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ABSTRACT
STUDIES ON ISOLATION AND CHARACTERIZATION OF Rhizobium
AND NODULATION PATTERN IN HORSEGRAM
By
RAVINDRA TATYARAM GAIKWAD
Post Graduate Imstitute,

Mahatma Phule Krishi Vidyapeeth,
Rahuri - 413 722

Research Guide : Dr. P.V. Wani
Department : Agricultural Microbiology

— ——

Six 1isolates of Rhizobium were obtained from
horsegram varieties and these were studied for various
morphological features. All the isolates were Gram negative,
non-acid fast, non-spore formers and rod shaped measuring 2.30
to 3.24 am in length and 0.63 to 0.96 am in width and were
encapsulated. Nodulation test for all the isolates using
Leonard jar assembly recorded abundant nodulation in horsegram
and confirmed that these isolates were of Rhizobium specific
for horsegram. A pot culture experiment in sterile soil was
conducted in a Pactorial Completely Randomized Design with
three replications. The 1inoculation treatments included
rhizobial isolates viz., RS-1, RS-2, RS-3, RS-4, RS-5 and RS-6
and uninoculated control. The horsegram varieties viz., Sina,
Man, TPK, HPK, Phule K-1 and K52 were used for the study. The
observations on seed germination, nodulation (number, colour
and dry weight) plant dry matter weight, N uptake and grain

vield were recorded.
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The results, in general, revealed that plants of
hofsegram varieties inoculated with different Rhizobium
isolates recorded significant improvement in nodule number,
nodule dry weight, plant dry matter weight, N uptake and grain
vield over uninoculated control indicating that these isolates
could effectively be used as inoculants for horsegram. There
was an increase in number of total nodules at 30, 60 and upto
90 days after sowing, while at harvest the total number of
pink and large sized nodules showed a decline. Rhizobium
inoculants recorded grain yield of 2.89 (RS-1) to 3.41 g (RS-
4) per plant as against 1.84 g per plant in wuninoculated
control. Amongst the Rhizobium isolates RS-4, RS-3 and RS-6
recorded significantly maximum improvement in production of
large size and pink nodules, nodule dry weight, plant dry
weight, N uptake and grain yield of horsegram varieties. Next
to these isolates, RS-2, RS-5 and RS-1 also recorded
significant improvement in nodulation, plant dry weight, N
uptake and grain yield of horsegram varieties over uninocu-
lated control. The results, in general, indicated that all the
rhizobial isolates could effectively nodulate and gave signi-
ficant increase in the yield of horsegram varieties over

uninoculated control.

The results also indicated that the horsegram
varieties responded differentially to inoculation with diff-

erent isolates of Rhizobium. Differences in germination
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percentage, production of large size and pink nodules, nodule
dry weight, plant dry weight, N uptake by plant and grain
vyield were recorded amongst all six varieties of horsegram.
All the varieties of horsegram viz., Sina, Man, TPK, HPK,
Phule K-1 and K8-2 showed improvement in plant dry weight, N
uptake and grain yield over uninoculated control. The response
of varieties to inoculation with Rhizobium seemed to be

genotype dependent.

The interactions of all the varieties with
rhizobial inoculants recorded increased plant dry matter
weight, N wuptake and grain yield as compared to all the

interaction of varieties with uninoculated control.

Considering all the traits studied in the present
investigation it appears that all the rhizobial isolates could
effectively nodulate and increase N uptake, dry matter weight

and grain yield of horsegram varieties.
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and Madhya Pradesh. It occupies an area of about 2 million
hectares and the annual production is about 8 1lakh tonnes.
It's mainly cultivated as feed and fodder for cattle. its
consumption in North India is almost negligible. Kulthi can be
cultivated on a wide range of soils except highly alkaline
soils. It can be raised as a dry crop under 1low rainfall
conditions. In Karnataka and Andhra Pradesh, it is sown in
July and harvested in October. It is cultivated as a pure crop

or mixed crop with jowar, bajra, arhar, niger etc.

In Maharashtra research on this crop is almost
neglected. Inoculation of the seeds of pulses with an
effective Rhizobium strain before sowing has become one of the
important packages of practices in pulse crop production.
Host-Rhizobium interaction is one of the most important
factors in the success of symbiotic relationship. This aspect

is receiving more and more attention now-a-days.

It has been proved beyond doubt that Rhizobium seed
inoculation to seeds of leguminous crops enhance the yield by
15 to 20 per cent increase over the uninoculated control
plants and also enhances the protein content of grain through

the symbiotic nitrogen fixation by the rhizobia.

Thus the role of Rhizobium in improving the vyield
of leguminous crops and enriching the soil fertility has been

well established. There is very little work carried out on



horsegram-Rhizobium symbiosis. The present investigation was,

therefore, planned with the following objectives :

1. To isolate and characterize Rhizobium from different

cultivars of horse gram.

2. To see the nodulation of different promising cultivars of

horse gram using effective isolates in vitro and in vivo.
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2. REVIEW OF LITERATURE

Inoculation of Rhizobium to 1legume seeds is
reported to increase nodulation, dry matter and grain yield
and nitrogen uptake in various legume crops and now a days it
is a general practice followed. The work on Rhizobium
isolation and inoculation in horse gram is scanty. Therefore,
in this chapter attempt is made to review the research work
done on Rhizobium inoculation on growth, nodulation, nutrient
uptake and yields of various legume crops.

2.1 Rffect of Rhizobium inoculation on nodulation pattern
and nodule dry weight

The importance of inoculation of legumes with
cultures of root nodule bacteria was recognised in early zoth
century (Thornton, 1929) and since then the practice has been
followed more extensively. It has become evident that all the

strains or isolates of any species of the Rhizobium are not

alike in their ability to benefit the host plant.

Stevans (1925) observed that the strains when used
for inoculation of seeds of different varieties of same host

varied in their efficiency.

Pohlman et al. (1929) tested 12 strains of Rhizobium
japonicum of six varieties of soyabean and found that some
strains gave good nodulation, some gave poor nodulation and
one strain completely failed to nodulate any of the six

varieties.



Allen and Allen (1939) observed variation in
effectiveness of rhizobia on different plants belonging to

cowpea group.

Linta (1963) reported that active strains of
rhizobia not only produced greater number of nodules of larger
size and fixed higher amount of nitrogen than less active
strain did, but also proportionately enhanced the protein

contents.

3 Jensen (1964) observed the host specificity of
Rhizobium melioti, R. trifoli and R. leguminosarum. He
suggested that ability of host to nodulate normal host plant
may affect ecological factors in maintaining their survival in

soil where, these host plant do not grow.

Visuttipitakul (1970) reported that inoculation
produced a greater number of nodules (115 and 444 nodules per
plant) at Goth and 120th days than inoculation with the
locally produced inoculant (44.3% at the harvest, 20 to 29
nodules per plant at soth and 120th days). The local inocu-

lant showed no beneficial effect as compared with the control.

Chomchalow (1970) reported that Rhizobium inocu-
lation significantly increased the dry matter vyield, plant
height, number of nodules and N uptake after 3, 6, 9 and 12

weeks of growth in pea nut.



Balasundaram et al. (1972) tested eight isolates of
Bénggonicgm with six varieties of soyabean for their ability
to nodulate and increase in the dry matter vyield. They
reported that the isolates differed in their performance with

different varieties.

Prasad (1972) studied the biology of root nodule of

Phaseolus mungo and Phaseolus aureus and described that the

first sign of nodulation was observed on second day of
seedling emergence. The maximum nodulation was observed at
flowering stage and suggest best period of nitrogen fixation.

The degeneration of root nodule were observed after flowering.

Morales and Graham (1973) reported that Phaseolus

vulgaris, Stylosanthes guyanansis, Vigna sinensis and Leucaena

leucocephala responded significantly to inoculation. Nodula-

tion d4id not occur in plants grown from uninoculated seeds and
their survival was very low which indicated that Leucaena

needed inoculation.

X Iswaran and Adwjar (1974) observed that the
inoculation of Rhizobium leguminosarum to pea crop signi-

ficantly increased nodule yield over uninoculated control.

Rao (1981) studied the effect of rhizobial
inoculation on groundnut cultivar TMV-2 and reported that the
seed inoculation of groundnut was an economic method of

increasing nodulation and production.
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Patil and Moniz (1974) studied the differential
response of five varieties of gram viz., N-31, N-59, Chaffa,
Early Gulab and Local against the efficient Rhizobium culture
and reported that in general, inoculation of gram gave good

nodulation and high dry matter production.

Chowdhary et al. (1974) observed that the root
dry weight and number of nodules per plant of lentil increased

due to inoculation of Rhizobium culture.

Dart et al. (1975) studied the effectiveness of
fourteen Rhizobium isolates from cowpea under glass house
conditions. After the eight week of growth, there were
differences 1in nodulation and plant dry matter production
between strains. There was good correlation between nodule
tissue production and plant growth. There were differences in
response of the different hosts (cowpea, sirato, pigeonpea and
pueraric) to various strains. Thus, the strain very effective
on cowpea may be only moderately effective with pigeonpea. Two

or three strains performed well on all the hosts.

Kumar Rao and Dart (1975) tested 260 strains of
Rhizobium of pigeonpea. Thirteen strains were very effective
on pigeonpea. However, only four strains gave a significant

response to inoculation in field trial for nodulation.

Singh (1977) reported that the inoculated plants of

mung (Vigna radiata) nodulated profusely during normal period



of branching and flower primordial initiation. The yield
contributing characters have been increased 51 per cent due to

inoculation over control.

‘/gapat et al. (1977) reported the response of Bengal
gram genotypes to Rhizobium inoculation and reported that they
did not observe differences in nodule number and their weight.
Nodulation study made at flowering stage gave significant
correlation between nodule and shoot weight and also nodule

number and shoot weight.

Gangawane and Datar (1977) inoculated seeds of
lucerne, groundnut, cowpea, kulthi (Macrotyloma uniflorum) and
bengal gram (C. arietinum) with mixture of 7 rhizobial strains
or by individual strain including three lucerne strains and
found that, inoculation increased nodulation, plant dry matter
and nitrogen content in all treatments except composite

inoculum on cowpea.

Pawar and Ghulghule (1977) reported that Rhizobium
inoculation increased the nodulation, 'N' content of shoot and

root, dry matter weight of root and shoot of mung.

Pawar et al. (1977) reported more dry weight of
nodules 1in inoculated plants than in the uninoculated plants

of two varieties of cowpea.

Bagyaraj and Hegde (1978) also reportead that



inoculated of cowpea seeds with Rhigobium resulted in
increased nodulation over control. No correlation between the

number of nodules per plant and grain yield could be observed.

Khurana et al. (1978) observed direct correlation
between nodule dry weigh and N content while, other correla-
tions were non-significant. The increased nodulation
ultimately helped in improving soil fertility by fixing more

amount of atmospheric nitrogen in cluster bean.

Islam (1979) studied the differential response of
two chickpea cultivars with eight Rhizobium strains and
reported increased number of nodules per plant from 1 to 18
except the two strains UNR-1 and IC-13 which produced only
three nodules per plant. inoculation of seed of cultivar
Syrian Local with Rhizobium strain CC-1192 and cultivar NCE-

2304 with strain IC-20 gave the highest nodule weight.

6E> Kenjale (1979) found that inoculation of seeds with
Rhizobium culture resulted into increased nodulation count,
nodule dry matter weight over uninoculated control in 15

varieties of gram (C. arietinum L.).

Idris and Sandhu (1979) observed that significant
increase in the number of nodules per plant and fresh nodule
weight by inoculation of mung with Rhizobium over uninoculated

control.
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Koteswara Rao (1979) studied the effect of Rhizobium
inoculation under graded levels of phosphorus application on
nodulation in groundnut variety Asyria and observed signi-
ficant increase in the nodule number on tap root at all the

stages of crop growth except at 60th days.

Reddy and Tanner (1980) reported that the rhizobial

inoculant application increased nodulation in groundnut.

Balasubramanian et al. (1980) studied the field
performance of the rhizobial inoculants viz., GG-2, GM-BS-1,
BM-BS-P-47 and an equal mixture of these strains (multistrain
inoculant) in green gram at Coimbatore and Kaveri Pattiwar
under rainfed condition and Bhavanisagar under irrigated
condition. The nodulation, yield and nitrogen assimilation
responses of green gram were observed. At all three 1locations
the multistrain rhizobial inoculants performed better with
significance. They produce more number of nodules per plant
than the uninoculated control and the single strain rhizobial

inoculants.

Patil and Shinde (1980) reported that inoculation
of gram with Rhizobium resulted in increased nodulation, more
nodule dry weight in all the varieties over uninoculated

control.

<§§>Vbra and Desai (1980) conducted a field experiment

by inoculating three Rhizobium cultures to four chickpea
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cultivars at Dohad in Gujarat State and fond that inoculation
with strain P-75 was the most effective in increasing
nodulation in cultivar BG-203, Chaffa and Dohad yellow,
followed inoculation with strain H-45 in cultivar N-208.
Inoculation with strain H-45 was slightly superior to

inoculation with strain P-75 for yield but not for nodulation.

Leonard (1980) reported that the effective strains
produced very few but 1arge/nodules which were usually located
on the upper part of root system whereas ineffective strains
produced numerous small nodules widely distributed all over

the root system.

Basak and Goyal (1980) reported that the
inoculation of Vigna radiata and V. mundgo seeds with Rhizobium
strain from some tree legumes increased the nodulation and
seed yield compared with inoculation with the specific

Rhizobium strains and uninoculated control.

Bhore et al. (1980) reported that the nodulation of
french bean was increased due to Rhizobium inoculation. The
improved varieties "Contender"™ and "Pusa Parvati" responded

better than local Waghvya.

El-Said et al. (1981) reported that the inoculation
with Rhizobium sp. increased the nodule number, dry weight of

plant and "N" percentage in pea plants.
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@ Ghag (1981) found that inoculation of seeds with
Rhizobium culture resulted into increased nodulation count,
nodule dry matter weight over uninoculated control in 5

promising varieties of gram (L. arietinum).

Singaravadivel and Prasad (1981) conducted pot
trial and field experiment on groundnut inoculated with
Rhizobium and observed that the nodule number and total N
content were upto double that of the untreated control both in

pot and field trial.

<§§ Khating and Ghonsikar (1981) studied the inocula-
tion of gram with five Rhizobium strains and reported that
nodulation was the greatest with strain Ca-7 while, seed yield

and N-uptake were highest with strain PBN.

@McNeil et al. (1981) reported that seed inoculation

markedly increased the nodulation of plants of chickpea

cultivar Burpee-5024 at 65 days after sowing in Hawai.

1§§ Singh and Misra (1981) conducted a field experiment
by inoculating four Rhizobium strains with three varieties of
gram and concluded that seed inoculation with strain F-75
significantly increased the number and weight of nodules per
plant compared to inoculation with three other strains. The
number and weight of nodule per plant of cultivar T-3 were
higher than those of two other cultivars but the vyield

differences were not significant.
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More et al. (1981) conducted a field experiment to
study the effect of different commercial inoculants of
Rhizobium under different levels of nitrogen on nodulation in
groundnut. They observed a beneficial effect of seed inocula-
tion with Rhizobium over the uninoculated control in respect

of dry weight of nodules and nitrogen content in root and shoot.

G%) Raut and Ghonsikar (1982) reported that seed inocu-
lation with Rhizobium strain No. 24 increased the nodulation
of four chickpea cultivars. Interaction between cultivar and
inoculation wés not significant. He also reported 30 per cent
increase in nodule number and 65 per cent increased in fresh
nodule weight and 22 per cent total N in grain due to

Rhizobium inoculation.

Venkateswarulu et al. (1982) evaluated the
symbiotic performance of four rhizobial strains on guar (FS-
277, Durgapur Safed, B-19-1-55 and HFG-182) in sandy loam soil
and observed increase in nodulation, dry matter production and
nitrogenous activity. The number of nodules per plants varied
between 30.4 and 32.9, nodule dry weight between 40.2 and 44.4

mg and dry weight of plant tops between 1.7 and 1.8 g.

- Dahiya et al. (1983) reported that seed inoculation
of pigeonpea with Rhizobium strain showed that the highest
increase 1in nodule number, dry weight of nodule and nitrogen

content of the plant.
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Vaishya et al. (1983) reported that seed inocu-
lation with Rhizobium strain H1 significantly increased the

number and weight of nodules in mung bean.

Vidaysurian et al. (1983) studied the response of
mung bean (Vigna mungo L. Heppar) to fertilizer application
and rhizobial inoculation and reported that nodulation was
maximum and significantly higher with rhizobial inoculation

and basal phosphate application.

Kremor and Peterson (1983) suggested that the
grain-legume production and dinitrogen fixation was increased
due to inoculation of Rhizobium, when the nodulation, plant
growth and vyield were determined. It showed that improved
inoculant produce high number of nodules at flowering and

increased yields and N-fixation of bean and cowpea.

Prasad and Ram (1984) reported in a field trial
with three V. radiata cultivars and found that seed inocula-
tion with Rhizobium phaseoli strains increased nodulation due

to inoculation.

Raju and Verma (1984) studied the response of green
grown (V. radiata) to rhizobial inoculation in relation to
fertilizer nitrogen and reported that seed inoculation and or
application of 15-60 kg N/ha significantly increased the

nodulation in V. radiata.
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Kulkarni et al. (1984) conducted field experiment

during rainy season of 1981 was reported that inoculation of
Robut-331 cultivar of groundnut with NC-92 Rhizobium resulted

in an increase in nodulation.

Sawashe and Patil (1984) inoculated chickpea
cultivar Chaffa with 7 strains of Rhizobium and found that
there was increase in nodule number and dry weight of nodule

when inoculated with strain 5, 6 and 7.

<§b Mane (1985) found that inoculation of seed with
Rhizobium culture resulted into increased nodule number,
nodule dry weight over uninoculated control in all the

varieties of gram (C. arietinum L.) under trial.

Zga Giller et al. (1985) conducted an experiment with
ineffective Rhizobium strain IC-2094 and two chickpea varie-
ties viz., K-850 and G-130. They observed that strain IC-2094
produced double the number of nodules on variety K-850 than

the variety G-130.

Hungria and Neves (1986) conducted an experiment
and studied the interaction of Rhizobium phaseoli and french
bean (P. vulgaris L.). He reported that the dry weight and
total N content of leaves, stem, pods and nodule efficiency

was increased.

655 Tellawi et al. (1986) inoculated chickpea genotypes

with 3 different Rhizobium strains and observed significant

increase in nodulation and N-uptake.
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Basu et al. (1989) showed that seed inoculation of
mung bean with Rhizobjum strain JCa-1 and M-10, increased

nodulation over uninoculated control.

Bhuiya et al. (1989) conducted a field trial with
six rhizobial strains on T-9 variety of black gram and
reported the significant beneficial effect on nodulation. The
strain BAU-510 appeared to be the best in respect of all the

parameters studied.

Namdeo et al. (1989) reported that inoculation of
gram with Rhizobium strain increased the number and dry weight

of nodules per plant.

Sairam et al. (1989) reported that phosphorus
application at the rate of 90 kg/ha and inoculation with
Rhizobium culture resulted in improvement in nodulation and
physiological activity of nodules in cowpea as indicated by
increase in leghaemoglobin content, nitrogen fixation and
total nitrogen uptake plus increase in available soil nitrogen

and total dry matter production.

Gandhi and Godbole (1990) studied the effect of 17
fast growing rhizobial strains (isolated from wild legumes) on
a cultivated legumes V. ungquiculata. The nitrogenase activity
and the statistical analysis of pooled data of the experiment
revealed that all fast growing rhizobial strains effectively
nodulated V. unguiculata and gave significant increase in

vield over uninoculated control.
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Namdeo and Gupta (1990) conducted a field experi-
ment with 8 authentic Rhizobium strains and JA-3 variety of
pigeonpeé. The inoculation with all the 8 Rhizobium strains
resulted in a significantly higher nodule number per plant (2
to 3 fold) than the uninoculated control. The strain IC-3195
and CT-2014, however, performed better than others. All the
eight Rhizobium strains produced a significantly higher nodule
dry weight per plant. Nodule number and nodule dry weight

exhibited a positive correlation with grain yield.

Nagre et al. (1991) studied the effect of Rhizobium
inoculation with nitrogen application on nodulation of ground
nut and soyabean. At every stage of recording, ground nut had
significantly more number of nodules than soyabean. In both
the crops nodules were more at 60 days than at 30 or 90 days.
In groundnut nodules at 30 days were 80 nodules per plant,
which increased to 294 per plant at 90 days. Similarly, in
soyabean nodules at 30 days were 24 per plant which increased
to 41 at 60 days and reduced to 35 per plant at 90 days. Like
nodule number, nodule dry weight per plant in groundnut was
significantly more than soyabean at 30, 60 and 90 days of

recording.

Prabhakammand Rangarajan (1992) studied the effect
of rhizobial inoculation on nodulation, nitrogen fixation and
vield of lablab. The rhizobial seed bacterization was found to

enhance nodulation, nitrogen fixation and grain yield of
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Phaseolus vulgaris cultivars over their controls. Among the
cultivars of lablab CO-9 has recorded better nodulation and
grain yield (556.9 per cent) followed by CO-8 cultivars. The
interaction between lablab cultivars and rhizobial seed
inoculation on nodulation, nitrogen fixation and grain yield
at harvest were found significant. However, maximum nodulation
was recorded by CO-9 cultivar with RvRp-2 inoculation which

recorded 22 nodules per plant.

Tippannavar and Desai (1992) studied the effect of
Rhizobium inoculation with cultural practices on Bengal gram
production, the data indicated that the number of nodules were
maximum in inoculated plants supplied with FYM followed by

inoculation with green manure.

Prabhakaran and Srinivasan (1993) conducted a field
experiment on performance of horse gram cultivars to rhizobial
seed inoculation in acid soils. The cultivars Co-1 and
Herbbal-1 were inoculated with three slow growing rhizobial
strains VPR-1, VHG-1 and VBS-1 with and without N and they
observed that the seed inoculation with rhizobial strain on
the cultivar of horse gram recorded significantly an increased
plant growth, nodulation and nodule dry weight at 30 and 45

DAS over uninoculated control.

Shaheen and Rahmatullah (1994) in laboratory experi-

ment on groundnut cultivars Banki and ICGS-44, inoculated soil
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with Rhizobium strain NC-92 or Ruddy Patric and they found
that nodulation did not occur without inoculation. The Ruddy
Patric strain significantly increased nodule number and weight

compared with NC-92.

Wange and Patil (1996) conducted a field experiment
to evolve best cultivar X rhizobial strain combination in
respect of nodulation, vegetative growth and yield of tur crop
over recommended dose of fertilizer nitrogen. Among the
interactions V, X R; recorded significantly higher number of
nodules (20 per plant) and dry weight of nodule (23 mg/plant).
The nodule dry weight was significantly increased by strain R1
(19.9 mg/plant) and cultivar PT-14 (15.5 kg/plant). The
results clearly indicated that rhizobial strains R; and R4
performed significantly well in improving nodulation over

uninoculated control.

Surendragopal and Shivappashetty (1996) isolated
the Rhizobium isolates from root nodules of Segsbania

grandiflora (L.) grown in different soil samples. In Leonard

jar experiment, the plants inoculated with the isolate 8G-5
gave maximum dry weight (1 g/plant), number of nodule (47 per
plant) and total nitrogen content (51.80 mg/plant). Similarly
pot culture experiment also revealed that plant inoculated
with 8G-5 isolate gave maximum dry weight (1.51 g/plant) and

total nitrogen content (43.34 mg/plant).
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2.2 Effect of Rhizobium inoculation on dry matter weight
and seed yvield of plants

Hoffer (1949) reported 40 per cent enhanced vyield

of pea due to Rhizobium inoculation.

Yadav et al. (1967) observed that the per hectare
production of green pods increased due to rhizobium inocula-
tion over control in french bean. Yield was increased due to

inoculation ranging from 2.00 to 32.2 per cent.

Hulmani et al. (1968) reported that the inoculation
with Rhizobium culture increased the yield of garden pea

(Pisum sativum L.) by 22.74 per cent over control.

Rewari et al. (1973) reported that the yield of
soyabean crop was increased due to the inoculation of

Rhizobium culture.

Richter (1974) conducted a pot culture trial to
study the effect of nodulation in pea and reported that there
was a highly significant positive correlation between the
number of nodules and the total plant dry matter yield.

(?E) Patil and Moniz (1974) reported that the seed of

-
five cultivar of groundnut (Arachis h o‘é ) and gram (Cicer

arietinum) when inoculated with Rhizobium strains isolated

from Cicer arietinum (cultivar N-59) produced profuse nodules

in cultivar N-31 and N-59. They further stated that plant dry
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matter weight and nitrogen recovery were greater in N-31 than
in the other cultivars tested. He also studied the differ-
ential response of five varieties of gram against the
efficient Rhizobium culture and reported 63.8 to 134 per cent

increase in yield over control.

Bajpai et al. (1974) showed that the use of

Rhizobium gave yield increase in crops of berseem, lobia (V.

radiata) and groundnut of 74, 46 and 21 per cent, respectively.

Chowdhary et al. (1974) reported that Rhizobium

strain significantly increased yield of gram, pea and soyabean.

Habish et al. (1974) reported that the inoculation
of haricot bean with local strain of Rhizobium significantly

increased seed yield ranging from 20-45 per cent.

ii) Patil and Medhane (1974) recorded the inoculation
with different strains of Rhizobium to gram increased the

grain yield significantly.

Obliswami et al. (1976) reported that either

individual or combination of strains gave better nodulation,

dry matter and grain yield of black gram and green gram.

Agnihothrudu and Tripathi (1976) studied the effect
of seed inoculation with Rhizobium on the yield of groundnut
and bengal gram. Due to uninoculation, the increase in vyield

over the control was 10-57 per cent. All the treated plots
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recorded higher yield than control plots. However, a variation
was noted in yield from place to place which could be due to

several factors like soil, climate and cultural practices.

Raju and Samuel (1976) reported that inoculation of
gram except I.A.R.I culture gave good yield i.e. 63.8 to 134

per cent increase in yield over uninoculated control

Pawar and Ghulghule (1977) reported that inoculation
increased the dry matter weight of root and shoot portion in

mung.

Bapat et al. (1977) reported that the response of
bengal gram genotypes to Rhizobium inoculation, in which
significant increase in the seed yield was obtained. The yield
responses to inoculation were ranging from negative to

positive response upto 74 per cent.

G?D Rai et al. (1977) reported that inoculation of C.
arietinum seeds with 8 Rhizobium strains increased seed yields
by 13.9 to 39.8 per cent. Strain GF-9 gave the highest vyield

following by strain GF-2, GF-6, GF-7 and GF-8,.

Kenjale (1979) in a field experiment observed that
inoculation of Rhizobium to gram increased the dry matter
weight of shoot and root per plant in different varieties at
different stages and the results were found to be statistically

significant.
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Idris and Sandhu (1979) reported that Rhizobium
inoculation increased dry matter weight of shoot and root per
plant of mung by 15.3 to 71.3 per cent and 13 to 42 per cent,

respectively.

Islam (1979) studied the differential respomse of
two chickpea cultivars with 8 Rhizobium strains and reported
that seed vyield increased from 1.25 to 1.51 ¢t/ha in Syrin
Local with inoculation with strain IC-26 and from 1.42 to 1.80

t/ha in NCFP-2304 with strain Ca-7.

Rai and Singh (1979) studied the inoculation of
chickpea cultivar C-235 with 9 strains of Rhizobium sp. and
reported that there was no significant correlation between
seed yield, number of nodules and dry weight of nodules, but
vield was significantly correlated with leghaemoglobin content
of nodules. Strain KG-38 gave significantly higher seed yield

than the other strains.

Patil and Shinde (1980) in a field experiment
observed that inoculation with Rhizobium to 6 chickpea
cultivars increased the seed yield by 45 to 63 per cent, the

response varied in different cultivars.

Vora and Desai (1980) conducted a field experiment
by inoculating three Rhizobium cultures to four chickpea
cultivars and found that inoculation with strain F-75 wag the

most effective in increasing the seed vyield in cultivar



24

BG-203, chaffa and Dohad Yellow, followed by inoculation with
strains H-45 in cultivar H-208. Inoculation with strain H-45
was slightly superior to inoculation with strain P-75 for

vield but not for nodulation.

Barthakur (1980) reported 10 per cent increase 1in
grain yield of soyabean with an application of Rhizobium

culture.

McNeil et al. (1981) reported that seed inoculation
markedly increased total dry weight of plants of chickpea

cultivar Burpee-5024 at 65 days after sowing.

Bagchi et al. (1981) studied the effect of
Rhizobium inoculation on a fodder variety of cowpea, T-2 and
found that, there was significant increase in dry yield due to

inoculation over control.

(59 Khating and Ghonsikar (1981) reported that seed
inoculation of gram seed with 5 Rhizobium strains, resulted in

highest seed yield with strain PBN than the other strains.

Raut and Ghonsikar (1982) reported that seed
inoculation with Rhizobium strain No. 24 increased the seed
vield of four chickpea cultivars. Interaction between cultivar

and inoculation was not significant.

Nagre (1982) reported that seed inoculation or

application of 10 or 20 kg N per hectare produced similar
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significant increase in seed yields of both green gram (Vigna
radiata) and black gram (Vigna mungo). There was no signi-

ficant differences between the two levels of N applied.

Raut and Ghonsikar (1983) reported that seed
inoculation with Rhizobium gave significant increase over the
control for grain yield per plant in pigeonpea. The inter-
action between cultivars and inoculation for grain yield was

non-significant.

@Natarajan and Prabhakaran (1983) conducted a field
experiment with two cultivars of chickpea and three single
strains of rhizobial inoculants to identify a best cultivar
and Rhizobium strain combination. CO-1 cultivar showed better
response to inoculation than the cultivar G-62-404. Inocula-
tion with I.A.R.I. strain resulted in more nodulation in both
the cultivars but its effect on dry weight and seed yield was
not better than the other strains. Inoculation with TNAU-I
strain gave higher vyield than the other strains in CCO0-1

cultivar.

Vaishya et al. (1983) conducted an experiment to
study the effect of Rhizobium inoculation with strain Ml on
nodulation and grain yield of 12 cultivars of mungbean. The

statistical analysis of pooled data of the ey¥marimant revealed
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with Pusa Baisakhi to 168.21 per cent with J-10 with a mean
value of 48.28 per cent than the control. No significant

interaction was observed with respect of grain yield.

Gupta and Bajpali (1984) observed that seed yield of
pigeonpea was increased significantly by seed inoculation with

Rhizobium strain KA-1.

Prasad and Ram (1984) reported increase in seed
yield and plant dry weight due to rhizobial inoculation, in a
field trial with 3 Vigna radiata cultivars and seed inocula-
tion with Rhizobium phaseoli strain. Plant dry weight

correlation with nodulation and nodule leghaemoglobin content.

V/%riner et al. (1985) conducted a pot trial with 5
strains of Rhizobium sp. and 4 chickpea cultivars and reported
that seed inoculation with strains 395, 300 and 398 increased

dry matter of stem, leaves, roots and nodules.

Thakur and Nagi (1985) reported during their field
experiment that dry matter yield of black gram was increased

due to rhizobial inoculation.

Pahuwa (1986) carried out studies on the response
of cowpea to different levels of phosphate inoculation with
Rhizobium and reported that inoculation alone increased dry

matter yield of cowpea.
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Churi and Nadar (1986) reported that Phaseolus
vulgaris inoculated with Rhizobium strain No. 405 increased
the dry weight of shoot, pod weight, total dry matter and

grain yvield.

Srivastava and Varme (1986) conducted field experi-
ment at the Ranchi Agricultural College Farm during Kharif
1974-80 and 1980-81 and results revealed that Rhizobium
inoculation alone or in combination with nitrogen significant-

ly increased the grain yield.

Bhuiya et al. (1989) conducted a field trial with
six rhizobial strains viz., BAU-501, BAU-502, BAU-504, BAU-5,
BAU-511, BAU-512 on T-9 variety of black gram and reported the
significant beneficial effect on total dry matter weight of
plants and grain yield. The strain BAU-510 appeared to be the

best in respect of all the parameters studied.

Joshi et al. (1989) found that Rhizobium inocula-
tion significantly increased the yield of groundnut by 14.4
per cent and of soyabean by 10.69 per cent over uninoculated
control. The increase in yield was due to favourable effect of

Rhizobium on pod number and test weight.

Basu et al. (1989) showed that the seed inoculation
of mungbean with Rhizobium strain JCA-1 and M-10 increased the
seed yYyield and gave seed yield of 0.92 and 0.87 t/ha over

uninoculated.
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@ Namdeo et al. (1989) reported that inoculation of
gram with Rhizobium strain, increased the seed yield by 22.4

to 37.8 per cent over uninoculated control.

Gandhi and Godbole (1990) studied the effect of 17
fast growing rhizobial strains {(isolated from wild legumes) on
a cultivated legume Vigna unguiculata. The nitrogenase
activity and the statistical analysis of the pooled data of
the experiment revealed that all fast growing rhizobial
strains effectively gave significant increase in yield over

uninoculated control.

Namdeo and Gupta (1990) conducted a field experi-
ment with 8 authentic Rhizobium strains and seeds of pigeonpea
variety JA-3. The seeds were treated with Rhizobium strains
Inoculation resulted in a significant increase (19.20 to
32.08%) in grain yield. Strain (T-2014, IC-3195 and 1IC-3100)
produced higher grain yield than the other but all the strains
were at par among themselves. On an average the yield
increased from 26.3 to 32.1 per cent due to inoculation with

these strains.

Daterao et al. (1990) studied the effect of
Rhizobium seed inoculation of green gram with and without
molybdenum on grain yield and nitrogen status of soil. They
observed that yield of greengram (variety Kopergaon) increased

significantly with Rhizobium inoculation over uninoculated.

The increase was 0.89 gq/ha over the untreated control.
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V/Tippannavar and Desai (1992) found that the dry
matter production was maximum in rhizobial inoculation with

nitrogen and phosphorus nutrition in bengal gram.

Prabhakaran and Rangarajan (1992) recorded that
rhizobial seed bacterization was found to enhance grain yield
of Phaseolus vulgaris cultivars over their controls. Among the
cultivars of 1lablab C€CO0-9 has recorded better grain yield
(555.9%8) followed by CO-8 cultivar. The interaction between
lablab cultivars and rhizobial seed inoculation on grain yield

at harvest were found significant.

Prabhakaran and 8rinivasan (1993) conducted an
experiment with horsegram cultivars viz., CO-1 and Hebbal-1
which were inoculated with three slow growing rhizobial
strains VPR-1, VHG-1 and VBS-1 with and without nitrogen
control. They observed that rhizobial seed inoculation
increased the yield to an extent of 9.5 to 19.1 per cent in
CO~1 whereas, in Hebbal-1l it ranged from 14.9 to 20.3 per cent
over control. In case of Hebbal-1 the variable grain Yiel& was
found significant. In both cultivars, inoculation with VPR-1

gave highest seed yield which were greater than with nitrogen.

(§§ Kumpawat and Manohar (1994) conducted a field trial
at Jobner, Rajasthan. Gram (C. arietinum) seeds were inocu-
lated with Rhizobium or not inoculated and given 0 or 30 kg

P205 and 20 kg each of zing sulphate or ferrous sulfate or 1 kg
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ammonium molybdate. Seed yield was increased by seed inoculation

(1.05 Vs. 0.85 t/ha) and P application (1.12 Vs. 0.79 t/ha).

@b Tomar and Raghu (1995) reported that seed inocula-
tion with Rhizobium increased the seed yield of chickpea
cultivar JG-315 compared with no inoculation (1.11 Vs. 0.86
t). This increase in yield was similar to uninoculated

plants given 20 kg N/ha (1.15 t).

Prabhakaran et al. (1996) found that seed bacteri-
zation of Rhizobium with soil incorporation of amendents and
their combinations in acid soil significantly enhanced the pod

yield of red gram over control. Seed inoculation alone

recorded 47.6 per cent enhanced grain yield over control.

Wange and Patil (1996) observed that inoculation
with Rhizobium strain Ry gave significantly more grain vyield
(1075 kg/ha) of tur. The interaction V, X R; recorded maximum
grain yield (1277 kg/ha). The results clearly indicate that
rhizobial strains R, and Ry performed significantly well in
improving the grain yield of tur crop in field condition over
uninoculated control.

2.3 Effect of seed inoculation with Rhizobium on nitrogen
content/N-uptake of plants

Sankaram et al. (1960) undertook studies on the
selection of efficient strains of sun hemp, mung and found
that all the strains employed were efficient imn nitrogen

fixation with their respective hosts.
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Ramaswami and Nair (1965) isolated effective
strains of Rhizobium from the nodules of red gram, green gram,
cowpea, black gram and horse gram. The seeds were inoculated
with the strains from respective plants and sown in the field.
After 45 days, they showed that in case of red gram, cow pea
and horse gram, there was a significant increase in the
nitrogen content of the plants due to seed inoculation with

Rhizobium.

Iswaran et al. (1969) reported that legumes respond
to application of P and most often to inoculation with culturg
of respective Rhizobium species. In pot culture experiment,
cowpea, urid and mung when treated with Rhizobium, induced the
higher yield of dry matter and total uptake of phosphorus from

the soil.

Chomchalow (1970) reported that Rhizobium inocula-
tion significantly increased the dry matter yield, plant
height, number of nodules and N-uptake after 3, 6, 9 and 12

weeks of growth in peanut.

Habish et al. (1974) reported the inoculating

effect of Rhizobium on haricot bean. Local strain of Rhizobium

significantly increased nitrogen content of plants.

Gangawane and Datar (1977) conducted an experiment
to study the efficacy of individual and composite rhizobial

inoculation on the nodulation of sown legume crop. They used
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seven rhizobial straings and legume crops viz., lucerne,
groundnut and cowpea. The Rhizobium inoculation indicate that
both the individual and composite inoculants increased

nitrogen content in all the legumes tested except in cowpea.

Pawar and Ghulghule (1977) reported that Rhizobium

inoculation increased the N content of root and shoot in mung.

Idris and Sandhu (1979) reported that Rhizobium
inoculation increased the Nz fixing efficiency of mung plant

by 31.6 to 141 per cent.

Shinde (1979) inoculated black gram with Rhizobium
inoculant and found increased in nitrogen content in plant

over uninoculated control.

Reddy and Tanner (1980) reported that the rhizobial

inoculant application increased N fixation in groundnut.

More et al. (1981) conducted a field experiment to
study the effect of different commercial inoculants of
Rhizobium under different levels of nitrogen on nodulation in
groundnut. They observed a beneficial effect of seed inocula-
tion with Rhizobium over the uninoculated control in respect

of nitrogen content in both root and shoot.

Singaravadivel and Prasad (1981) conducted a pot
trial and field experiment on groundnut, inoculated with
Rhizobium and observed that total N content were upto double

that of the untreated control, both in pots and in the field.



33

El-Said et al. (1981) reported that inoculation

with Rhizobium sp. increased the 'N' percentage in pea plants.

J&hag (1981) found that inoculation of seeds with
Rhizobium culture resulted increased nitrogen content of
plants over uninoculated control in all varieties of gram (C.

arietinum L.).

V/Raut and Ghonsikar (1982) reported 22 per cent

increase in total N in gram due to Rhizobium inoculation.

Mane (1985) found that the seed inoculation with
Rhizobium enhanced the 'N' content of plants over uninoculated

control in all the varieties of gram.

Kaliash and Gisela (1988) conducted an experiment
on Rhizobium inoculation in alfalfa and showed that the 'N'

accumulation increased after inoculation of Rhizobium strain.

N
Sairam et al. (1989) reported that phosphorus

application at the rate of 90 kg/ha and inoculation with
Rhizobium inoculant resulted in increase in nitrogen fixation
and total nitrogen uptake plus increase in available soil

nitrogen.

t al. (1989) conducted a field trial with

Bhuiya
six rhizobial strains on T-9 variety of black gram and

reported that significant beneficial effect in N-uptake.



34

Beena et al. (1990) the studies were done in the
fields of varietal response and host varietal specificity for
nodulation by Rhizobium. Ten different varieties of cowpea and
one Rhizobium strain was used for the experiment. It was found

that Rhizobium inoculation resulted significantly increase in

per cent nitrogen content by all the varieties.

Prabhakarnw and Rangarajan (1992) conducted an
experiment with two elite strains of Rhizobium phaseoli viz.,
PvRp-1 and PvRp-2 and four lablab cultivars viz., C0O-6, CO-7,
CO-8 and CO-9. The Rhizobium seed bacterization was found to
enhance nitrogen fixation in Phaseolus vulgaris cultivars over
their controls. The interaction between lablab cultivars and
rhizobial seed inoculation on nitrogen fixation at harvest was

found significant.

Shaheen and Rahmatullah (1994) conducted a labora-
tory experiment on groundnut cultivar Banki and ICGS-44 and
soil inoculation with Rhizobium strains viz., NC-92 or Ruddy
patric. They observed that nitrogen fixation of both cultivars

were significantly increased by inoculation.
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3. MATERIAL AND METHODS

The present investigation was undertaken in the
Department of Plant Pathology and Agricultural Microbiology,
Mahatma Phule Krishi Vidyapeeth, Rahuri - 413 722 (M.S.) India.
The Glass House facilities of the Post Graduate Institute of
the University were utilized to conduct pot culture experiment.
The pot culture experiment was conducted during the Kharif

season of 1995-96.

The details of material required and methods
followed during the period of investigation are described

briefly in the succeeding paragraphs.

3.1 Material

Material used for laboratory and pot culture experi-

ments are as given below.

3.1.1 Collection of plant samples for isolation

Healthy, vigorously growing plant samples of

Dolichos biflorus L. were collected from the Instructional

Farm Area of the Department of Plant Pathology and Agricul-

tural Microbiology, M.P.K.V., Rahuri.

3.1.2 1Isolation of Rhizobia

Cango Red Yeast Extract Mannitol Agar medium

(Vincent, 1970), sterilized water, petriplates, mercuric
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bi-chloride (HgCl2 0.1 per cent), spirit lamp and inoculating

needle were used for the isolation of Horse gram rhizobia.
3.1.3 Morphology and staining reaction

Different staining reactions were carried out by
employing the standard methods described by Society of

American Bacteriologist (1957).
3.1.4 Seeds

The seeds of horsegram cultivars viz., Sina, Man,
TPK, HPK, Phule K-1 and KS-2 were obtained from the Pulse
Breeder, All India Co-ordinated Pulses Improvement Project,

M.P.K.V., Rahuri.
3.1.5 Soils

Soil used for conducting the pot culture experiment
was obtained from the Instructional Farm Area of the
Department of Plant Pathology and Agricultural Microbiology,
M.P.K.V., Rahuri having pH 7.8, organic carbon 0.48%, availa-

ble N 214 kg/ha and available P 9.16 kg/ha.
3.1.6 Earthen pots

The earthen pots of 22.5 cm diameter were used for

conducting the pot culture experiment.
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3.1.7 Disinfectant

Five per cent aqueous solution of copper sulphate

(CuSO4) was used for disinfecting the earthen pots.
3.1.8 Rhizobium culture

The Rhizobium cultures isolated from horsegram
cultivars viz., Sina, Man, TPK, HPK, Phule K-1 and KS-2 were

used.
3.1.9 PFertilizers

Nitrogen and phosphorus were applied through urea

and single super phosphate, respectively.

3.1.10 Insecticides

Just
Endosulfan 35 EC and BHC 10 per cent.were used for

control insect pest of horsegram.
3.1.11 Glasswares

The Corning brand glasswares viz., beakers, pipettes,
petriplates, test tubes, conical flask, volumetric flasks,
measuring cylinders, microscopic glass slides, cover slips,

funnels etc. were used whenever necessary.
3.1.12 Equipments

The laboratory equipments viz., digestion unit,

distillation wunit, autoclave, incubator, grinding machine,
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weighing balance, microscope, filler micrometer, spectronic 20

etc. were used whenever necessary.

3.1.13 Miscellaneous material

Brown paper bags, weight box, labels, polythene

paper bags, knife were used whenever required.

3.1.14 Material required for chemical analysis

3.1.14.1 Initial chemical analysis of soil

1. 8Soil reaction : pH of the so0il was determined by using

Elico digital pH meter.

2. Available nitrogen : Macro-Kjeldahl's distillation unit,
0.32 per cent KMnO4, 2.5 per cent NaOH, 2 per cent boric acid,
mixed indicator of bromocresol green and methyl red, ethyl

alcohol, 0.02 N HZSO4, Devarda's alloy, MgO etc. were used.

3. Available phosphorus : Spectronic-20, 0.5 N NaHCO,, Phos-
phorus free activated charcoal, ammonium molybdate, HC1,

stannous chloride solution and KH2P04 were used.

4. Organic carbon : Potassium dichromate solution (1 N),
Ferrous sulphate solution (0.5 N), Ferroin indicator, conc.

sto4 etc. were used.
3.1.14.2 Chemical analysis of plant samples

1. Total Nitrogen: Micro-Kjeldahl's digestion and distillation

unit, conc. HZSO4, 30 per cent H202, NaOH 40 per cent solution,
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2 per cent Boric acid indicator, mixed indicator of bromocresol
green, methyl red (dissolved in 100 ml alcohol) and distilled

water were used.

3.2 Methods

3.2.1 1Isolation of Rhizobia

Isolation of Horsegram root nodule bacteria was
done from six horsegram varieties viz., Sina, Man, TPK, HPK,

Phule K-1 and KS-2.

For isolation, vigorously growing three months old
plants with deep green foliage were selected from each of the
above mentioned varieties and carefully uprooted with intact
root system. The roots were washed thoroughly in running tap
water and two to three large, hard and pinkish nodules located
at tap root were selected and removed from each plant of
horsegram cultivars. Isolation of the Rhizobium from these
nodules was done by the method described by Vincent (1970)
using Congored VYeast Extract Mannitol Agar medium. After
solidification of the medium the plates were incubated at 30°C
temperature for 5 days. After incubation, transfers from
distinctly separate, raised, opaque, white well isolated
colonies were made on YEMA slants and were coded as RS-1, RS-2,

RS-3, RS-4, RS-5 and, RS-6 respectively.
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3.2.2 Testing nodulation by Leonard jar assembly method

For testing nodulation ability of six isolates of
horsegram rhizobia, Leonard jar assembly was used (Vincent,
1970). The seeds were then inoculated with rhizobial cultures
and covered with gravel to prevent aerial contamination. One
uninoculated control set was maintained for comparison. All
these sets were kept for 21 days in glass house. The nutrient
solution at the bottom of jar was changed by separating two

halves of the assembly under aseptic condition.

3.2.3 Staining reactions and morphology

3.2.3.1 Staining reaction

In staining reaction viz., simple, Gram's, Capsule,
Spore and Acid-fast staining were carried out for all isolates
under study by employing the standard methods described by the

Society of American Bacteriologist (1957).

3.2.3.2 Morphology

1. Shape : Smears of 48 hours old isolate grown on yeast
extract mannitol agar medium were stained with Ziehl's Carbol

Fuchsin and observed under microscope for shape.
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2. Size : Measurement of cells were made with the help of

filley micrometer, using smears stained with Carbol Fuchsin.
3.2.4 Pot culture experiment
3.2.4.1 Design of experiment

Factorial Completely Randomised Design (FCRD) was

used for this experiment.
3.2.4.2 Experimental details

The experiment was conducted in a sterile soil with

following two factors.

Factor-A :
a. Sina
b. Man
c. TPK

d. Phule K-1

e. Ks-2

Factor-B :
a. RS-1 isolated from Sina
b. RS-2 isolated from Man
c¢. RS-3 isolated from TPK
d. RS-4 isolated from HPK
e. RS-5 isolated from Phule K-1
f. Rs-6 isolated from KS-2

g. Uninoculated control
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® Design : Factorial Completely Randomised Design (FCRD)
® PReplication: Three
® fFactors : Two

e Factor A : Horsegram varieties

Vi - Sina e Factor B : Rhizobium
V2 - Man Isolates

V3 - TPK Ii -Isolated from Sina .
Vs, - HPK I,-Isolated from Man

V5 - Phule K-1 I3-Isolated trom TPK

Vg - KS-2 I,-Isclated from HPK
Ig-Isolated from Phule K8
Ig-1solated from K S-2
Iz-Uninoculated Control

Fig. 1. Plan of layout : Pot Culture Experiment
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The experiment comprised of forty two treatment

combinations which were replicated three times.
3.2.4.3 Pot filling

The soil used for pot culture experiment was passed
through 2 X 3 mm sieve to remove stones and stubbles. The soil
wag sterilized in autoclave under pressure of 1.1 kg/cm2 for
three successive days. The earthen pots were sterilized with 5
per cent CusO, solution and filled with sterile soil at the

rate of 4.0 kg/pot.
3.2.4.4 Application of manures and fertilizer

The doses of manures and fertilizers per pot were
worked out on the soil weight basis, keeping the base of their

recommended dose viz., 20 kg N/ha and 40 kg onslha. The doses

of nitrogen and phosphorus were applied through urea single
super phosphate, respectively at the time of sowing as basal

dose and uniformly covered with sub-surface soil.
3.2.4.5 Seed inoculation and sowing

For testing the nodulation ability and effective-
ness in fixing nitrogen symbioticaly, all the isolates were
tested in sterile soil in earthen pots. Eight to nine seeds of
horsegram were sown in each pot varietywise. Prior to sowing
the seeds were soaked for 12 hrs. in 7 days old culture

suspension (108 cells/ml) of Rhizobium. Each treatment was
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replicated three times including uninoculated control pots.
Three such sets were prepared in order to record the obser-
vations at 30, 60 and 90 days after sowing and at harvesting

stage.

Thinning was done after 15 days by keeping 5
healthy plants in each pot. All the pots were randomised to
remove the positional effect. The plants were watered

regularly whenever required.

3.2.4.6 Observation recorded

Following observations were recorded in the pot

culture experiment.

1. Germination count (%) : Germination percentage of the seeds

of each pot was recorded 10 days after sowing.

2. Nodulation count and dry weight : Nodulation count was

recorded at 30, 60, 90 days after sowing and at harvest.

Nodulation count consisted of number of total
nodules, number of large/medium/small nodules and also number

of pink/white/black nodules.

A light irrigation was given on the previous day of
observation, 80 as to uproot the plants with intact root
system. One plant from each pot was selected randomly and

plants were removed carefully by reversing the pot upside down
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in water tought. The intact root system was washed with tap
water and observation on nodulation were recorded and also dry

weight of nodules/plant were recorded.

3. Dry matter yield of plant : The dry matter yield of plant
was recorded at 30, 60, 90 days after sowing and at harvest of

each treatment.

4. Yield/plant : VYield per plant was recorded for each

treatment.

3.2.4.7 Chemical analysis of soil

1. Soil reaction : Soil reaction (pH) was determined before

sowing by means of glass electrode using 1 : 2.5 soil : water

suspension (Jackson, 1971).

2. Available Nitrogen : the available nitrogen from initial

soil determined by modified alkaline permanganate method

(Sahrawat and Burford, 1983).

3. Available Phosphorus : The available phosphorus of initial
soil was estimated calorimetrically by using NaH003 (0.5 N;

8.5 pH) as an extractant (Olsen et al., 1954).

4. Organic Carbon : Organic carbon of 80il was estimated by
modified method of Walkely and Black as described by Piper

(1950).
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3.2.4.8 Chemical analysis of plant

In order to study the effect of Rhizobium cultures
on nitrogen content of whole plant of horsegram, the total
nitrogen in plant was estimated by Micro-Kjeldahl's meth&d

(Jackson, 1971).
3.2.4.9 Statistical analysis

The data obtained on various parameters were
subjected to statistical analysis by following the standard
method of analysis of variance. The standard errors for the
treatment means and critical differences were computed at 5

per cent level of significance (Panse and Sukhatme, 1957).
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4 . EXPERIMENTAL RESULTS

4.1 1Isolation of Rhizobium isolates from horsegram cultivars

The attempts were made to isolate of Rhizobium from
the root nodules of different horsegram cultivars by using the
method described by Vincent (1970) and the isolates were

further coded as RS-1 to RS-6 as detailed below.

——— o — - — . ———— — e S —— A W—A Y S i Sl PP S S e o S Y, M T S S TS S M A v S P S . — Y o — " - G — =

Isolated code Isolate from horsegram variety
RS-1 Sina
RS-2 Man
RS-3 TPK
RS-4 HPK
RS-5 Phule K-1
RS-6 KS-2

—— " ——————— — — i W — S . Y — — . A — i e S T — S — — . " S Nt — S = b — e A T T — T G - - g o —

4.2 Nodule forming ability of isolates

All the isolates under study proved to be horsegram
Rhizobia, since they could nodulate the horsegram plants when

tested in Leonard jar assembly.
4.3 Morphology and staining reaction

The results regarding the cell shape and size of

the Rhizobium isolates are presented in Table 1. All the
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isolates were invariably rod shaped. The size of cells varied

from 2.30 to 3.24 am in length and 0.63 to 0.96 amm in breadth.

Table 1. Morphological characters and staining reactions of
Rhizobium isolates from horsegram

—————- —— —— T ——— T T S —— P ——— " — ——— WA TS = —— — - A W — . — — T S Y A A S A — T — S T T —— s S T > M W - o WA el v

Shape Average size (am) Gram's Spore Capsule Acid
————————————————— fast

—————— - — —— "t —— T —— " St S_— " T ——— . - — . S o — —— T TS TS VS S e S - — D - . T S o — YT S — S Y S o ——

RS-1 Rod 3.24 0.96 - - + -
RS-2 Rod 3.17 0.91 - - + -
RS-3 Rod 2.46 0.67 - - + -
RS-4 Rod 2.30 0.63 - - + -
RS-5 Rod 2.96 0.84 - - + -
RS-6 Rod 2.80 0.79 - - + -

—— . —— i — T Y ——— — — 0, S — Y T T . 4 o D S i s B S e s it N AR Sy i e e S g T s e D P S S AP D S e e ) g o o . o W G . o —

i
]

Negative test

Positive test

+
It

All the isolates were found to be Gram negative,
non-spore forming, encapsulated and non-acid fast (Table 1).
These results are in conformity with the morphological
characters of Rhizobium spp. reported in the Bergey's Manual

of Determinative Bacteriology (1974).
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4.4 Seed germination (%)

The data represented in Table 2 in respect of
germination count (%) were significant for inoculation treat-
ments while non-significant for varieties and their inter-

actions.

Table 2. Effect of inoculation with different isolates of
Rhizobium on germination count (%) in horsegram

—— — . — — - — —— _——— . ———— — T —— T T —— S T — - ——ta, f— — " S —— T —— o T o 5 o Ul S S i W S A} SO S D v WO S ST St

Inoculant Variety Mean
Sina  Man  TPK  HPK Phule K-1 KS-2
RS-1 86.80 82.53 82.48 83.88 80.21 82.91 83.14
RS-2 83.20 85.75 78.02 80.84 82.67 82.57 82.17
RS-3 85.36 81.19 73.97 78.16 81.94 81.40 80.33
RS-4 87.96 85.46 85.38 84.63 83.82 84.27 85.25
RS-5 83.87 78.34 75.37 75.22 76.55 74.86 77.36
RS-6 84.51 84.28 78.41 82.02 82.16 81.52 82.15
u.cC 78.99 75.52 72.85 73.75 77.23 76.96 75.88
Mean 84.38 81.87 78.64 79.78 80.65 80.64 80.99
"""""""""""""""""" s.g. +  C.D. at5
Varieties (V) 0.14 N.S.
Inoculants (I) 0.15 0.45
Interaction (V X I) 0.39 N.S
N.S. = Non-significant

Uninoculated Control .

&
&
"
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All the inoculation treatments recorded a signi-
ficant improvement in germination count ranging from 77.36 to
85.25 per cent as compared to uninoculated control (75.88%).
The inoculation with Rhizobium isolate, RS-4 recorded the
highest germination count (85.25%) and it was significantly
superior to the rest of the isolates. The rest of the
inoculation treatments differed significantly except RS-2 and

RS-6 which were at par with each other.

4.5 Number of nodules per plant

The results in respect of number of nodules per
plant recorded at 30, 60 and 90 days after sowing and at
harvest (Table 3, Fig. 1 & 2 and Plate 1 to 7) were signi-
ficant for inoculation treatments, while non-significant for

varieties and their interaction effects at all the stages.

At 30 days after sowing all the rhizobial isolates
recorded significantly higher number of nodules per plant as
compared to uninoculated control which recorded no nodules, as
the experiment was carried out under sterile soil conditions.
However, all the isolates were at par with each other. The
number of nodules per plant ranged from 12.57 (RS-1) to 14.15
(RS-4). Although the results in respect of variety were non-
significant, the variety Phule K-1 recorded the highest number

of nodules per plant (12.51).
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Table 3. Effect of inoculation with different isolates of Rhizobium
on number of nodules per plant in horsegram

—— ————— . ——— T ———— ———— Y —— Y T —— — " — — Y S —— i . S —— A R St S W . A —— v A o

Inoculant Variety Mean
Sina Man TPK HPK Phule K-1 KS-2
Al At 30 days
RS-1 14.87 10.96 12.06 12.78 15.15 9.60 12.57
RS-2 13.67 11.34 11.27 13.24 15.06 16.01 13.42
RS-3 14.00 9.76 14.36 18.44 14.15 12.50 13.53
RS-4 11.67 18.82 12.30 12.82 13.4%, 15.57 14.15
RS-5 14.00 1€.30 13.25 12.22 14.00 13.37 12.85
RS-6 12.00 15.08 11.60 13.00 15.48 13.95 13.51
U.C. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 11.45 10.89 10.40 11.78 12.51 11.57 11.43
B] At 60 days
RS-1 24.10 26.66 27.66 29.66 28.32 31.26 27.94
RS-2 32.57 30.40 38.00, 34.80 27.00 30.00 32.12
RS~-3 38.00 51.00 45.60 30.40 50.33 40.26 41.43
RS-4 - 48.00 50.00 52.00 45.65 38.00 35.30 44 .82
RS-5 40.01 30.40 30.00 26.95 27.90 21.00 31.04
RS-6 45.30 44,33 42.20 34.60 42 .20 36.26 40.81
U.C. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 32.56 33.25 33.63 30.29 29.53 27.72 31.16
Cl] At 90 days
RS-1 20.‘@ 24.36 24 .42 25.16 26.34 26.96 24.59
RS~2 31.82 25.83 28.11 45.50 25.84 20.86 29.56
RS-3 30.88 45.33 40.92 27.75 38.51 38.12 36.91
RS-4 39.96 40.92 45.43 42.17 35.35 32.16 39.33
RS-5 25.34 30.12 31.86 30.06 30.06 28.86 29.38
RS~6 37.40 38.06 38.00 32.16- 40.27 28.67 35.76
u.C. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 26.53 29.23 29.82 28.97 28.05 25.00 27.93
D] At harvest
RS-1 15.02 20.26 22.42 23.51 22.65 26.34 21.70
RS-2 27.06 20.84 24.29 25.76 22.09 22.06 23.68
RS-3 26.02 39.22 38.16 25.91 31.70 32.75 32.29
RS-4 36.16 36.91 38.78 37.35 34.76 29.35 35.55
RS-5 24.03 26.86 29.78 27.83 20.11 22.33 25.15
RS-6 33.35 31.84 35.65 30.06 36.91 24.27 32.01
u.cC. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 23.09 25.13 27.01 24.34 24.03 22.44 24.34
S.E. ¢ C.D. at 5%
A B c D A B C D
Varieties (V) 0.840 2.220 2.290 1.560 N.S. N.S. N.S. N.S.
Inoculants (I) 0.910 2.400 2.480 1.680 2.570 6.760 6.98 4.74
Interaction (V¥ X I) 2.230 5.880 6£.080 4.130 N.S. N.S. N.S. N.S.

- —_— - - - W e T T e W e e W e e W e e Y W e e e e W W W W e e A e W W

N.8. = Non-significant [ — 35559
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Number of nodules per plant at harvest
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Plate No. 1.

Maximum nodules produced in variety TPK by
inoculation with rhizobial isolate No. 4
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Plate No. 2. Effect of different rhizobial isolates on
nodulation in var. Sina (1 to 6 indicates
Rhizobium isolate numbers and 7 being
control)

4

Plate No. 3. Effect of different rhizobial isolates on
nodulation in var. Man (1 to 6_indicates

Rhizobium isolate numbers and 7 being
control



Plate No. 4.

Effect of different rhizobial isolates on
nodulation in var. TPK (1 to 6_indicates
Rh1% bium isolate numbers and 7 being
control)

Plate No. 5.

Effect of different rhizobial isolates on
nodulation in var. HPK (1 to 6 indicates

Rhizobi isolate numbers and 7 being
controlg
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Plate No. 6.

Effect of different rhizobial isolates on
nodulation in var. Phule K-1 (1 to 6 indicates
Rhizobium isolate numbers and 7 being

control)

Plate No. 7.

Effect of different rhizobial isolates on
nodulation in var. KS-2 (1 to 6 indicates
Rhi%ob%um isolate numbers and 7 being
contro
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At 60 days after sowing, all the isolates had
significantly improved the number of nodules per plant as
compared to uninoculated control which recorded no nodules.
Among the six isolates, the isolate RS-4 recorded the highest
number of nodules per plant (44.82) and was significantly
superior to the other isolates except RS-3 (41.43) and RS-6

(40.81).

At 90 days after sowing, all the isolates recorded
significantly higher number of nodules per plant as compared
kto uninoculated control which did not record any nodules. The
number- of nodules ranged from 24.59 (RS-1) to 39.33 (RS-4).
The inoculation treatment RS-4 recorded the highest number of
nodules (39.33) per plant and was significantly superior to
the other isolates except RS-3 (36.91 nodules) and RS-6 (35.76
nodules). The variety TPK recorded the highest number of

nodules (29.82).

At harvesting stage, all the inoculation treatments
recorded significantly higher number of nodules per plant as
compared to uninoculated control which recorded no nodules.
The inoculation treatment RS-4 recorded the highest number of
nodules per plant (35.55) and was significantly superior to
other isolates except RS-3 (32.29 nodules) and RS-6 (32.01
nodules). Although the results in respect of variety were non-
significant, the variety TPK recorded maximum number of

nodules per plant (27.01).
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4.6 Number of white nodules

The results in respect of white nodules per plant
(Table 4) were significant for inoculation treatments at all
the stages. The results were non-significant for varieties and
interactions at 30 days, however, they were significant for

varieties and interactions at 60 days, 90 days and at harvest.

At 30 days stage, all the isolates recorded signi-
ficantly higher number of white nodules per plant as compared
to uninoculated control which recorded no nodules. However,
all the isolates were at par with each other. The isolate RS-4

recorded higher number of white nodules per plant (9.02).

At 60 days all the inoculation treatments differed
significantly from each other and recorded higher number of
nodules. The number of white nodules per plant ranged from
3.48 (RS-6) to 5.91 (RS-4). Among the varieties all the
varieties differ significantly from each other. The number of
white nodules per plant in different varieties ranged from
2.90 (Man) to 4.47 (Phule K-1). Among the interactions RS-2 X
Phule K-1 recorded significantly highest number of white
nodules (7.45/plant) while, RS-5 X HPK and RS-6 X KS-2

recorded least number of white nodules {(2.00/plant).

At 90 days, all the inoculation treatments differed
significantly from each other. All the inoculation treatments

recorded higher number of white nodules per plant as compared
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Table 4. Rffect of inoculation with different isolates of Rhizobium
on white colour nodules per plant in horsegram
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Al At 30 days

RS-1 10.33 6.76 7.66 8.00 9.66 5.60 8.00
RS-2 9.66 7.00 7.74 7.66 9.33 10.66 8.67
RS-3 9.00 6.37 7.00 13.00 9.33 8.00 8.78
RS-4 8.33 13.40 7.40 8.00 8.00 9.00 9.02
RS-5 9.00 6.80 8.76 8.33 9.66 8.00 8.42
RS-6 8.00 9.33 7.73 8.66 8.66 9.34 8.62
u.c. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 7.76 7.09 6.61 7.95 7.80 7.22 7.35
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Bl At 60 days

RS~-1 3.25 2.25 3.33 3.06 6.07 5.11 3.84

RS8-2 3.02 2.10 4.00 4.15 7.45 7.00 4.62

RS-3 4.00 4.00 4.15 4.20 2.33 4.26 3.82

RS-4 6.75 6.00 7.07 5.65 6.00 4.00 5.91

RS-5 5.01 3.00 6.50 2.00 6.35 2.50 4.22

RS-6 5.30 3.00 3.00 4.50 3.10 2.00 3.48
0 0 0 0

s Gt T . - S " — - T A - —_— —— G o - — T —- T Y — i . - " — o o - —— — —— —— S Y S = s o o ks G o T e e o B o

RS-1 2.22 2.20 6.22 2.12 6.00 5.05 3.96

RS-2 4.80 2.33 6.20 6.36 5.30 3.00 4.66

RS-3 5.44 3.80 8.35 3.92 2.20 4.10 4.63

RS-4 4.36 5.32 4.15 5.10 4.00 3.90 4.47

RS-5 4.10 6.06 6.40 4.00 6.80 6.10 5.57
4.10 2.60 5.16 4.15 4.10 2.17 3.71
0 0 0 0
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D] At harvest

RS-1 1.80 2.12 4.40 2.02 4.22 3.02 2.93
RS-2 2.22 3.15 4.15 2.20 4.30 2.05 3.01
RS5-3 3.02 3.85 6.35 3.65 2.15 3.10 3.68
RS-4 3.10 4.30 3.16 4.15 3.90 3.04 3.60
RS-5 4.05 3.06 3.40 2.08 4.31 4.00 3.48
RS-6 2.35 2.35 4.20 4.00 3.65 2.00 3.09
u.c 0.0 0.0 0.0 0.0 0.0 0.0 .0
Mean 2.36 2.69 3.66 2.58 3.21 2.45 2.82
S.E. % C.D. at 5%
A B c D a B c D
vVarieties (V) 0.610 0.004 0.004 0.003 N.S. 0.010 0.010 0.007
Inoculants (1) 0.660 0.004 0.004 0.002 1.880 0.011 0G.011 0.007
Interaction (V X I) 1.630 0.009 0.009 0.006 N.S 0.027 0.027 0.019
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N.S. = Non-significant
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to uninoculated control which recorded no nodules. The number
of white nodules per plant ranged from 3.71 (RS8-5) to 5.57
(RS-5). All the varieties differed significantly from each
other. The number of white nodules per plant in the varieties
ranged from 3.18 (Man) to 5.21 (TPK). Among the interactions
the interaction RS-5 X Phule K-1 recorded significantly
highest number of white nodules per plant (6.80), while RS-1 X

HPK recorded least number of white nodules (2.12).

At harvesting stage, all the inoculation treatments
differed %ignificantly from each other and recorded higher
number of white nodules per plant as compared to uninoculated
control which recorded no nodules. The number of white nodules
per plant ranged from 2.93 (RS-1) to 3.68 (RS-3). All the
varieties differed significantly from each other. The number
of white nodules per plant recorded by different varieties
ranged froﬁ 2.36 (Man) to 3.66 (TPK). Among the interactions,
the interaction RS-3 X TPK recorded significantly highest
number of white nodules per plant (6.35), while RS-1 X Sina

recorded least number of white nodules per plant (1.80).
4.7 Number of pink nodules

The results on the number of pink nodules per plant
(Table 5) were significant for varieties, inoculation treat-
ments and their interactions at 60 days, 90 days and at
harvesting stage, whereas they were significant only for

inoculation treatments at 30 days.
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Table 5. Effect of inoculation with different isolates of Rhizobium
on pink colour nodules per plant in horsegram
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A] At 30 days

RS-1 4.54 4.20 4.39 4.78 5.48 4.00 4.56
RS-2 4.00 4.34 3.53 5.57 5.72 5.35 4.75
RS-3 5.00 3.38 4,36 5.44 4.81 4.50 4.58
RS-4 3.33 5.42 4.90 4.82 5.42 6.57 5.07
RS-5 5.00 3.50 4.48 3.88 4,33 5.37 4.42
RS-6 4.00 5.74 3.86 4.33 6.81 4.61 4.89
u.cC. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 3.69 3.79 3.64 4.11 4.65 4.34 4.18
Bl At 60 days
RS-1 18.20 19.00 18.30 21.25 19.00 22.00 19.62
RS-2 25.20 20.00 31.00 21.20 17.00 18.00 22.06
RS-3 31.00 40.00 33.05 21.30 38.00 26.00 31.55
RS-4 37.25 39.00 39.93 31.00 28.00 27.00 33.69
RS-5 27.00 22.00 18.50 20.00 18.00 16.50 20.33
RS-6 35.00 35.23 35.10 22.10 35.00 30.00 32.07
U.C. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 24.80 25.03 25.12 19.55 22.14 19.92 22.76
C] At 90 days
RS-1 12.08 15.06 7.20 15.00 10.40 13.85 12,26
RS-2 13.00 13.00 13.00 24.80 13.30 9.46 14.42
RS-3 10.22 25.43 20.27 11.42 21.15 18.00 17.74
RS-4 20.30 17.30 27.02 21.07 17.35 15.12 19.69
RS-5 17.67 14.02 15.36 16.06 13.10 12.36 14.76
RS-6 17.05 25.35 17.42 14.01 14.17 14.20 17.03
U.C. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 12.90 15.73 14.32 14.62 12.78 11.85 13.70
D] At harvest
RS-1 4,35 5.47 4.44 7.40 2.80 11.08 5.92
RS-~-2 5.64 8.09 6.14 5.56 2.49 5.01 5.48
RS-3 6.00 12.20 6.91 6.20 8.60 10.40 8.38
RS~4 13.06 18.50 13.20 13.05 10.20 8.26 12.71
RS~5 8.20 7.60 7.30 8.50 2.80 6.30 6.78
RS~6 14.50 10.30 7.40 8.06 12.20 6.20 9.77
U.c. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 7.39 8.88 6.48 6.96 5.58 6.75 7.00
S.E. % C.0. at 5%
Q B c ) f B c D
Varieties (V) 0.350 0.950 0.010 0.520 N.S 2.690 0.029 1.470
Inoculants (1) 0.380 1.030 0.011 0.560 1.070 2.910 0.031 1.5%0
Interaction (V X 1) 0.930 2.530 0.027 1.380 N.S 7.120 0.078 3.900
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N.S. = Non-significant
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At 30 days all the inoculation treatments recorded
significantly higher number of pink nodules per plant as
compared to uninoculated control which recorded no nodules.
However, all the inoculation treatments were at par with each
other. The number of pink nodules per plant due to different

igsolates ranged from 4.42 (RS-5) to 5.07 (RS-4).

At 60 days stage, all the inoculation treatmenté
recorded significantly higher number of pink nodules per plant
as compared to uninoculated control which recorded no nodules.
The inoculation treatment RS~4 recorded the highest number of
pink nodules (33.69) per plant and was significantly superior
to the rest of the isolates except RS-3 (32.55) and RS-6
(32.07). Among the varieties, the variety Sina (24.80), Man
(25.03) and TPK (25.12) were significantly superior to the
others but were at par with each other. Among the interactions,
the interaction RS-3 X Man recorded the highest number of pink
nodules per plant (40.00) while RS-5 X KS8~2 recorded the least

number of pink nodules per plant (16.50).

At 90 days stage, all the inoculation treatments
recorded significantly higher number of pink nodules per plant
as compared to uninoculated control which recorded no pink
nodules. All the inoculation treatments differed significantly
from each other. The number of pink nodules per plant ranged
from 12.26 (RS-1) to 19.69 (RS-4). All the varieties differed

significantly from each other in respect of number of pink
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nodules per plant. The variety Man recorded the highest number
of pink nodules (15.73) whereas KS-2 recorded the least
(11.85). Among the interactions, the interaction RS-4 X TPK
recorded significantly higher number pink nodules per plant
(27.02), while RS-1 X TPK recorded the least number of pink

nodules per plant (7.20).

At harvesting stage all the inoculation treatments
recorded significantly higher number of pink nodules per plant
over the uninoculated control which recorded no pink nodule.
The inoculation treatments RS-4 recofded the highest number of
pink noduleg per plant (12.71) and was significantly superior
to rest of the isolates. The number of pink nodules per plant
ranged from 5.48 (RS-1) to 12.71 (RS-4). Among the varieties,
the variety Man recorded significantly highest number of pink
nodules per plant (8.88). The number of pink nodules per plant

in the varieties ranged from 5.58 (Phule K-1) to 8.88 {(Man).

Among the interactions, the interaction RS-4 X Man
recorded significantly higher number of pink nodules per plant
(18.50) while RS-2 X Phule K-1 recorded the least number of

pink nodules per plant (2.49)
4.8 HNumber of black nodules

The results in respect of number of black nodules
per plant (Table 6) were significantly influenced by the
varieties (except at 90 days). Inoculation treatments and

their interactions as well.
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Table 6. Effect of inoculation with different isolates of Rhizobium
on black colour nodules per plant in horsegram
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Inoculant Variety Mean
8ina Man TPK HPK Phule K-1 KS8-2
Al At 60 days
RS-1 2.55 5.40 6.03 5.35 3.25 4.15 4.45
RS-2 4.35 8.30 3.00 9.45 2.55 5.00 5.44
RS-3 3.00 7.00 8.40 4.90 5.00 10.00 6.38
RS-4 4.00 5.00 5.00 9.00 4.00 4.30 5.21
RS-5 8.00 5.40 5.00 4.95 3.55 2.00 4,81
RS-6 5.00 6.10 4.10 8.00 4.10 4.26 5.26
u.c. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 3.84 5.31 4.50 5.9% 3.20 4.24 4.50
B] At 90 days
RS-1 6.10 7.24 11.00 8.04 10.00 8.06 8.40
RS-2 7.54 10.90 8.91 14.34 7.24 8.40 9.55
RS-3 15.22 16.10 12,30 12.41 15.16 16.02 14.53
RS-4 15.30 18.30 14.03 16.00 14.00 13.14 15.12
RS-5 10.05 10.04 10.10 10.00 6.16 10.40 9.45
R8-6 16.25 10.11 15.42 14.00 18.00 12.30 14.34
U.C. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 10.06 10.38 10.25 10.68 10.08 10.19 10.19
C] At harvest
RS-1 8.87 12.00 12.25 14.09 11.40 12.24 11.80
RS-2 19.20 10.16 14.00 18.00 15.00 15.00 15.22
RS-3 17.00 23.07 25.00 16.06 21.03 19.25 20,23
RS-4 20.00 20.21 22.42 20.15 20.66 18.05 20.24
RS-5 12.05 16.20 19.08 17.25 13.00 12.03 14.93
RS-6 16.50 19.19 24.05 18.00 21.16 16.07 19.16
u.c. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 13.37 14.16 16.68 14.79 14.60 13.23 14.51
S.E. + C.0. at 5%
A B c A B C
varieties (V) 0.400 0.5%90 0.190 1.140 N.S. 0.540
Inoculants (1) 0.430 0.640 0.200 1.230 1.820 0.59%90
Interaction (V X 1) 1.070 1.580 0.510 3.020 4.460 1.440
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K.8. = Non-significant
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At 60 days after sowing, all the inoculation treat-
ments recorded significantly higher number of black nodules
per plant as compared to uninoculated control which recorded
no black nodules. The inoculation treatment RS-3 recorded the
highest number of black nodules (6.38). However, it was on par
with RS-2, RS-4 and RS-6. Among the varieties, the variety HPK
recorded the highest number of black nodules (5.95) per plant
and was significantly superior to the other except Man (5.31).
Among the interactions, the interaction RS5-3 X KS-2 recorded
the highest number of black nodules per plant (10.00), while
RS-5 X KS-2 recorded the least number of black nodules per

plant (2.00).

At 90 days after sowing all the inoculation treat-
ments had significantly higher number of black nodules per
plant as compared to control which recorded no black nodules.
The isolate RS-4 recorded the highest number of black nodules
(15.12) per plant. However it was at par with RS-3 (14.53) and
RS-6 (14.34). Although, the results in respect of varieties
were non-significant, the variety HPK recorded the highest
number of black nodules per plant (10.68). Among the inter-
actions, the interaction RS-4 X Man recorded the highest
number of black nodules per plant (18.30), while RS-1 X Sina

recorded the least number of black nodules per plant (6.10).

At harvesting stage all the inoculation treatments

recorded significantly higher number of black nodules per
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plant over the uninoculated control which recorded no black
nodules. The inoculation treatment RS-4 recorded the highest
number of black nodules per plant (20.24) and was signifi-
cantly superior to the other isolates except RS-3 (20.23).
Among the varieties TPK recorded significantly highest number
of black nodules (16.68). The varieties Man (14.16), HPK
(14.79) and Phule K-1 (14.68) were next effective and were at
par with each other. Among the interactions, the interaction
R8-3 X TPK recorded the highest number of black nodules per

plant (25.00).

4.9 Number of small size nodules

The results (Table 7) in respect of number of small
nodules per plant were significant for varieties and inocula-
tion treatments at 30, 60 and 90 days after sowing and at
harvesting. The interaction effects were significant at all

the stages except at 60 days.

At 30 days after sowing, all the inoculation treat-~
ments differed significantly and recorded higher number of
small nodules per plant as compared to the uninoculated
control which did not record any nodules. The number of small
nodules per plant ranged from 8.70 (RS-5) to 9.86 (RS-4). All
the varieties differed significantly from each other. The
number small nodules per plant ranged from 7.00 (TPK) to 8.82
(Phule K-1). Among the interactions, the interaction RS-4 X

Man recorded significantly higher number of small nodules per
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Table 7. Bffect of inoculation with different isolates of Rhizobium
on small size nodules per plant in horsegram

Inoculant Variety Mean
Sina Man TPK HPK Phule K-1 KS-2

A) At 30 days
RS-1 10.00 6.68 9.00 9.00 10.15 7.05 8.64
RS-2 10.00 8.00 8.00 8.00 10.60 12.10 9.45
RS-3 9.10 7.00 7.00 10.00 10.00 9.05 8.69
R8-4 8.00 14.00 9.00 8.00 9.00 11.20 9.86
R8-5 9.00 7.00 8.00 9.00 10.00 9,20 8.70
RS-6 9.60 11.90 8.00 8.00 12.00 9.20 9,78
u.c 0.00 0.00 0.00 0.00 0.0 0.00 0.00

Mean 5.10 7.94 7.00 7.42 8.82 7.97 7.73
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Bl At 60 days
RS-1 3.10 5 4 4 5
RS-2 4,02 3 5 5 5
RS-3 4.10 4 5. 5. . . 5
RS-4 5.75 4.50 8.09 5.40 7.12 7.10 6.32
RS-5 5.00 4 7 4 6
RS-6 4.25 3 5 4 5
U.C. 0.00 0 0 0 0
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C] At 90 days

RS-1 3.78 3.72 3.26 3.21 4.60 4.80 3.89

RS-2 4.10 5.48 4,37 3.07 5.28 5.83 4.68

RS-3 3.25 5.10 3.14 4.14 6.01 4.01 4.27

RS-4 4.65 3.58 6.38 4.22 5.26 5.09 4.86

RS-5 4.07 4.27 3.79 3.72 4.14 3.02 3.83

RS-6 3.40 3 4.00 3.10 5.10 6.74 4.22
0 0 0 0

U‘C. 0'00
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D] At harvest

RS-1 2.19 3.20 2.63 3.10 4.20 3.64 3.16
RS-2 4.00 4.36 3.47 3.01 4.82 3.21 3.81
RS§-3 4,19 4.09 2.14 3.41 4.89 3.02 3.62
RS-4 4.28 2.40 4.30 3.29 4.62 4.80 3.94
RS-5 3.04 4.10 2.97 2.27 3.41 2.02 2.96
RS-6 6.32 3.05 3.02 3.01 4.10 5.63 4.18
u.c. 0.00 0.00 0.00 0.00 0.0 0.00 0.00
Mean 3.43 3.02 2.64 2.58 3.72 3.18 3.09
S.€. ¢ C.D. at 5%
A B c 0 fA B c 0
Varieties (V) 0.007 0.420 0.005 0.260 0.020 1.190 0.014 0.740
Inoculants (I) 0.008 0.450 0.005 0.280 0.022 1.280 0.015 0.800

Interaction (V X I) 0.019 1.120 0.001 0.700 0.055 N.S. 0.03% 1.970
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K.8. = Non-significant
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plant (14.00), while RS-3 X Man and RS-3 X TPK recorded the
least number of small nodules per plant (7.00). At 60 days all
the inoculation treatments were at par with each other. The
number of small nodules per plant ranged from 5.21 (RS-2) to
6.32 (RS-4). Among the varieties, Phule K-1 (5.70) and KS-2

(6.64) were significantly superior to the others.

At 90 days after sowing all the inoculation treat-
ments differed significantly from each other. The number of
small nodules per plant ranged from 3.83 (RS-5) to 4.86 (RS-4).
All the varieties differed significantly from each other. The
number of small nodules per plant ranged from 3.06 (HPK) to
4.34 (Phule K-1). Among the interactions, the interaction RS-6
X K8-2 recorded significantly higher number of small nodules
per plant (6.74), while RS-5 X KS-2 and RS-6 X Man recorded

the least number of small nodules per plant (3.02).

At harvesting stage, all the inoculation treatments
were at par with each other and recorded significantly higher
number of small nodules per plant as compared to uninoculated
control which recorded no nodules. The number of small nodules
per plant ranged from 2.96 (RS-5) to 4.18 (RS-6). All the
varieties were at par with each other. The number of small
nodules per plant ranged from 2.58 (HPK) to 3.72 (Phule K-1).
Among the interactions, the interaction RS-6 X Sina recorded
significantly higher number of small nodules per plant (6.32),
while RS-5 X KS-2 recorded the least number of small nodules

per plant (2.02).
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4.10 Number of medium size nodules

The data presented (Table 8) in respect of number
of medium size nodules per plant were significant for inocu-
lation treatments and interaction effects. The results were
non-gignificant for varieties at 90 days after sowing and

significant at 30, 60 days after sowing and at harvest.

At 30 days after sowing all the inoculation treat-
ments recorded significantly higher number of medium size
nodules per plant as compared to uninoculated control which
recorded no nodules. Similarly, all the inoculation treatments
differed significantly from each other. The number of medium
size nodules per plant ranged from 2.88 (RS-1) to 3.60 (RS-3).
All the varieties differed significantly from each other. The
number of medium size nodules per plant ranged from 2.16 (Man)
to 3.57 (HPK). Among the interactions, the interaction RS-3 X
HPK recorded significantly higher number of medium size
nodules per plant (7.00), while RS-6 X Sina, RS-3 X Man, RS-5
X Man, RS-2 X TPK, RS-1 X TPK and RS-3 X Phule K-1 recorded

the least number of medium nodules per plant (2.00).

At 60 days after sowing all the inoculation treat-
ments recorded signifi;antly higher number of medium size
nodules per plant as compared to the uninoculated control
which recorded no nodules. The isolate RS-4 recorded signi-
ficantly highest number of medium sized nodules per plant

(28.61). The number of medium size nodules per plant ranged
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Table 8. Effect of inoculation with different isolates of Rhizobium
on medium size nodules per plant in horsegram
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Inoculant Variety Mean
Sina Man TPK HPK Phule K-1 Ks8-2
A] At 30 days
RS-1 3.07 3.00 2.00 3.00 4.20 2.04 2.88
RS-2 3.00 2.10 2.00 4.00 3.34 3.06 2.91
RS-3 4.00 2.00 4.00 7.00 2.00 2.60 3.60
RS-4 3.00 4.00 2.20 4.00 3.67 3.51 3.39
RS-5 4.00 2.00 4.00 3.00 2.80 3.48 3.21
RS-6 2.00 2.08 3.00 4.00 2.80 3.80 2.94
U.c 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 2.72 2.16 2.45 3.57 2.68 2.64 2.70
Bl At 60 days
RS-1 14.20 12.01 14.26 16.71 12.09 20.00 14.87
RS-2 20.10 11.30 17.43 17.09 11.58 14.03 15.25
RS-3 26.05 36.25 30.05 17.18 30.25 24.05 27.30
RS-4 30.25 32.10 34.70 26.52 22.06 26.03 28.61
RS-5 25.10 18.65 12.35 25.43 12.36 12.50 17.73
RS-6 30.05 30.23 30.80 19.02 29.52 22.03 26.94
u.cC. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 20.85 20.07 19.94 17.42 16.83 16.94 18.65
_____________________________________ At —————
C] At 90 days
RS-1 6.54 7.55 10.82 9.63 10.69 13.33 9.76
RS-2 13.67 9.29 10.39 18.67 8.55 4.82 10.89
RS-3 11.48 20.38 21.52 11.58 22.41 16.02 17.23
RS-4 16.21 19.09 14.32 17.79 14.07 14.78 16.04
RS-5 6.05 13.20 16.33 11.24 9.92 10.52 11.21
RS-6 17.80 18.00 12.64 12.97 22.78 11.01 15.86
u.c. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 10.25 12.50 12.28 11.69 12.63 10.68 11.57
D] At harvest
RS-1 2.28 9.26 9.03 9.11 7.25 9.27 7.70
RS-2 12.97 10.22 12.05 10.11 9.10 8.16 10.43
RS-3 8.53 12.25 12.25 11.05 10.09 11.63 10.96
RS-4 17.87 13.07 16.20 16.04 12.41 10.35 14.32
RS-5 3.78 10.20 12.80 10.19 7.70 9.69 9.06
RS-6 16.01 12.17 18.30 13.63 12.60 7.68 13.39
U.c. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 8.76 9.59 11.51 10.01 8.45 8.11 9.48
S.E. C.0. at 5%
A B C 0 A B C D
Varieties (V) 0.002 0.025 0.750 0.010 0.007 0.072 N.S. 0.029
Inoculants (1) 0.002 0.027 0.810 0.011 0.007 0.078 2.280 0.031

Interaction (V X I) 0.006 0.068 1.990 0.027 0.019 0.191 5.600 0.078
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N.S. = Non-significant
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from 14.87 (RS-1) to 28.61 (RS-4). Among the varieties, the
variety Sina recorded the highest number of medium sized
nodules per plant (20.85) and was significantly superior to
rest of the varieties. The number of medium size nodules per
plant ranged from 16.83 (Phule K-1) to 20.85 (Sina). The inter-
action RS-4 X TPK recorded significantly higher number of
medium sized nodules per plant (34.70), while RS8-2 X Man
recorded the least number of medium size nodules per plant

(11.30).

At 90 days after sowing the inoculation treatments
RS-6 (15.86), RS-3 (17.23) and RS-4 (16.04) were significantly
superior to the others. The number of medium size nodules per
plant ranged from 9.76 (RS-1) to 17.23 (RS-3). Among the
interactions, the interaction RS-6 X Phule K-1 recorded the
highest number of medium size nodules per plant (22.78), while
RS-2 X KS-2 recorded the least number of medium size nodules

per plant (4.82).

At harvesting stage all the inoculation treatments
differed significantly from each other. They recorded signi-
ficantly higher number of medium size nodules per plant as
compared to the uninoculated control which recorded no nodules
per plant. The number of medium size nodules per plant ranged
from 7.70 (RS-1) to 14.32 (RS-4). All the varieties differed
significantly from each other. The number of medium size

nodules per plant ranged from 8.11 (KS-2) to 11.51 (TPK).
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Among the interactions, the interaction RS-6 X TPK recorded
the highest number of medium size nodules per plant (18.30),
while RS-1 X Sina recorded the least number of medium size

nodules per plant (2.28).

4.11 Number of large size nodules

The data on number of large size nodules recorded
at 30, 60 and 90 days after sowing and at harvesting stage
(Table 9) were significant for the inoculation treatments and
interactions, whereas the varieties were found to be non-
significant at harvesting, while significant at all the

remaining stages i.e. 30, 60 and 90 days after sowing.

At 30 days after sowing, all inoculation treat-
ments recorded significantly higher number of large nodules
per plant as compared to the uninoculated control which
recorded no nodules. The number of large nodules per plant
ranged from 0.78 (RS-6) to 1.11 (RS-5). The isolate RS-5
recorded the highest number of large size nodules per plant
(1.11). However, it was on par with RS-3 (1.07) and RS-2 (1.06).
Among the varieties, the variety Man (0.92), TPK (0.94), HPK
(0.92) and Phule K-1 (0.86) were significantly superior to
KS-2 and Sina. Among the interactions, the interaction RS-3 X
HPK recorded the highest number of large size nodules per
plant (1.44), while RS-6 X Sina recorded the least number of

large nodules per plant (0.40).
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Table 9. Effect of inoculation with different isolates of Rhizobium
on large size nodules per plant in horsegram

" —— ———— —— — T — . S — Y — —— T -y _—_— o —— . — = . s i Tt St et S ke WA S S e el S . —— A - A — W — v T

Inoculant Variety Mean
Sina Man TPK HPK Phule K-1 KS-2
Al At 30 days
RS5-1 0.80 1.28 1.06 0.78 0.80 0.51 0.87
RS-2 ¢.67 1.24 1.24 1.24 1.12 0.85% 1.06
RS-3 0.90 0.76 1.37 1.44 1.15 0.85 1.07
RS-4 0.67 0.82 1.10 0.82 1.08 0.86 0.89
RS-5 1.00 1.30 1.25 1.22 1.20 0.69 1.11
RS-6 0.40 1.10 0.60 1.00 0.68 0.95 0.78
u.c 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.63 0.92 0.94 0.92 0.86 0.58 0.82
B] At 60 days
RS-1 6.80 9.40 8.58 8.63 7.63 2.81 7.30
RS-2 8.45 10.82 4.81 12.62 8.28 9.96 9.15
RS-3 7.85 10.45 10.40 8.21 3.96 8.11 8.16
RS-4 12.00 13.40 9,21 13.73 8.82 2.17 9.88
RS-5 9.91 7.27 10.45 7.06 7.38 1.02 7.18
RS-6 11.00 11.00 6.13 10.83 6.48 4.87 8.38
U.C. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 8.00 8.90 7.08 8.72 6.07 4.13 7.15
C] At 90 days
RsS-1 10.02 13.09 10.32 12.32 11.05 9.03 10.97
RS-2 14.05 11.06 13.35 23.76 12.01 10.21 14.07
RS-3 16.15 19.85 16.26 12.06 10.09 18.09 15.41
RS-4 19.10 21.05 24.73 20.16 16.01 12.29 18.89
RS-5 15.22 12.65 11.74 15.10 16.00 15.32 14,33
RS-6 16.20 17.04 21.36 16.09 12.39 10.92 15.66
U.C. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 12.96 13.53 13.96 14.21 11.07 10.83 12.76
D) At harvest
RS-1 10.55 7.80 10.76 11.30 11.20 13.43 10.75
RS-2 10.09 6.26 8.77 12.64 8.17 10.69 9.43
RS-3 13.30 22.88 23.77 12.45 16.72 18.10 17.87
RS-4 14.01 21.44 18.28 18.02 17.73 14.20 17.28
RS-5 17.21 12.56 14.01 15.37 9.00 10.62 13.12
RS-6 11.02 16.61 14.33 13.42 20.21 10.96 14.42
u.c. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 10.81 12.50 12.87 11.88 11.86 11.14 11.83
S.E. t C.D. at 5%
A B c 0 ] B c 0
VYarieties (V) 0.060 0.012 0.960 0.950 0.169 0.036 2.700 N.S.
Inoculants (1) 0.064 0.013 1.030 1.020 0.182 0.039 2.920 2.880

Interaction (V X I) 0.159 0.034 2.540 2.510 0.447 0.959 7.160 7.070
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N.S. = Won-significant
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At 60 days, all the inoculation treatments differed
significantly from each other. The number of large nodules per
plant ranged from 7.18 (RS-5) to 9.88 (RS-4). All the
varieties differed significantly from each other. The variety
Man recorded the highest number of large size nodules (8.90).
Among the interactions, the interaction RS-4 X HPK recorded
the highest number of large size nodules per plant (13.73),
while RS~-5 X KS-2 recorded the least number of large size

nodules per plant (1.02).

At 90 days after sowing, all the inoculation treat-
ments recorded significantly higher number of large size
nodules per plant as compared to the wuninoculated control
which recorded no nodules. The isolate RS-4 recorded signi-
ficantly highest number of large size nodules per plant
(18.89). The number of large size nodules ranged from 10.97
(RS-1) to 18.89 (RS-4). The varieties Sina (12.96), Man
(13.53), TPK (13.96) and HPK (14.21) were significantly

superior to Phule K-1 and KsS-2.

At harvesting stage, all the inoculation treatments
recorded significantly higher number of large size nodules per
plant as compared to uninoculated control which recorded no
nodules per plant. The inoculation treatments RS-3 (17.87) and
RS-4 (17.28) were significantly superior to the others. Among
the interactions, the interaction RS-3 X TPK recorded the

highest number of large size nodules per plant (23.77), while
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RS-2 X Man recorded the least number of 1large nodules per

plant (6.26).

4.12 Nodule dry matter (mg)

The results in respect of dry matter weight of
nodules per plant at 30, 60 and 90 days after sowing and at
harvest (Table 10, Fig. 3 & 4) were significant for inocula-
tion treatments, while non-significant for varieties and their

interactions at all the stages.

At 30 days after sowing, all the inoculation
treatments recorded significantly higher dry matter weight of
nodules per plant as compared to the uninoculated control.
However, all the inoculation treatments were at par with each
other. The dry matter weight of nodules per plant ranged from

3.79 mg to 4.32 mg.

At 60 days after sowing, all the inoculation treat-
ments recorded significantly higher dry matter weight of
nodules compared to the uninoculated control. The dry matter
weight of nodules per plant ranged from 15.88 (RS-1) to 28.25
(RS-4). The isolate RS-4 recorded significantly highest dry

matter weight in the nodules (28.25 mg).

At 90 days after sowing, all the inoculation treat-
ments recorded significantly higher dry matter weight of

nodules per plant as compared to the uninoculated control. The



Table 10. Effect of inoculation with different isolates of Rhizobium on
dry matter weight (mg/plant) of nodules per plant in horsegranm
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R8-1
RS-2
RS-3
RS-4
R8-5
RS-6

B] At 60 da
RS-1
RS-2
RS-3
RS-4
RS-5
RS-6
U.c.

Ys

13.
18.
21.
27.
27.

C] At 90 days

RS-1
R8-2
RS-3
RS-4
RS-5
RS-6
u.C.

D] At harve
RS-1
RS-2
RS-3
RS~4
RS-5
RS-6

Varieties (V)
Inoculants (I

22.
18.
24.
31.

st

26.
l6.
36.
39.
25.

)
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Variety Mean
Man TPK HPK Phule K-1 KS-2
3.35 3.69 3.91 4.63 2.86 3.79
3.47 3.44 4.05 4.61 4.69 4.04
4.66 3.55 3.97 4.73 4.27 4.14
5.76 3.76 3.92 4.01 4.76 4.32
3.15 4.05 3.74 4.28 4.01 3.91
2.98 3.48 5.64 4.33 3.82 4.07
0.00 0.00 0.00 0.00 0.00 0.00
3.33 3.13 3.60 3.79 3.48 3.47
15.18 15.78 16.85 16.13 17.68 15.88
17.31 21.64 19.82 15.38 17.09 18.29
29.05 25.97 17.31 24.68 22.93 23.59
28.48 46.48 25.66 21.64 20.11 28.25
17.31 17.09 21.05 15.89 11.96 17.68
25.25 24.04 19.71 24.04 20.65 23.22
0.00 0.00 0.00 0.00 0.00 0.00
18.94 21.54 17.20 16.82 15.77 18.13
26.77 28.32 26.89 23.16 25.65 25.51
21.86 21.70 22.36 23.46 23.96 21.94
40.29 37.70 24.66 34.23 33.88 32.57
36.37 40.17 37.48 31.42 28.58 34.27
22.96 24.98 25.63 22.96 18.00 23.33
33.83 33.77 28.58 35.79 35.48 31.22
0.00 0.00 0.00 0.00 0.00 0.00
26.01 26.66 23.65 24.43 22.22 24.12
29.11 32.28 32.36 28.93 24.3¢6 28.84
23.96 22.86 26.64 27.70 28.80 24.40
34.51 38.64 32.79 40.26 29.47 35.40
40.01 42.03 40.74 38.58 32.01 38.76
23.59 26.33 28.10 26.09 24.06 25.64
40.40 41.47 28.26 34.66 31.05 34.04
0.00 0.00 0.00 0.00 0.00 0.00
27.36 29.08 26.98 28.03 24.25 26.71
S.E. ¢ c.D. at 53
A B c D ] B c 1]
0.290 1.520 1.490 1.650 N.S. N.S. N.S. N.S.
0.310 1.640 1.610 1.780 0.890 4.620 4.540 5.010
4.020 3.950 4.360 N.S. N.S. N.S. N.S.

Interaction (V¥ X 1) 0.770
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N.S. = Kon-significant
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dry matter weight of nodules per plant ranged from 21.94 mg
(RS-2) to 34.27 mg (RS-4). The isolate RS-4 recorded the
highest nodule dry matter per plant (34.27 mg) and was signi-
ficantly superior to the other isolates except RS-3 (32.57 mg)

and RS-6 (31.22 mg).

At harvesting, all the inoculation treatments
recorded significantly higher dry matter weight of nodules per
plant compared to the uninoculated control. The dry matter
weight of nodules per plant ranged from 24.40 mg (RS-2) to
38.76 mg (RS-4). The isolates viz., RS-4, RS-3 and R8-6 were

significantly superior to the others.
4.13 Plant dry matter (g)

The results (Table 11, Fig. 5 & 6) in respect of
dry matter weight of plant were significant for inoculation
treatments at all the stages. The varieties had a non-
significant influence on plant dry matter at all the stages.
Similarly, the interactions had significant effect on plant

dry matter only at harvest stage.

At 30 days after sowing, all the inoculation treat-
ments recorded significantly higher plant dry matter over the
uninoculated control (0.67 g) per plant. However, all the
inoculation treatments were at par with each other. The dry
matter weight of plant due to different isolates ranged from

0.92 g (RS-1) to 1.02 (RS-4).
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Table 11. Effect of inoculation with different isolates of Rhizobium
on dry matter weight of plant (g/plant) in horsegram
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A] At 30 days

RS-1 1.05 0.80 0.88 0.89 1.11 0.80 0.92
RS-2 1.02 0.71 0.83 1.35 1.03 0.91 0.97
RS-3 0.88 1.11 0.85 0.95 1.13 1.02 0.99
RS-4 0.85 1.34 0.90 0.94 0.98 1.14 1.02
RS-5 1.02 0.75 0.97 0.89 1.02 0.98 0.93
RS-6 1.00 0.83 0.82 0.97 1.10 1.17 0.98
u.c. 0.71 0.70 0.66 0.68 0.66 0.61 0.67
Mean 0.93 0.89 0.84 0.95 1.00 0.94 0.92
B] At 60 days
RS-1 8.20 8.99 8.29 9.70 8.49 9.90 8.92
RS-2 12.00 9.12 10.00 11.08 8.37 9.50 10.01
RS-3 11.40 15.30 14.34 12.12 12.99 12.07 13.03
RS-4 14.40 15.00 15.40 13.69 11.40 10.59 13.41
RS-5 9.77 10.12 11.40 10.44 8.10 9.45 9.88
RS-6 13.59 13.29 13.66 10.38 12.66 10.87 12.40
u.cC. 7.68 7.0 6.44 7.48 6.20 7.42 7.05
Mean 11.00 11.27 11.36 10.69 9.74 9.97 10.67
Cl At 90 days
RS-1 15.81 19.06 18.92 19.49 20.46 17.55 18.54
RS-2 19.68 23.34 24.69 23.45 20.19 22.36 22.28
RS-3 23.93 30.13 31.71 25.50 29.84 29.54 27.77
RS-4 30.96 31.71 31.93 32.68 27.39 24.92 29.93
RS-5 24.66 20.01 21.78 23.01 20.02 17.49 21.16
RS-6 29.21 29.49 29.45 24.92 31.20 22.21 27.76
u.cC. 9,28 10.22 12.15 11.10 11.24 10.05 10.67
Mean 21.94 23.42 24 .67 22.30 22.90 20.59 22.59
D] At harvest
RS-1 35.59 36.50 28.00 30.95 35.65 29.50 32.69
RS-2 33.28 38.08 32.86 33.06 36.73 36.60 35.10
RS-3 39.93 35.50 41.00 33.05 34.85 45.00 38.22
RS-4 38.10 36.88 40.68 41.00 36.60 38.78 38.67
RS-5 34.65 34.00 36.73 41.08 33.95 28.00 34.73
RS-6 31.96 30.85 45.00 43.90 42.00 32.84 37.75
u.c. 20.42 22.46 22.48 25.25 28.85 26.02 24.24
Mean 33.41 33.46 35.25 35.47 35.51 33.82 34.49
S.E. ¢t C.D. at 5%
A B c D A B C D
varieties (V) 0.063 0.560 1.270 1.210 N.S. N.S. N.S. N.S.
Inoculants (I) 0.068 0.600 1.370 1.310 0.190 1.700 3.880 3.680
Interaction (V X I) 0.160 1.480 3.370 3.210 N.S. N.S. N.S. 9.030
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N.S. = Non-significant



Dry matter weight of plant (g/plant)

m _
NNN&&&&&&NWWW& ........

40

_ i i
O ) o O
M N —

Variety

]

B 15

14

NN

Bk

2

[

Z

e

V1 = Sina

= K8-2

V3 = TPK Vq = HEK Vg = Phule K-1 Ve

VZ = Man

I, = RS-6

I, = R8-2 I = RS-3 I, = RS-4 Ig = RS-5

= RS-1

81

Dry matter weight of plant (g/plant) of horsegram varieties at 90 days

as influenced by rhizobial inoculants

Fig. 5.



82

SJUuDTNoOUT TDIQOZTIYJ AQ padusnijul s

1S9AJIDY 1D S9T1STJDA WDJI63sJioy JO (JuDTd/6) uDTd JO JUBTOM 4d33bWw AJq 'Q "Bl
9-s9 = 91 G-s94 = 1 p-sy =71 ¢-sy=6€1 z-su=27Crp 1-s9 = 1
Z-sX1 = 9o 1-3 eInyd = Sp MaH = 'A M1 = €A  uwew = %y  eurs = Ty
L o] 98 N 00 E Y R
A}21IDA
9A GA A A A LA
L H R =N B2 PN B Fe 0 ot O
H A
: G
: &“. “
G
..... N - 0l
W ..... 40z
.......... ENZ2Z_Rw M o2 ] _— o, o
DR i \ S N 4 0o
] o
0¢

(3upjd/b) juoid jo jybrem ueyow Aug



83

At 60 days after sowing all the inoculation treat-
ments had significantly higher plant dry matter as compared to
uninoculated control (7.05 g/plant). The dry matter weight of
plant ranged from 8.92 g (RS-1) to 13.41 g (RS-4). The inocu-
lation treatments RS-4, RS-3 and RS-6 were significantly

superior to the others.

At 90 days after sowing, all the inoculation treat-
ments recorded significantly higher plant dry matter as
compared to the uninoculated control (10.67 g/plant). The
plant dry matter ranged from 18.54 g (RS-1) to 29.93 g (RS-4).
The isolates yviz., RS-4, RS-3 and RS-6 were significantly

superior to the others.

At harvesting stage, all the inoculation treatments
recorded significantly higher dry matter weight of plant as
compared to the uninoculated control (24.24 g/plant). The Adry
matter weight of plant ranged from 32.69 g per plant (RS-1) to
38.67 g per plant (RS-4). The isolate RS-4 recorded the
highest plant dry matter (38.64 g). However, it was on par

with RS-3 (38.22 g), RS-6 (37.75 g) and RS-2 (32.10 g).

4.14 N-uptake by plant

The results (Table 12, Fig. 7 & 8) in respect of
the N-uptake by plant at 30, 60 and 90 days after sowing and
at harvest were significant for inoculation treatments and

non-significant for their interaction effect. The varieties
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Table 12. ERffect of inoculation with different isolates of Rhizobium
on N-uptake/plant (g N/plant) in horsegram

———————— ———— — b o —— T — —— — S A — . — A mam . - A — " — e — M S - ——— A —— t—— _— —— S = —— —— T ——— — " - - ——

Inoculant Variety Mean
Sina Man TPK HPK Phule K-1 K8-2
A] At 30 days
RS-1 0.034 0.026 0.027 0.030 0.035 0.026 0.030
RS-2 0.036 0.027 0.031 0.029 0.032 0.032 0.031
RS-3 0.031 0.044 0.028 0.031 0.037 0.034 0.034
RS-4 0.034 0.053 0.029 0.033 0.032 0.037 0.036
RS-5 0.035 0.024 0.027 0.045 0.034 0.030 0.032
RS-6 0.035 0.029 0.027 0.030 0.037 0.038 0.033
u.c 0.022 0.020 0.020 0.020 0.016 0.019 0.019
Mean 0.033 0.032 0.027 0.031 0.032 0.031 0.031
B] At 60 days
RS-1 0.317 0.237 0.300 0.277 0.223 0.270 0.271
RS-2 0.273 0.303 0.197 0.233 0.207 0.257 0.245
RS-3 0.443 0.440 0.450 0.357 0.343 0.333 0.394
RS-4 0.563 0.503 0.503 0.420 0.273 0.350 0.436
RS-5 0.463 0.253 0.267 0.320 0.233 0.250 0.298
RS-6 0.517 0.317 0.410 0.327 0.297 0.317 0.364
u.c 0.230 0.167 0.143 0.170 0.127 0.183 0.170
Mean 0.401 0.317 0.324 0.300 0.243 0.283 0.311
C] At 90 days
RS-1 0.593 0.503 0.547 0.580 0.557 0.520 0.550
RS-2 0.480 0.487 0.347 0.410 0.473 0.430 0.338
RS-3 0.753 0.930 0.767 0.610 0.773 0.907 0.790
RS-4 0.010 0.950 1.027 0.983 0.683 0.573 0.871
RS-5 0.750 0.510 0.503 0.617 0.490 0.517 0.564
RS-6 0.933 0.883 0.857 0.617 0.813 0.570 0.779
u.c. 0.187 0.210 0.253 0.240 0.237 0.297 0.221
Mean 0.672 0.639 0.614 0.580 0.575 0.521 0.602
D] At harvest
RS-1 0.737 0.903 0.807 0.783 0.910 0.847 0.831
RS-2 0.963 0.820 0.430 0.720 0.743 0.667 0.724
RS-3 0.830 0.723 1.063 1.103 0.947 0.823 0.915
RS-4 0.980 0.887 1.170 1.070 0.810 0.970 0.981
RS-5 0.947 0.840 0.853 0.803 0.757 1.033 0.872
RS-6 0.817 0.613 1.027 1.087 1.140 0.677 0.893
vu.cC. 0.337 0.407 0.370 0.480 0.490 0.383 0.411
Mean 0.801 0.742 0.817 0.864 0.828 0.771 0.804
S.E. c.D. at 5%
A B C D A B C D
Varieties (V) 0.003 0.020 0.047 0.058 N.S. 0.058 N.S. N.S.
Inoculants (I) 0.003 0.020 0.050 0.063 0.009 0.063 0.140 0.170
Interaction (V¥ X I) 0.007 0.050 0.124 0.154 N.S. N.S. N.S. N.S.
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had a significant effect on N-uptake only at 60 days after

sowing.

At 30 days after sowing, all the inoculation treat-
ments recorded significantly higher N-uptake by plant as
compared to the uninoculated treatment (0.019 g/plant).
However, all the inoculation treatments were at par with each
other. The N-uptake by plant due to different isolates ranged

from 0.030 g per plant (RS-1) to 0.036 g per plant (RS-4).

At 60 days after sowing, all the inoculation treat-
ments recorded significantly higher N-uptake by plant as
compared to the uninoculated control (0.170 g/plant). The N-
uptake by plant due to different isolates ranged from 0.245 g
per plant (RS-2) to 0.436 g per plant (RS-4). The isolate RS-4
recorded the highest N-uptake (0.436 g/plant) and was signi-
ficantly superior to rest of the isolates except RS-3 (0.394
g N/plant). Among the varieties, the variety Sina recorded

significantly highest N-uptake (0.401 g/plant).

At 90 days after sowing all the inoculation treat-
ments recorded significantly higher N-uptake by plant as
compared to uninoculated control (0.221 g/plant). The N-uptake
by plant due to different isolates ranged from 0.338 g per
plant to 0.871 g per plant. The inoculation treatments RS-3
(0.790 g N/plant), RS-4 (0.871 g N/plant) and RS-6 (0.779 ¢
N/plant) were at par with each other but significantly

superior to the other isolates.
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At harvesting stage, all the inoculation treatments
recorded significantly higher N-uptake by plant as compared to
the uninoculated control (0.411 g N/plant). The N-uptake by
plant dQue to different isolates ranged from 0.724 g per plant
(RS-2) to 0.981 g per plant (RS-4). All the other isolates
were significantly superior to RS-2 in respect of N-uptake by

plant.

4.15 Grain yield

The results (Table 13, Fig. 9) in respect of grain
vield per plant were significant for inoculation treatments,

while non-significant for varieties and interaction effects.

All the inoculation treatments recorded significant-
ly higher grain yvyield per plant compared to the uninoculated
control which recorded grain yield of only 1.84 g per plant.
The grain vyvield per plant dque to different isolates ranged
from 2.89 g per plant (RS-1) to 3.41 g per plant (RS-4). The
isolates viz., RS-4 (3.41 g/plant), RS-3 (3.39 g/plant), RS-6
(3.36 g/plant) and RS-2 (3.07 g/plant) were significantly

superior to RS-1 and RS-5 but were at par with each other.
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Table 13. Rffect of inoculation with different isolates of Rhizobium
on grain yield (g/plant) in horsegram

- iy Tt T ———— — — —— o — S — — — — —— — —— " — — — i — i . — T — — T —— — - —— A AR " ——— " —— — ~———— —

Inoculant Variety Mean
Sina  Man  TPK  HPK Phule K-1 KS-2

RS-1 3.32 2.62 2.66 2.81 2.76 3.20 2.89
RS-2 3.37 3.15 3.05 2.84 3.22 2.80 3.07
RS-3 3.84 3.64 3.11 3.33 3.29 3.14 3.39
RS~-4 3.37 3.13 3.26 3.71 3.60 3.40 3.41
RS-5 3.03 2.80 3.32 2.78 2.55 3.10 2.93
RS-6 3.71 3.04 3.56 2.96 3.35 3.55 3.36
u.c 1.71 2.02 1.71 2.13 1.64 1.86 1.84

Mean  3.19  2.91  2.95  2.94 2.91  3.01  2.99

T sk c.D. at 5%
Varieties (V) -_~_BTI; ———————— ;T;t———_
Inoculants (I) 0.15 0.42
Interaction (V X I) 0.37 N.S.

e e . ———— —— ——— T —— i W — — T Y — — T —— T ———— T — T W — - —— Y — T - T o i ——" v ———" S — V-

N.S. = Non-significant
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5. DISCUSSION
5.1 1Isolation and characterization of rhizobial isolates

The samples of horsegram varieties collected for
rhizobial 1isolation showed large, pink and abundant nodules
which indicated the presence of homologous rhizobia in the
soil. All the isolates were non-spore formers, gram negative,
non acid fast, rod shaped, encapsulated showing translucent
milky white colonies on congo red yeast extract mannitol agar.
These characters were identical as described in recent edition
of Bergey's Manual (1984). Nodulation testes conducted for all
the 1isolates using Leonard jars confirmed them as rhizobia
specific for horsegram. Further, all the isolates when used as
seed inoculant for six varieties of horsegram in a pot culture
experiment using sterile soil showed production of abundant
nodulation and thus confirmed as rhizobial isolates specific

for horsegram.
5.2 8Seed germination

The results in general indicated that inoculation
with different strains of Rhizobium increased the germination
percentage of all the varieties of horsegram. This shows
effective symbiotic association of all the rhizobial strains
with horsegram genotypes. Obviously there are no reports on

effect of rhizobial inoculation on seed germination of crops.
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5.3 Observations on nodulation

The results on nodulation in general indicated that
all the rhizobial inoculants significantly increased the
number of nodules per plant, pink nodules per plant and large
size nodules per plant. Although, the varieties of horsegram
showed non-significant response, a variations and increase in
total number of pink and large size nodules were observed due
to inoculation with Rhizobium. Interactions of all the
varieties with rhizobial inoculants recorded from 20.34 to
45.50 nodules per plant at 90 days (maximum flowering period)
after sowing, while uninoculated control combinations did not
record any of the nodules as soil wused for pot culture
experiment was sterile. There was an increase in number of
total, pink and large size nodules from 30 to 90 days after
sowing, while at harvest there was a decline. This could be
due to more diversions of plant nutrients for grain formation
and decrease in nutrient supply to microsymbiont (Rhizobium).
All the isolates could produce 1large and pink nodules

indicating their effectiveness in symbiosis with horsegram.

The present results of increase in nodulation due
to Rhizobium inoculation in horsegram varieties are similar to
those of Bagyaraj and Hegde (1978) and Sairam et al (1989) in
cowpea; Gangawane and Datar (1977) and Rice and Olsen (1983)
in lucernae and Prasad and Ram (1984) and Basu et al. (1989)

in green gram. Differential response of gram cultivars to
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interactions of varieties with uninoculated control. The
increased dry matter weight in plants inoculated with
Rhizobium could be attributed to the increase in nutrient
uptake especially N as evidenced from the data on N uptake. It
is proved beyond no doubts that Rhizobium acts as symbiont
with legume host, fixed atmospheric nitrogen and ehances its
uptake by legume host which helps in accumulation of dry

matter in inoculated host.

The inoculation with Rhizobium has been reported to
increase dry matter weight of various crops viz., lucerne
(Gangawane and Datar, 1977); clover (Nuti et al., 1981); gram
(Patil and Medhane, 1974; Raju and Samuel, 1976; Gangawane and
Datar, 1977 and 8ing et al., 1978); cowpea (Bagchi et al.,
1981) and green gram (Idris and Sandhu, 1979); Prasad and Ram,
1984 and Basu et al, 1989). The present results are therefore,
in conformity with these earlier reports. Gasser et al. (1972)
in alfalfa and Pawar et al. (1977) in cowpea cultivars
reported variations in dry matter production dQue to Rhizobium
inoculation. Similarly, Marevckova and Brozeva (1984) and
Hegaje et al. (1989) reported varied increase in dry matter
weight of lucerne genotypes due to Rhizobium inoculation. The
present results of variations in increased dry matter weight

of horsegram cultivars were in close agreement with the above

reports.
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5.5 Nitrogen uptake by horsegram varieties

The results on nitrogen uptake in general indicated
that all the rhizobial isolates increased N uptake by
horsegram varieties over their corresponding uninoculated
treatments. All the varieties differed greatly in N uptake. As
already stated, main function of Rhizobium in symbiosis with
legume crop is to fix atmospheric nitrogen and increase its
uptake by inoculated crop and this is the reason to note the
increased uptake of N is all inoculated treatment combinations
as compared to uninoculated treatment combinations. The
enhanced N uptake due to inoculation with Rhizobium has been
reported in peanut (Chomchalow, 1970), mung (Nagi and Thakur,
1985); black gram (Bhuiya et al., 1989) and in cowpea. Patil
and Moniz (1974) in gram cultivars reported varied increase in
N uptake due to inoculation with Rhizobium. The present

results were therefore, in conformity with these earlier reports.

5.6 Grain yield of horsegram varieties

The results on grain yield of horsegram varieties
as influenced by Rhizobium inoculants in general indicated
that Rhizobium inoculation increased grain yields from 2.89 to
3.41 g per plant as against 1.84 g per plant in uninoculated
control. The varieties showed differences in grain yield which
could be mainly attributed to the inherent yielding capacity

of the horsegram varieties. The rhizobial inoculation is known
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for its nitrogen fixation and increasing nitrogen uptake of
legume host which increase growth, accumulates dry matter and
simultaneously increases yield. The increase in grain vyield
due to inoculation with Rhizobium has been reported in green
gram (Idris and Sandhu, 1979; Balasubramanian et al., 1980,
Vidayasurian et al., 1983; Prasad and Ram, 1984 and Basu et
al., 1989), cowpea (Bagyaraj and Hegde, 1978) and groundnut
(More et al., 1981; Singaravadivel and Prasad, 1981) with
which the present results are in close agreement. The inocu-
lation of Rhizobium has been reported to be crop genotype
dependent. The variation in grain vyields of horsegram
varieties due to inoculation with Rhizobium could be attri-
buted to the fact that effectiveness of Rhizobium inoculation
is crop genotype dependent as reported by Pawar et al. (1977),

Patil and Shinde (1980) and Jadhav et al. (1990).

Considering all the traits studied in the present
investigation appears that all the rhizobial isolates could
effectively nodulate, increase N uptake, dry matter weight and

grain yield of horse gram varieties.
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6. SUMMARY AND CONCLUSIONS

The present investigation was carried out with the
objectives (1) to isolate and characterise Rhizobium from six
varieties of horsegram and (ii) to see the effect of
inoculation with different isolates of Rhizobium on nodulation,

N uptake and yield of six genotypes of horsegram.

Six isolates of Rhizobium were obtained from
horsegram varieties and these were studied for various
morphological features. All the isolates were rod shaped, Gram
negative, non-acid fast, non-spore formers, rods measuring
2.30 to 3.24 am in length and 0.63 to 0.96 um in width  and
all the isoiates were encapsulated. Nodulation test for all
isolates wusing Leonard jar assembly, recorded abundant nodu-
lation in horsegram and confirmed that these isolates were of
Rhizobium specific for horsegram. A pot culture experiment in
sterile soil was conducted in a PFactorial Completely Rando-
mized Design with replications. The treatments of inoculation
included inoculation with rhizobial isolates viz., RS-1, RS-2,
RS-3, RS-4, RS-5 and RS-6 and uninoculated control. The
horsegram varieties included were Sina, Man, TPK, HPK, Phule
K-1 and Ks2. The observations on seed germination (%),
nodulation (number of varying sized and coloured nodules and
dry weight of nodules per plant) plant dry matter weight, N

uptake and grain yield of horsegram varieties were recorded.
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The results of pot culture experiment in general
revealed that plants of horsegram varieties inoculated with
different Rhizobium isolates recorded significant improvement
in nodule number, nodule dry weight, plant dry matter weight,
N uptake and grain yield over uninoculated control indicating
that these isolates could effectively be used as inoculants
for horsegram. There was an increase in number of total
nodules at 30, 60 and upto 90 days after sowing, while at
harvest the number of total pink and 1large sized nodules
showed a decline. Rhizobium inoculants increased grain yield
from 2.89 to 3.41 g per plant as against 1.84 g per plant in
uninoculated control. Amongst the inoculation treatments,
Rhizobium isolates RS5-4, RS-3 and RS-6 recorded significantly
maximum improvement in production of large size and pink
nodules, nodule dry weight, plant dry weight, N uptake and
grain vyield of horsegram varieties. Next to these isolates,
RS-2, RS8-5 and RS-1 also recorded significant improvement in
nodulation, plant dry weight, N uptake and grain vyield of
horsegram varieties over uninoculated control. The results in
general indicated that all the rhizobial isolates effectively
nodulate and gave significant increase in the yield of

horsegram varieties over uninoculated control.

The results also indicated that the horsegram
varieties responded differentially to inoculation with diff-

erent isolates of Rhizobium. Differences 1in germination
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percentage, production of large size and pink nodules, nodule
dry weight, plant dry weight, N uptake by plant and grain
yield were recorded amongst all six varieties of horsegram.
All the varieties of horsegram viz., Sina, Man, TPK, HPK,
Phule K-1 and KS-2 showed improvement in plant dry weight, N
uptake and grain yield over uninoculated control. The response
of varieties to inoculation with Rhizobium seemed to be geno-

type dependent.

The interactions of all the varieties with
rhizobial inoculants recorded increased plant dry matter
weight, N uptake and grain yield as compared to all the

interaction of varieties with uninoculated control.

Considering all the traits studied in the present
investigation it appears that all the rhizobial isolates could
effectively nodulate, increase N uptake, dry matter weight and

grain yield of horsegram varieties.
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8. APPENDIX : Effect of inoculation with different isolates of
Rhizobium on N-content of plant (N%) in horsegram

— — ——— — ——————— —— (— ————— " Y__— - S — " . o f—— Wy T Tt o o T e o G e S ot M . T o Sy Sl S S O B TS S e A O o o T - —
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Al At 30 days

RS-1 3.52 3.47 3.44 3.36 3.37 3.40 3.42

RS-2 3.51 3.45 3.42 3.39 3.36 3.32 3.40

RS-3 3.44 3.49 3.48 3.37 3.35 3.39 3.42

RS-4 3.46 3.42 3.32 3.35% 3.30 3.37 3.37

RS-5 3.45 3.47 3.37 3.38 3.33 3.32 3.38

RS-6 3.48 3.51 3.39 3.34 3.36 3.35 3.40
3 3

U.c. 3.11
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B] At 60 days
RS-1 3.90 3 3
RS-2 3.80 2 2
RS-3 3.92 2. . . 2.
RS-4 3.48 2.70 2.75 2.92 2.76 2.75% 2.96
RS-5 3.30 2 2
RS-6 3.39 3 2
u.cC. 3.18 2 2
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C}] At 90 days
RS-1 3.27 3 2
RS-2 3.20 3 2
RS-3 3.18 3. . . 3.
RS-4 3.06 2.50 2.20 2.82 2.77 3.02 2.72
RS-5 3.05 2 2
RS~-6 3.04 2 2
u.c. 3.06 2 2
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D] At harvest

R8-1 2.43 2.16 2.88 2.75 2.82 1.83 2.47
RS-2 2.57 2.00 2.30 2.45 2.70 2.01 2.33
RS-3 2.58 2.43 2.89 2.65 2.20 2.48 2.53
RS-4 2.35 2.45 2.09 2.67 2.17 2.28 2.33
RS-5 2.25 2.37 2.48 2.40 2.48 2.30 2.38
RS~6 2.74 2.22 1.56 2.35 2.09 2.35 2.21
U.c. 1.75 1.49 1.75 1.89 1.72 1.57 1.69
Mean 2.38 2.16 2.28 2.45 2.31 2.11 2.28
S.E. ¥ C.0. at 5%
A 8 c D A B c 0
Varieties (V) 0.20 0.10 0.12 0.14 N.S. 0.30 0.35 MN.S.
Inoculants (1) 0.21 0.11 0.13 0.15 N.S. 0.32 0.38 0.45
Interaction (V X I) 0.53 0.28 0.33 0.30 N.S. N.S. N.S. N.S.
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M.S. = Non-significant
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