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ABSTRACT There is considerable interest in improving nitrogen fixation in legumes to increase soil fertility, particularly in the 
developing countries which help the plant to grow better and produce more. The effect of inoculation of chickpeaseed 

with rhizobium strain G-567 was examined under laboratory and field conditions.In laboratory, we have foundG-567 is a slow grower (gen-
eration time 10 h) which forms distinct colonies (white, opaque compact, dome shaped) on CR and BTB plates. The strain G-567 was screened 
in vitro for their symbiotic performance activities using assays multi drug test, rhizobiophages infection test,amplification and sequencing 
procedure as well as field condition to determine symbiotic effectiveness.
Derived phage resistant mutants (kanrvrtetrvr) showed symbiotic specificity with chickpea cultivars. Strain kanrvr revealed highest seed 
yield with chickpea cv. Radhe (14.8%), as compared to un-inoculated control. Yield increase recorded was approximately equivalent to 40 kg 
N-treatment (16.6%) above control.
It is, therefore, concluded that comparative functional analysis of chickpea rhizobia can be genetically improved through achieving resist-
ance to various antibiotics and rhizobiophages, towards their sustained utilization in BNF-based pulse breeding programmes for improving 
symbiotic parameters in Cicer-Rhizobium mutualistic association, leading to significant grain yield enhancement.

Introduction
About a dozen of pulses are grown in India. The most important 
major pulse crops under cultivation in India are chickpea, pi-
geonpea, urdbean and lentil. India accounts for 72% of chickpea, 
and 90% of pigeonpea. These account together for 46% of culti-
vated area and 58% total production of pulses in India. Chickpea 
(Cicer arientinum) is a major source of protein for human con-
sumption. It provides high quality crop residues for animal feed 
and helps to maintain soil fertility through biological nitrogen 
fixation (Herridge et al., 1995; Siddiqi and Mahmood, 2001; Kan-
tar et al., 2007).

Rhizobium-legume symbiosis is the major source of biologically 
fixed nitrogen in agricultural system. Rhizobium is a gram nega-
tive, rod shaped, aerobic bacteria of family Rhizobiaceae and 
forms morphologically distinct nodules on the roots of legumi-
nosae. Barring exception, this symbiosis is highly specific (Fred 
et al., 1932). Rhizobial ability to induce the formation of swollen 
structure, known as nodules on the roots of pulses, is followed 
by the reduction of atmospheric nitrogen into ammonia. This 
mutualistic symbiotic relationship between rhizobia and leg-
umes is the most important biological mechanism for providing 
nitrogen to the plants as an alternative to the energy expensive 
ammonium fertilizer. Inoculation of leguminous seeds with the 
selected rhizobial strains is being widely practiced to amelio-
rate the plant yield by enhanced root nodulation and nitrogen 
uptake by the plant. Due to their paramount environmental and 
agriculture significance, these legume symbionts are being ex-
tensively characterized, and the assessment of diversity within 
rhizobial natural populations in various regions of the world has 
received increased attention (Rai et al., 2012).

It is now known that in Rhizobium-legume symbiosis there are 
at least eight distinct successive events which lead to the forma-
tion of nodules. These events are genetically controlled and have 
been recognized as root colonization root adhesion, root hair 
branching, root hair curling, formation of infected thread, nod-
ule development, intercellular, release of bacteria into the plant 
cell bacteroid development (Vincent, 1980).

The rhizosphere is a habitat for a vast interactive community of 
rhizotrophic microorganisms whose activities largely determine 
the physiochemical properties of the rhizosphere soil (Zaidi et 
al., 2003). A continuous interaction exists between the plant root 

and the rhizotrophic microorganisms of different groups that ex-
ert an important influence on plant growth (Saxena and Tilak, 
1994). Increased yield of various legumes after inoculation with 
nitrogen (N2) fixing microorganism have been reported earlier 
(Rajput et al., 1993; Wange and Patil, 1966). Nitrogen fixing mi-
croorganisms not only provide fixed N2 to the plants but also 
improve nitrogen (N) status of the soil. The increasing interest 
in nitrogen-fixing organisms is related to the fact that nitrogen 
is often the limiting factor in crop production (Alexandre et al., 
2006). Rhizobia are taxonomically diverse and form a phyloge-
netic heterogeneous group. 

Since the specific rhizobia is need to estabalish an effective as-
sociation with plants, hence rhizobial inoculation is essential to 
ensure that a large and effective rhizobial population is avail-
able in rhizosphere of the plant. The success of the rhizobial in-
oculation is limited by several chemical, physical and biological 
factors of the soil as well as environmental factors. Among the 
many factors that affect soil population of rhizobia, parasitism 
and predation have been studied to a limited extent. Bacterio-
phage infecting rhizobia frequently occur in soils where legume 
is grown. Phages are ecologically important due to their pro-
found effect on the relative proportions of different bacterial 
species or strains in a community. These are specific against dif-
ferent groups of soil bacteria that can form root nodules or 
both root & stem nodules on various legumes (Dhar and Ram-
akrishna, 1987; Dhar et al., 1993; Malek et al., 2005; Sharma et 
al., 2002). Existence of phages suggest that they can affect the 
outcome of legume-rhizobium symbiosis by reducing the popu-
lation density of susceptible nodule bacterial strains in the soil 
and provide selective pressure for the evolution of less effective 
rhizobial variants that generally cause diminution of efficiency 
of symbiotic nitrogen fixation (Kleczkowska, 1971). In contrast, 
Kowalski et al. (2004) have indicated that the presence in rhizo-
bial and phage mixture did not affect the symbiotic efficiency. 
Rhizobiophages are very specific to their host strain for which 
they have served as authentic genetic markers for differentiating 
rhizobial strains in chickpea (Dhar and Ramakrishna, 1987), pi-
geonpea (Dhar and Kumar, 1998), frenchbean (Dhar et al., 1993), 
cowpea (Singh et al., 1980), soybean (Hashem et al., 1996; Ali et 
al., 1998) and some other legumes.

Symbiotic genes are typically located in mega plasmids, known 
as pSyms (Brom et al., 2002; Garcia-de los Santos et al., 1996). 
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Non symbiotic plasmid may encode locally adaptive traits that 
confer phenotypic advantages, such as heavy metals or antibi-
otic resistance genes (Alexander et al., 2006). In evolutionary 
terms, plasmid encoded genes have the advantage of being more 
easily exchangeable within a certain population of the genes 
located in the chromosome (Downie, 1997). The study of rhizo-
bial diversity has been achieved using several phenotypic and 
molecular approaches. Identification method that often lead to 
phylogeny inference include DNA-DNA hybridization, 16S rDNA 
sequencing (Stackebrandt et al., 2002), and 16S rDNA RFLP anal-
ysis (Laguerre et al., 1994).

MATERIALSAND METHODS
Isolation of Rhizobium and Rhizobiophage Strains:
A phage indicator Rhizobium strain G-567 and its phage RC-1 
used in this study were obtained from Microbial Genetics Labo-
ratory of the Department of Genetics and Plant Breeding, Insti-
tute of Agricultural Sciences, Banaras Hindu University, Vara-
nasi. The rhizobial strain was grown on Yeast-Mannitol (YEM) 
medium (Vincent, 1970), the composition of which is presented 
in Table 1, at 28±20 C in a growth chamber. Bacterial cultures 
were maintained on the respective slants. 

Media and growth condition
Strains were routinely maintained on yeast extract mannitol 
(YEM) agar slants (Vincent, 1970) and kept at 4°C. Purity was as-
sured by routine plating on YEM agar supplemented with Congo 
red and selecting uniform colonies. The basal growth medium 
is that described by  Vincent (1970). Primary cultures in 10 ml 
medium were started form agar slants and incubated at 28°C 
with shaking until the early logarithmic phase was reached. 
These cultures provided inocula for the experimental cultures 
that were also grown with at 28°C in 25 ml in 100 ml Erlenmeyer 
flasks, with 1 % inoculums. 

Seed Inoculation
The Rhizobial strains were cultured in yeast extract mannitol 
broth until it reached the late logarithmic phase of growth. The 
inoculums were applied at an initial population level of 1.8 × 106 
CFU seed-1.  

Reaction of rhizobial isolates to Congo red Bromothymol-
blue:
Stock solutions of Congo red (CR) and Bromothymol blue (BTB) 
were prepared by dissolving 250 mg of the dye in 150 ml wa-
ter and ethanol, respectively. Ten ml of stock was added to one 
liter of YMA in order to get the required concentration (25µg 
ml-1). A loopful of exponentially growing culture of each strain 
was streaked on three different agar plates (YMA, YMA+CR and 
YMA+BTB). All plates were incubated for 3-4 days in growth 
chamber at 28°C (Fig 1.). Clear individual 20 colonies were taken 
for recording colony morphology data of each strain. In addition, 
change in color around individual colonies on YMA+BTB plates 
considered for acid (yellow) or alkali (blue) production by the 
rhizobial strain.

Growth under different carbohydrates and nitrogen sources:
The effect of five carbon sources (mannitol, glucose, arabinose, 
maltose and sucrose) on growth of rhizobial strain was studied 
in synthetic medium (SM) of O’gara and Shanmugam (1976), 
the composition of which is presented in Table 2, at a concen-
tration of 1.0 g l-1

. Experiments were performed in 30 ml culture 
tubes containing 10 ml medium at 28±20C for 7 days. The data 
on optical density at 600 nm were harnessed with digital spec-
trophotometer (Electronic India 305). In the similar manner, the 
effect of different N-sources on rhizobial growth was studied in 
medium by replacing sodium glutamate (5mM) with suitable 
concentration of organic nitrogen sources, i.e., potassium nitrate 
(1 mM), sodium nitrite (0.5 mM), ammonium sulphate (1mM), 
and urea (1 mM).

Antibiotic sensitivity and isolation of resistant mutants:
Sensitivity of the rhizobial strains to the antibiotics (kanamycin 
and tetracycline) was determined in YEM broth having graded 
concentrations of an antibiotic. For isolation of antibiotic re-
sistant mutants, exponentially growing rhizobial cells were har-
vested by centrifugation (3000 g; 10 minutes) and washed twice 
with saline solution (1 m M NaCl). Cell suspension (0.2 ml) con-
taining about 5x108 cells ml-1 were suspended in 3 ml molten 
(450C) YEM –agar (1%), followed by addition of freshly prepared 
sterilized solutions of kanamycin (25, 50, 75, 100, 150, 200, 500, 
600 and 700 µg ml-1) / tetracycline (5, 10, 15, 20, 25 and 30 µg 
ml-1). The entire content was poured over previously prepared 
YEM-agar plate having respective concentration of antibiotic. All 
plates were incubated in culture room at 28±20C for 15 days. Re-
sistant colonies were picked up and purified by repeated streak-
ing and maintained on agar slant containing antibiotic.

Isolation of phage resistant mutants:
The isolated kanamycin (200 µg ml-1) and tetracycline (25 µg ml-

1) resistant clones of chickpea Rhizobium strain G-567 were used 
for isolation of phage (RC-1) resistant mutants. Exponentially 
growing cells were incubated with high phage titer (108 PFU ml-

1) in both with ratio of 1:10 for 1 h and contents were plated by 
double agar layer technique. Phage resistant colonies appeared 
on plates after 7-8 days of incubation. Colonies were randomly 
picked up and freed from phage by repeated sub cloning. Clones 
revealing resistance to both phage and kanamycin or tetracy-
cline were selected for further studies on YEM broth.

DNA isolation, PCR amplification and purification of PCR 
products:
Total genomic DNA of each strain was extracted from bacterial 
cells grown in YEM broth until late exponential phase (109 cells 
ml-1). Extraction of DNA was performed by a standard protocol 
(Appunu and Dhar, 2008). Purified DNA was dissolved in 10 mM 
Tris-HCl buffer containing 1 mM EDTA (pH 8.0).PCR reaction 
was carried out in final volume of 25 µl reaction mixtures con-
taining 12.5 µl PCR master mix (Fermentas, USA), 1 µl of each 
primer (10 pM) of Operon USA, 1 µl  (50 ng) genomic DNA and 
9.5 µl sterilized water. The forward primer (5’GGAGAGTTA-
GATCTTGGCTC3’) and reverse primer (5’CACCGCTACACCAG-
GAATTC3’) of Operon, USA were used to amplify nearly 650 bp 
of 16S rRNA genes. Amplification was done by using a standard 
temperature profile, in a Thermo cycler, GeneAmp PCR System 
2720 (Applied Biosystem, USA), including initial denaturation 
at 940C for 1 min, annealing at 570C for 1 min, and extension 
at 720C for 2 min, and a final extension at 7 min. The Amplified 
products were visualized on 1.5% of agarose gel. 

Restriction digestion of 16S rDNA:
The amplified products of 16S rDNA regions of G-567 parent, 
tetrvr (tetracycline-resistant, virus-resistant) and knrvr (kanamy-
cin-resistant, virus-resistant) were digested completely with five 
restriction enzymes (Fermentas, USA) independently, i.e., DdeI, 
infI, HpaI, NdeI and TaqI following the manufactur’s instructions. 
The resulting DNA fragments were separated by horizontal gel 
electrophoresis on 2.5% agarose gel.

Field trail for evaluation of symbiotic effectiveness of mu-
tant strains:
A trail was conducted at Agriculture farm, BHU main campus 
during Nov., 2012.One chickpea variety (Radhe) procured from 
the Department of Agronomy, Institute of Agricultural Scienc-
es, Banaras Hindu University, Varanasi, was used in this study. 
Treatment consisted of five chickpea Rhizobium strains (G-567 
parent, knr, tetr, knrvr and tetrvr), 60 kg N2/ha and un-inoculated 
control. Field layout was in randomized block design having plot 
size (3x1.8 m2 with 6 rows of 30 cm apart) with four replications. 
Data pertaining to nodule number, nodule dry weight, plant dry 
weight and nitrogenase activity (µ mol C2H2 production g-1 nod-
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ule h-1) were recorded after 45 days and grain yield data was 
collected at the time of harvest. For plant dry weight each plant 
was kept separately in a paper bag and dried at 600C.

Nitrogenase Activity:
Nodulated plants were collected from each plot after 45 days of 
sowing. Nodules from each plant were freshly placed in 30 ml as-
say flask, incubated with 10% acetylene for 1 h. 0.5 ml gas sam-
ple of each flask was analyzed through Gas Chromatograph (Nu-
con, model 5765) equipped with hydrogen flame detector. The 
values were expressed as µ mol C2H2 production g-1 nodule h-1, 
calculated as follows:

Stastistical Analysis:
Standard statistical procedure was followed for the analysis of 
data (Gomez and Gomez, 1984). Means were compared using 
critical difference.  

RESULTS
The chickpea Rhizobium strains G-567, sensitive to rhizobi-
ophage RC-1, formed distinct colonies reaching a diameter of 2.6 
mm after 5 days of inoculation on YEM agar plate. In the pres-
ence of dye congo-red, it formed white opaque, compact, dome 
shaped colonies (Fig. 1). Rhizobial colonies gave alkaline reac-
tion on YEM+BTB plates by the changing colour of agar medium 
from green to blue. Growth kinetics of the Rhizobium strain was 
studied in YEM medium. The generation time calculated was 
10.0 h. 

The rhizobiophage RC-1 produced clear plaques on Rhizobium 
strain G-567 when plated by double agar layer method. Homog-
enous plaques appeared in bacterial lawn within 48 h and had 
distinct morphology, showing central hallow and hazy margin 
(Fig. 2). Plaques attained 2.5 mm diameter after 3 days of incu-
bation at 280C.

Antibiotic sensitivity of the rhizobial strain was determine in 
medium containing different concentration of kanamycin (25, 
50, 75, 100, 150, 200, 500, 600 and 700 µg/ml) and tetracycline 
in (5, 10, 20, 25 and 30 µg/ml). Growth of the strain was inhib-
ited with increasing concentrations of the antibiotics. No growth 
was observed at 50 µg/ml concentration of kanamycin (Fig. 3). 
The strain was found highly sensitive to tetracycline, since its 25 
µg/ml concentration was found lethal (Fig. 4). Mutants resist-
ant to kanamycin (200 µg/ml) and tetracycline (25 µg/ml) were 
isolated independently by plating high population of strain with 
lethal concentrations of the concerned antibiotics. Out of 2.16 
× 1010 viable cells (CFU/ml) plated, only 82 and 70 colonies ap-
peared on plates having 200 µg/ml kanamycin and 25 µg/ml 
tetracycline, respectively. The mutants were raised spontane-
ously with an approximate frequency calculated to be 3 x 10-9. 
Both of the isolated antibiotic resistant mutants produced simi-
lar types of colonies as parent on agar medium. Both antibiotic 
resistant mutants showed sensitivity to phage RC-1 and formed 
plaques similar as to that of the parent strain. Mutant resistant 
to kanamycin (knr) and tetracycline (tetr) were used for isolation 
of phage resistant clones. Phage resistant colonies were isolated 
randomly from antibiotic + phage containing plates, and colo-
nies were purified by repeated cloning. Finally mutant clones 
showing resistance to both phage and kanamycin/tetracycline 
were used for further studies.

Growth of all the three strains of Rhizobium G-567 (Parent, knrvr 

and tetrvr) were compared in YEM containing lethal concentra-
tions of antibiotics and phage. Both mutants (knrvr and tetrvr) 
showed growth only in the presence of respective antibiotics and 
phage (Fig.5). In the presence of phage, parent strain was unable 
to grow whereas the growth of knrvr was better than tetrvr.

Effect of carbon and nitrogen sources on growth of parent and 

derived phage resistant mutants was studied in synthetic me-
dium. Growth in different carbon sources (arabinose, glucose, 
sucrose, maltose) was compared with mannitol (1 gl-1). Parent 
and tetrvr mutant showed almost parallel growth as in mannitol. 
Both mutants tetrvr and knrvr grew better in arabinose compared 
to other carbon sources. Mutant tetrvr exhibited highest growth 
in arabinose and lowest in sucrose. (Fig. 6).

Growth rate of parent, knrvr, and tetrvr was also compared in dif-
ferent nitrogen sources (Na-glutamate, NaNO3, KNO3, (NH4)2SO4 
and Urea). Growth of these strains was distinctly different in in-
organic nitrogen sources than Na-glutamate (Fig. 7). Parent and 
knrvr strains were unable to grow in nitrite medium while tetrvr 
strain grew well. Strain tetrvr utilized all tested nitrogen sources 
for its growth. Mutant tetrvr exhibited highest growth rate in ni-
trate medium compared to other n-sources. Growth of parent 
and knrvr mutant was comparatively less in presence of inorgan-
ic than organic (sodium glutamate) nitrogen.

The genomic DNA of parent and its derived mutants (knrvr and 
tetrvr) was extracted and amplify by PCR using forward and re-
verse primers of 16S rDNA. The amplified products, as visualized 
in agarose gel, yielded single band of nearly 650 bp (Fig. 8). The 
resultant PCR product was digested separately with five restric-
tion enzymes (DdeI, HinfI, HpaI, NdeI and TaqI). Only three en-
zymes (HinfI, HpaI and TaqI) were able to digest the amplified 
16S rDNA of these rhizobial strains. HinfI was unable to digest 
the 16s rDNA region of smrvr whereas TaqI enzyme did not cut 
the 16S region of both parent and mutant knrvr. Only HpaI was 
able to digest the 16S rDNA amplified region of all the three 
strains. All digested bands were polymorphic in nature. Total 
26 bands were observed by the 16S rDNA RFLP analysis which 
showed that Jaccard similarity coefficient between mutants 
(tetrvr and knrvr) was 0.57, whereas it had 0.36 between parent 
and both mutants. (Fig. 9).

A field trail was conducted to determine symbiotic effectiveness 
of Rhizobium strain G-567 and its four derived mutants (knr, tetr, 
knrvr and tetrvr) along with an N-treatment (40 kg Nha-1) on the 
chickpea cultivar, Radhe. (Table. 4). Nodulation data (45 days) 
revealed significant response of Rhizobium strain inoculation on 
both chickpea cultivars. Plant growth and close-up view of root 
system bearing nodule formed by parent and derived phage-
resistant mutants are shown in (Fig 10 and 11).  Nitrogenase 
activity in plant – nodules taken from different treatments was 
determined by gas chromatography. Data on acetylene reduction 
activity (ARA) by nodules has been expressed in (Table. 5). Simi-
lar to parent, both phage resistant mutants interacted specifi-
cally with the chickpea cultivar. The analysis of variance showed 
that effect due to strains was significant for all symbiotic param-
eters on chickpea cv. Radhe (Table 3). Both phage resistant mu-
tant strains derived from antibiotic resistant parent produced 
significantly higher nodule dry weight, nodule nitrogenase activ-
ities plant-1, plant dry weight and seed yield, as compared to the 
parent strain G-567 and un-inoculated control (Table 2). Phage 
resistant mutant tetrvr showed highest (110%) nodule nitroge-
nase activities followed by knrvr (92%) and tetr (83%), as com-
pared to the control. In terms of seed yield, strain tetrvr (1287) 
was at par with 40 kg N ha-1 treatment (1278), which is approxi-
mately 14% higher than un-inoculated control (Table 4).

DISCUSSION
In the present investigation a phage indicator chickpea Rhizo-
bium strain G-567, producing homogenous colonies on YEM 
plate and displaying a doubling time 10 h was used for isolation 
of genetically marked phage resistant mutants. This strain be-
longs to slow growing species of Rhizobium nodulating chickpea 
(Amarger, 2001), unlike fast growing chickpea rhizobia which 
were reported to produced their colonies every 2-5 days and 
have generation time less than 6 h. Strain G-567 gave alkali re-
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action in YMA plate containing bromothymol blue which is in 
agreement with the report of Fred et al. (1932) and Noris (1965) 
that slow growing rhizobia produce alkali while the fast growing 
produced acid. Survival of applied rhizobia on seed and nodula-
tion in the field is generally more effective when applied as solid 
based inoculants. When regulation exists, minimum standards 
at the time of inoculants expiry are 106 to 108 cells g-1 of inocu-
lants. The most widely accepted standard for numbers of rhizo-
bia per seed are 1000. Burton has recommended 1000 for fast-
growing rhizobia and 100,000 for slow-growing rhizobia. The 
safest quality standards could be applied to inoculated seeds, 
where 105 rhizobia per large seed (e.g., soybean, lupin), 104 rhizo-
bia per medium seed (e.g., Mungbean, pigeonpea) and 103 per 
small seed (e.g., clover, siratro) are required.

As according to a report from Stowers (1985), rhizobia are 
chemo-organotrophs that have long been known as being able 
to utilize a variety of carbon and nitrogen compounds for their 
growth. Strain G-567 and its mutants exhibited the ability to uti-
lize all five tested carbon sources but they were able to utilize 
monosaccharide more as compared to disaccharide which sup-
port the result reported by Chakrabarti et al.(1981) and Stowers 
and Eaglesham (1984).This suggests that isolation of slow grow-
ing rhizobial strain from Cicer arietinum utilizes disaccharide 
hydrolytic enzyme and uptake systems similar to those reported 
for the fast growers (Glenn and Dilworth, 1981) which metabo-
lize a wider variety of carbohydrates than slow growers (Am-
arger, 2001). Besides sugars, all derived mutants of strain G-567 
utilized nitrate, ammonium, urea and nitrite as a sole source of 
nitrogen for their growth which supported the result of Amarger 
(2001) that rhizobia can use nitrate, ammonium or amino acid 
as sole source of nitrogen, while rhizobia isolated from stem 
nodules of Sesbania rostrata utilized nitrogen for growth (Drey-
fus et al., 1998).

The RFLP analysis with five restriction enzymes of 16S rDNA re-
gions of the genome of parent and antibiotic marked phage re-
sistant mutants (kanrvr and tetrvr) was capable to diversify all the 
derived mutants and proved to be a useful method for grouping 
the isolates (Alexander et al., 2006). This rather provides a rapid 
tool for identification of root nodule isolates and the detection 
of new taxa. It is, thus, a potent tool for determination of their 
known relatives (intra-species) (Laguerre et al., 1994). 

The symbiotic effectiveness of parent and all its derived mutant 
clones was tested with chickpea cultivar under field conditions. 
The study between chickpea cultivars and the different clones 
of a rhizobial strain indicates the existence of considerable host 
cultivar specificity. All six treatments (G-567 parent, knr, tetr, 
knrvr, tetrvr and 40 kg Nha-1) showed significant symbiotic effec-
tiveness with both chickpea cultivars (in relation to yield). The 
results clearly indicate that nodule number did not bear signifi-
cant correlation with nodule dry weight, plant dry weight, Acety-
lene Reduction Activities (ARA) and yield, which support the re-
port of Somasegaran and Hoben (1994) that nodule number is a 
less reliable indicator for clone effectiveness in legume host crop 
in general.

The effectiveness of the kanamycin and tetracycline resistant 
mutants was not as same as its parent with cultivars. It possess-
es significant symbiotic effectiveness with the chickpea cultivar 
Radhe with respect to yield and other used symbiotic characters. 
Antibiotic resistant mutants derived from both fast and slow 
growing rhizobia have been reported to exhibit variable symbi-
otic effectiveness and also competitive ability (Schwinghamer, 
1967; Kowalska, 1971; Pankhurst, 1977; Pain, 1979; Bromfield and 
Jones, 1980; Sindhu and Dadarwal, 2001).

Symbiotic effectiveness of the antibiotic – marked phage resist-
ant mutants (knrvr and tetrvr) showed significant variations in 

their effects noted with the chickpea cultivar, Radhe, as compare 
to the parental strain inoculation. The knrvr and tetrvr mutants 
were found superior to the parent strain in term of symbiotic pa-
rameters which in contrast to the results reported by Krassilnik-
ov (1941) and Kleczkowska (1971) that phage resistant mutant 
was ineffective or partially effective (Patel, 1978). The results of 
the present investigation clearly indicates that the genetically 
marked phage resistant mutant (kanrvr and tetrvr) derived from 
phage sensitive chickpea Rhizobium strain G-567 had significant-
ly higher symbiotic effectiveness compared to parent, indicating 
that acquisition of phage resistance character by a mutant may 
improve the symbiotic effectiveness of the strain with their host.
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