction
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Table 15. Serological characterisation of different isolates

of rhizobia

i g 2y wule yng ol o vegh AN G SR AL A S vl

Rhizobium e Mntiserum for isolate
iso1ate Rﬁ
3 Rs
R1 - L
Ra - -
’RB + -
Hh - -
Rs - L
R
Q_ - -
R? - -

* Posltive_reaction

- Negative reaction



Plate 6. Hibe agglutination teat for serological characterisation
of Rhlzoblum Isolates using antiserum prepared against
isolate Rj*

agglutination test for serological characterisation

of Rhizoblum Isolates using antiserum prepared against
Isolate



i 1§

Plate 8. Tube agglutination teat for serological characterisation
of Rhizobium Isolates using antiserum prepared against
Isolate
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DISCUSSIOR

The currcent interest in the use of plant proteins as a
substitute for znimal proteins in developing countries had
led to the development of many new varieties in pulses with
high yielding poteatial, However, one of the problems with
these varieties is the lack of propsr nodulation and the
consequent necessity to use fertilizer nitrogen for thelr
'cu1t1VQt19n. This anomaly occurs either due to certain inherent
physiological factors 2f the host varioty acting ageinst
nodule formation or due to the lack of approprlate strains of
rhizobia for nodulation in thems This has led to the ilntensive
screening of different varietics of pulses for proper nodulation
30 that one can capitalise on the natural phenomenon of
synblotic nitrogen fixation for getting nitrogen economy and
optimua yleld., It is with this obJective in nind that the
present Iinvestigation was carried ocut. Can there be a hoste
varietal specificity for Rhizoblum affecting nodulation in
groundnut? An attempt is made to answer this questlion by
studying the nature of nodulation and the resulting benefits
in seven sclected varieties of groundnut by rhizobla isolated
from then in all possible combinationa. |

A pot culture experiment was done initiaglly tp study the
pattern of nodulation in fifteen varieties of groundnut, The
different varleties tested showed a clear difference in the
number of nodules formed in them by native rhizobia already

present in the soil. Based on the significent difference in
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the number of nodules formed in these varlieties they were
arranged into five distinct nodulation groups. In each of

this group, the minimum number of nodules formed in a particular
variety was glways higher than the maximum number of nodules
formad in a variety in the immediate succeeding group, lHaving
thus obszerved a certain degree of variation in the number of
nodules formed, further study was conducted to see whether 1t
was the same strain of Rhizobium that had formed nodules in

all these varieties. This was tested by selecting seven
varieties of groundnut representing each of the ‘above mentioned
nodulation groﬁp except group IV which could not be included

due to reasons mentioned earlier.

Rhiznobium wasg isolated from the following seven varieties
of groundnut, THV=12, USA=123, Cxotice6, Spanish peanut,
TiVa11, Ak=12=24, and Ah-32, All these lsolates were grafte
negative, non=-spore foﬁming rods which produced the typical
white, gummy and transluscent colonies on yeast extract mannitol
agar medium after 72 h., of incubation at 28 + 1°C, None of
the isplates grew well on glucose peptone agar or produced acld
on ketolactose medium confirming the basic characteristics of

Rhizobtum as described by Vinecent (1970).

The different isolatez of rhizobia were then used to study
their hostevarietal specificlty, by conducting a poteculture
experinment under aseptic conditions in a glass house, The
8 x 7 factorial experiment had 8 levels of culture treatments

and 7 lavels of host varieties. In this experiment each of



the seven igolate of lhizobium was used far lnoculating its
own homologous host varlety as well as the remaining sixz

heterologous hoai varleties.

The plants were grown for 60 days and observations on
the number of nodules formed, fresh end dcy weight of nodules
and plants, plant helght and perceatage nitrogen content were
taken. Data for these observations is interpreted in two
possible ways as the response of individusl isolate of
Rhizobium to different varieties of sroundnut and as the
response of each variety to different isoliates of rhizobia,
Out of these, the former is mainly relied on to study the
presence 5 host-varietal specificity of Znizabium, if any,’
in groundnut,

In general, a favourable response for all the plant”
characters studied was obtained when an lsolate of Rhizobium
was used for inoculating its own homologous host vardiety,
Muthusany (1970), Caldwell and Vest (1979) ond ¥Wynne (1930)
have aleo reported similar response for rhlzobial strains in
groundnut,. The effect of ilnoculation with each of the secven
isolates of Rhizobium on nodulation end other characters in
both the homologous and heterologous host varlietles is gshown
in Fig,% t2 11. Certain exceptions to the above general
obaervation was a2lso noticed, &or example, isslate R1 produced
simificant increase la nodule dry weight in vuarieties USA=123,
Exotic=6 and TMV-11 when conmpezred to its homaologous host varlety

V=12, A significant increase in nitrogen content was alss



Grading of plant characters for

graphical representation,

Grade
Character
Low Medium High
Nodule number 30=59 60«89 90 and aboves.
Nodule fresh weight({mg) 20=59 60=109 110=150
Nodule dry weight (mg) 0e20 21=40 51=60

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

Percentage nitrogen
content

290-5!5 5!6‘805 806-11 @0
0eli5=1,05 1,06=1:70 1.,71=2.30
20=32 33=47 48-60

2.0-2. 71’ 20 75‘3.159 3.50-l‘¢25

Scale taken

Value

0.5 cn 1 em 2 cm

Notet The figure within the circles in graphs represents

the sunm total of the values of grades for each

character.
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produced by this isolate in variety USA=-123, Similarly,

isolates R,, R, and RQ produced significant increase in plant

2
neight in variZtles TiiVae12 end Ah=32. Such variations in the
regponge of rhizobial atrzins in groundnut is obaserved earller
also by Singh et zl. (1976) when they found that the Rhizobium
1splate from groundnut variety TiVe3 was ineffective in this

variety when compared to two other isolates of rhizobia obtained
£rom a wild variety, Arachis dursnengis,

Although during the present investigation, observations
on geven different plant characters were takén to @tudy the host-
varietal specificity of Rhizoblum, 1%t may be pointed out that
the efficliency of a legume=Rhizoblum symbilotic systen is
prinarily reflected in the number of nodules formed and the
resulting nitrogen content of the plents. The former character
indicates the competitive and invaslive ability of a rhizobizl
strain and the latter 1ts nitrogen fixing ability. A brief
review of early work done in this field supports this concept.
Albrecht (1943) assessed the effectiveness of six single strains
of cultures of rhizobla with spenish pezauts in terms of the
nusber of nodules formed and nitrogen content of plants. Zrdman
(1947) found that the total nitrogen content and nodule number
are highly correlated and used them to study the strain veriation
and host specificity of Rhizobium trifolit in faur species of.
Trifolium. Vincent (1970) reported that the most direct basls for
evaluation of symblotic efficlency is to measure the nitrogen
content of the plants. Similar assessment of symblotic system
is also made by Schneewis et sl (1978). Alagawadl (1979), Sheth
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'(1979) gnd Wynne gt gl. (1980) in groundnut; Varela and Munéwar-
(1978) and Pugashetti snd Wagner in soybean; Dadarwal et zl.(1975)
and faju end Samuel (1976) in chikpeas, and Singh e} gl. (1979)

in plgeon pea. Hence, in the presént study also an attempt ia
made to lnteréret the hostevarietal specifilclty in terms of the

number of nodules formed and nitrogen content of the plants.

In the study on the response of individual isolates of
Rhizoblum to different Vafieties of'groundnut. it was found that
" all the isolates except RS produced maximum number of nodules
in thelr respective host varieties. However, a corresponding
high nitrogen cohtenﬁ off plants was gbtained only with three of
ﬁhe 1saiates,:R2, R& and me. Thlis indicates a beneficlal
assoclation as well as en apperent hogtevarietal spacificify
of these isolates, This observation is further supported by the
fact that the assoclation of these rhizobia with certain other
host Varleties resulted in significant reduction in nndule
number and ni#rogen content when compared to thelir respective
homologous host-varieties, The isslate R2 produced significantly
less number of nodules in all host verieties other than USA=123,
A correspondiﬁg sigificant decrease in nitrogen content of .
plants was algo observad except in the case of variety Exotic=6,
Isolate 3“ produced significantly less aumber of nodules eand
nitrogen content in 2ll varieties except, UsS4=123, Similaﬁly.
iaslate Rs produced significently less number of nodules and
nitrogen in varieties such as TiV=11 and Ah-32,
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Howaver, it would be seen that the varietal specificity
shown by these ilasolates was noi an absdolute phenomensn. Evidence
for this comes from the fac¢t that these isqlates could produce
equally gond results in some ather varieties of grouadnut. Thus,
the niteogen content of variety Fxotic=0 due to isolate Rg was
statistically par with the nitrogea content of varlety Ulfi=123,.
The number «of nodules formed and nitrogen content of varlety
USfe123 , by isolate Rh was alsy statlstically on par with that
of-Spanlsh papnut, the homalogous hostevarlety of thiz lasolate.
3imilerly, the numnber of nndules praduced by lzolate ﬁg in USA=12!
and Soanlsh peanut, =snd alirogen conkent of plants in varieties
T:W=12 andé Ex0tic=5 was atatlzticslly on gar with that of
Ate12«24. These observations therefare iandicate that the hoste
varistal specificity of rnizchié a3 seen here ls not absolute,
Further, it appsars that the beaefits resulting from this type of

afying asspciatisn s more = e host determined phenomensna
Such a role Cor the host geniotype has been put forwsrd by other
wickers also (Caldwell and Vest, 9979, and dymne gt ak. 7.1930).
The bshaviour s obther isﬂlates of rhizsbiz also supports this
hygothesige. The nitragen gontent of 2luant varieties USi=123,
Exotic-5, Spanish psanut and TiV~19 was either significantly
higher or gtatisticelly oo por wlth @quig geaplite the fact that-
igolate ﬁ1 4id net produce any significant increase in nndule
numbor in these varletiese Similarly. the suaber of nodules
produced by isdluts RB in Me12 mmd IVeiq althsu2gh waa

atatistically on par with Lts hoat variety Dxotic-5, the nitrogen
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content of these plants was significantly less., Sueh variatlons
con also be scen in the case of isolates-R5 and R7. Thus a
glven strain of Rhizobium eventhough compeiitive and efficlent
in nodule formation and nitrogen fixation in one varlely may
not produce the same result in another host variety winich may
ha?e certain lnherent physiologlical limitations to favour this
aymblotic phenomenon. 1t is worthwhile to rocall here the
exlstence of non=nodulation varieties in soybeasns, This will,
in fact, be a seriosus orobvlem which breeders of new varieties
of pulscs uilllhave to take into consideration, for, the lack of
effective nodulation in pulses will lead > the higher use of

fertilizer nitrogen for their cultivation.

Another aspect of the present investigation was to see whether
one can select a rhizoblal streln which has got an efficlent
compatibility. with more than one groundmat varlety and whether
ona can select a varlety which can show a favoursble respinse
to inoculation with more than one rhizobial strain. ~from the
mean values presented in tables 4 and 10 for nodule number and
nitrogen content, one can see that isolates Ra and R3 are more
compatible with different host varieties, when compared to all
other isolates of rhizobla in terms of the symbiotic efficiency
measured by the average numbef of nodules formed and the nitrogen
content of plant varieties, Sim;larly. groundnut varieties
USA=123 and Exotlc=6 showed the most favourable respounse to
inoculation with different isolates of rhizobia, Similer response

of certain varleties of groundnut to Rhizobium inoculstion is



reported by iynne at_al. (1978). Further, \yane gt gl. (1980)
have supuested that by selectisn of siheclflic bogltestraln
eonbinations or by selacting stralns andfor varieties with
adaptation to a broader range of nost varieties/ihlzobium
igolatas, increased symbiotliec beneflts can be oblalned in

graundnut ersp.

The last part of this atudyrwas mainly concerned with the
Po3slble strain variationa, if any, between the seven lsolates
of rhizobla, 1t was observed that all the isolates had an
indential fast rate of growth and tolerance to different levels
of pil batween 5.0 and 9,0 Studles conducted by Hajagopalen
(1933), Hablsh and &hairi (1965) and Yadav and Vyas ,,t{_:1'97o)
sapport this observation, In the case of antiblotic sensitivity,
gome difference between the seven i20lates of rhizobia were
noticed, The Laolates RZ and 33 ware oore reslatant to gtreptoaycin
sulphate upto 250 Mg/ml while the reasining isolates were all
sensitive to this concentratisn of the sntibiotic., Use of
reslatonce to streptomycin sulphate has bgen recommended for
strain identification by Brockwell et al, (1973). But the more
interestiag observation here was that lsolates Ra and R3 vere
the moat efificlent and compatible strains when campared to all
other Lsolates of rhlzsbla Indicating a certaln degree of
corrglation betwsen resistance to this antibiotic snd symblotlc
efficlency. The more competitive nature of such rnizoblal

stralng 18 reported earlier by On Prakash (1930),
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In the serological characterisation, compléte identification
nf various 1solates of rhizobla was not done since Eerum for only
three igolates RE' R5 and R6 could be prepared, Tube agglutinatisn
studies sfiowed that these ilsolates were distinct, from one
andther and also from the remaining isolates of rhizobla except
R1 which showed a positive agglutination with the antliserum for
1asolate 35. Regarding the agglutination of igsolate R1 with the
antiserum for ﬂs, one 1ay conclude that these isolates are one
and the game strainsg. But the apparenf difference in plant
characters due to inoculation with these isolates in varietics
TiVa12 and TMVe11 indicate that they are related but not identiecal
stralns, A more conclusive result would have been obtained by
a precipltin reaction which could not be done during the present
iavestigation due to the relativel} low titre value of varipus
antisera. Iliowever, 1t is intercating to note that host varieties
TiV=11 and TiiV-12 are probably the most related of all the
different varieties of groundnut used fsr the present investigation.
Can there be then such subtle variations in rhizobial strains
also to indleate such close relation not amsunting to the complete
identify o»f both the 1solates as one aznd the same strain?
Howaver, much more work in this direction would be necessary to

arrive at defenitive conclusions.
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SUMMARY

An investigation was carrled out at the College of
Agriculture, Vellayani, HKerala to study the possibility of
hozt=varietal specificity of ihizohium for nodulation in

groundnut,

A pot culture experiment was done initially to study the
pattern »£ nodulation in fifteen varieties of groundnut. Dased
on the significant difference in the number of nodules formed
in these varieties they were arranged into filve distinct
ﬂgdulaﬁion groups. In cach of this group, the ninlmum number
of nodﬁle formed in a particular variety was always higher
than the maximum number of nodules formed in g variety in
the immadiate succeedling group. Seven varieties of groundnut
TMV=12, USA=123, Exotle=5, Spanish peanut, TiVeq1, fie12=24
and Ah=32 were selected from amng these groups for further

studies,

Rhizoblum was 13olated from the above seven varleties
and pure cultures were maintalned. All these isolates were
gramenegative, non-spore forailng rads which produced the
typical, white, gummy and transiuscent colonies on yeast
exiract mannitol gear mediun after 72 h, of incubation at
28 + 1°C. None of the isolates grew well on glucose peptone
agar or produced acld on ketslactose medium, confirming the
basic characteristics of Ruizobium as described by Vincent
{1g70).



A pot culture experiment waé then conducted under aseptic
‘aonditions in a glass house t9 study the hoste-varietal specificity
of dilfferent 1lsolates of rhizobla, The B8 x 7 factorial
experiment had 8 levels of treatments and 7 levels of host
varieties, One representative rhizabial isolate taeken from
each variety was thus used for inoculating its homologous hoat

varlely as well as the remsining six heteronlogpus host verleties.

The plants were grown for 60 days when the observations
such as nodule number, fresh and dry weighit of nodules and
plants, plent helght and percentage nitrogen content was taien.
Data for these observations is interpreted in two possible ways

as the resgponse of individual isolate of hizoblum to different

varieties of groundnut and as the rasponse of each variety to
different isolates of rhizobia, Cut of these, the former was
mainly relied on to study the presence of host varietal
sﬁeclficity of Ihizshium in groundnut,

In general, a favourable response for all the plant
characters gudied was obtained when an isolate of Rhizohiunm
was used for inoculating itz own homologous host variety.
liowever, certain exceptions were alsd> observed. For example,
isolgate ﬂ1 produced significent increase in nodule dry welght
An varieties such as USA=123, Exotlc~6 and TiV=11 when compared
Lo Lts homologous host varlety TiV=12, A significant increase
in aitrogen content was also produced by this isolate in
USA«123. Similarly, isslates R,, R3 end Rh produced significant
increase in plant helght in varietles T¥V=12 and Ah=32,



Although during the present investigatlon, observations
on seven different plant characters were teken to study the
hostevarietal specificity of Ihizobium, 1t may be pointed out
that the efficiency of a legume~ihizobium syablotlc systen is
orimarlly reflected in the number of nodulas formed and the
resulting nitrogen content of the plants. Hence, for the
present gtudy alss attempt is made to interpret the hostevarietal

specificlty in terms of these two characters.

In the study on the response of individual isolate of
Rhizobiun to different varieties of groundnut, it was found
that all the isolates except R5 produced maximum number of
nodules in thelr respective hést varieties, liowever, a
corresponding high nitrogen content of plents was optained only
with three of the isolates, Ra. Rh and R., This indicates a
boneficlal assoclation as well as an arparent hqst-varietal
gpeclficlty of these isolates. This observ.tion is further
bu;portéd by the fact that the association of these rhizobia
with certéin other host varletlies reaulted in significant
reduction in nodule number gnd nitrogen content when compared
to their respective homaologous host varieties. Thus, isolate
RZ produced significanﬁly less number of nodules in all host
varieties other than USA-923. A corresponding decrease in
nitrogen content of plants was also observed except in the
case of varlety Gxotic=6. Isolate R, produced significantly

less number of nodules and nitrogen content in all varieties
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except, USA=123, Similarly 1solate H6 produced sigiflcantly
less nuaber of nodules and nitrogen content in vorieties

TiV=11 and Ah=32,

Hnwever, certazin 1301&593 ware algo found to produce
equally good results in some other varletles of groundnut,
Thus, the nitrogen content of variety Exotic=0 due to Léolate
R2 was statlistically on par with the nitragen content of
variety U3A«123, The number of nodules formed and nitrogen
content of variety USA«-123 was also statistically on par with
that of Spanish peanut, the homologius hogt=veriety of this
isolate, Similarly, the number of nodules produced by isolate
Re 1in USA<123 ond Spanish peanut, and nitrogen content of plants
in varieties TifV-12 and Cxntie-6 was statistically on par with
that of Alt-12=24, These observationa therefore indicate that
the hogstevarleihl specificity of rhizobla as seen here is not .
‘absolutes FMurther, 1%t appesrs that the benefits resulting
from thilis type of vurylng assoclation 13 mre a host determined
phensmensn. The behaviour of othsr isilabtes of rhizobia also
suppores this hyposthesis. Tha nitrogen content of plant varletie:
USA-123, Exotice6, Spanish peanut ang TiiVe11 was either
slgnificantly higher or statistlcally on por with TMV-12 daspite
the Fagt that isolate 31 did not produce any significant increase
in nodulesnumber in these varletles, Similérly. the number of
of nodule produced by isolate Ry 1n TiVe12 and THV-11 although
was statlstically on par wlth its host variety Exotic=6, the



nitrogah content of these plante was signiflicantly less. Such
variations can also be seen in the case of isolates R5 and R7.
Thus a glven strainlof Rhizobium eventhough competltive and
afficlent in nodule formation and nitrogen fixatisn in nﬁe
variety may not produce the same result in enother host varlety
wihich may have certain inherent physlological limitatlons to
favour the symblotic phenomenon, This will be a serisus
problem which brecders of new varieties of pulses will have to

takke into consideration,

Another agpect of the present investigation was to see
whether one cen select & rhizobial sirain wilch has an efficient
coapatibility with wore than one groundnut variety snd whether
one czn select a variety which can show a favoursble response
to ilnoculation with more than one rhizoblal strain, The isslates
Ra and R3 were found to be more compatible with differentuhost
varleties, when compared to zll other 1solates of rhlzobia in
terms of symblotic efficiency, Similarly, groundnut varieties

USA=123 and Exotic=5 showed the most favourable response to

inoculation with different isolates of rhizobia,

The last part of this study was mainly concerned with the
possible strain veriations, if any, between the seven isolates
of rhizobla, It was observaed that all the isolates had an
identical fast rate of growth and tolerunce to different levels
of pil betusen 5.0 and 9,0, In the case of antiblotic sensitivity

some difference betwaen the seven isolates of rhizobla was
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noticed, The isolates RE and RB were mre resistant to
streptonycin sulphate upto 250 Pg]ml while the rcmaining
1s0lates were mll sensitive to thia cancentraﬁion > the
antiblotice It 19 also interesting to note that the 1solates
R2 and R3 varse algo the most efficlent and compatible strains
when compared to all other isolates of rhizobia indicating a
certain degreze of correlation between resistance to this

antiblotic and symbiotic efficlency.

In the serological characterization, complete identiflication
of various isolates >f rhizobla was not done since serum for
only three isolates Ry, R; and Ry . could be prepared. Tube
agglutination studies showed that these isalétas ware distinct
from one another and alsd from the remaining isolates of
rhizobia except R1 winlch showed a positive agzlutination with
the antiserum for isolate R5. Regarding the agglutination of
isolate R1 with antlserum for RS' one may conclude that these
isolates are one and the same strains., But the appareant
difference 1in plant characters due to inoculation with these
isolates in varieties THV~12 and THV=11 indicate that they are
relatzed but not identical strains.
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APPENDIX 1

Pattern of nodulation in different varietics of
groundmat (Arschis bypogaea L.)

Analysis of varlance table

Source aft . Mean Square
Total 105 oe
Treatment 14 11023,3 *
Srror 91 43.81

- ® Significant at 5- per cent level
of significance



APFENDIX IX
Effect of differcnt rhizobiel isvlates on the nodulation, plent characters
and nitrogen contant of groundnut verieties.

/nalysis of variance table

Mean Square

Source af - - - - S
Nodule Nodule Hodule Plant flant dry £lant Nitrogsn
nunber frash ary fresh weight helght content
per plant waight wvalght vaight

Bg mg .4 g cm %

Total 16? - s e P sa .e ee e

Variety: 6 13824.53* 3781.03% 363.49% 8,13* 0.323% 694, 58% 0.97*

Rhizobiun 7 1326.60%  19552.57% 2247.97% 75.85*%  3,39% 520,99%  B.14%

Variety x

Rhizobjun 52 L55,72% 752,79* 91.11* 2.,99% 0.107% 54.10% 0.29%

Error 112 52.79 172. 79 17.56 0.42 0.065 30.87 0,005

® Signiflcant at 5 per ceat level of significaace.



AVPEHDIX IIX
ol tolerance of cifferent isvlatesz of Zhizobjum

iolyvsis of varianee takle

Isslate R1

Mean Square

Sourece, dag ——

- : 0 2h . 48 72
Total 10 -y s o .0
Treatment 4 0.000225 0.,0096% 0.0250%  9,0250*
Error 5 0,00074 0,00031 0.00195 0.00195

Isolate 33
o Mesn Square
Source ' 4f o= s e e s e
' : 0 24 . 48 72
Tbtal a 10 llo. Pe @ ae
Treatment &  0.00010 0,0046% D.000875% 0,000575%
Error 5 0.00034 0,00039 0.00018  0,00018

Lagolate Ra

Hean Square

Jpurce df

R e O

0 24 43 72

: Tﬂtai .50 T ee se . ea o

Treatment . 4. 0.00009 0.0119% 0.015% 0.015%

Ercror 5 O.QQOOB .Q.00011 000019 0,00019
Isolaﬁé H&
o Mesn Scuare
Source & Jdf O o e : ~
0. 24 43 72
Tbtal - 10 .;o ‘ ‘e o s

Treatnent 4 0.00004 0.0060% 0, 0063F 0.069%
5 0.00005 0.0001 0.00086 0.0008¢

Epror




Isolate R5 Isgolate 36

fiean Sguare Haen Square

Ssurce 4af - o o 2 0 e Source df  ~-- e -

0 . 2 48 72 o 24 48 72
Total 10 sa .e 3. s ) Tatal 10 s e e =
Tregtment &4 02.00005 0.005% 0,031*% 0. 031% Treatoent 4 0,000016 0,0078% 0,0316% 0,0316*
Eyrror 5 0,00004 0.0002 0.0004 0,03304 spror 5 000025 0.00215 0.00006 0000086

Ignlate R7
o Mean Square B
Source df - - - -

o 24 45 72

Total 10 Y .e se .e
Treatment 4 0.0003 0.005% 0.,0097* 0.0007*
zreor 5 0.0002 0330198 06200015 Q.000015

- -—

* 33mificant at 5 per cent level of zsignificance.



Sensitivity of different ispletes af rhizobia to

APPENDIX IV

the

antiblotic, streptomvclin sulphate

Analysis of vﬁrlance'ﬁable

Ianlate 31 Ianlate R2
Mean Square ifean Square
Ssurce ag - - Source df wew- -
0 24 L 72 ) 24 43 72
Total 7 ™ s s oe Total 7 .o .e .w oy
Treataent 3  0.0002 0.056° 0.139%  0.139*% Treatment 3 0.00004 0,006% 0.,0152% 0.0152%
Error 4 0.03014 0.0031 Q. 002 0.002 Error 4 0.00005° J.02006 0.00032 0£.00032
Izplate Ra Isolate R,
B Mean Square Megn Sqaure o
Source . 4f - e - Source df wecee- - o an
0 24 O3 72 0 24 445 72
Total 7 .s > - .e Total 7 q- . -.o *n P
Troatomant 3 Q.,00036 Q. 01353*= 0.0277% 0.0277% Treatoent 3 0., 000408 0.C238% 0.,2411% 0.,0411%
Epror 4 0D,00045 0.002 0.0010 0.0010 Brror 4 0,00035 0,00018 0.00052 0,00052

L L



Isolate R5 ) Isalate RG

Mean Square . ' Mean Square

Source ar - -—— Source ar -

0 2% 45 T2 0 24 48 72
Total 7 e e sw x® Total 7 T e .o e . ee
Ireatment 3 0.00009 0.0331* 0,020% 0,020% Treatoent 23 C.00005 0,020% 0.059*% (Q.053%

Error 4 0,00505 0.00018 0.,00017 ©.00017 Lrror 4 0.00002 0.0002 0.0009 0.0009

Isolate R7

Mean Square

Source -df - S
0 24 43 72
?Otal 7 e e e P
ireatment 3 0.00079 0.007* 0,028% g,02a8¢
Error 4 00,0003 0.0002 $.0002 00,0002

* Significant at 5 per cent level of significance,
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ABSTRACT

An invastigation was carried out at the College of
Agriculture, Vellayani, Kerala to atudy the hostevarietal
specificity, if any, for Rhizobium for nodulation in groundaut,
A total of £ifteen groundnut varieties were subjected to a
preliminary screening on the basis of the number of nodules
foraed and grrangad into five dlstiﬁct nodulation groups,

Seven varieties of groundnut TilVe12, USA=123, Exotice6, Spanish
Peanut, TMVe11, Ake12-24 and Ab-32 were selected from among

these groups for use in further studles.

Izslates of the root nodula bacterium from each of the
seven varietles of groundnut were identified as Rhizobium by
morphologicel and cultural characteristica. These rhizobial
i30lates glong with their host varieties were used in a pot
culture exgeriment to study their host-varietsl specificity,
Nodule nuaber, fresh end dry weight of nodules and plents,
plant helght and percentage nitrogen content were taken as
the importent parameters ?or studying the 2f{ficlency, In
general, a favourable response for all plant characters studied
was obtained in a variety due to inoculation with its respective
hoaologous isolate of Rhizobium, Exceptions to this ware alse
noticeda The isolates i, and R3 were found to be more compatible
with different host varieties in terms of symbiotic efficiency.
Sinilorly, the groundnut varieties USA«123 and Exotice6 showed
the wost favourable response t> fndculation with different
isolates of rilzobia,



The physiological studies with the rhizobial isolates
revealed that all of thes had an fdentisal fast rate of growth
and tolerance to different levels of pH betwesn 5.0 end 9,0,
Regarding the sensitivity of isolates to antidlotic, isolatas
R, and 8, were nore resistant to streptosycin upto a concentrat
of 250 'g/m) while the romaining isolates were all semsitive
ts this concentration of the antiblotic.

Serological studies on the antigenic relationship of
the 1s0lates, ravealed that ths isdlates R,. 35 and RB for
which antisera were prepared were antizenically distinot from
one another and also froa the remaining isolates exeept Ry,
The imsolate R1 ghowed a positive agzlutination with the antiser
gor R , iowever, the isoletes il and Rg produced differential
responds in varietles TV-12 and THV-11, indicating that they
are related but not identical atrains.





