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Phenotypic and genotypic diversity of rhizobia isolated from root and soil rhizosphere of
summer mungbean was assessed on the basis of plant growth promoting traits and using
RAPD primers. In present studies, isolates of rhizobia from nodules were purified on
Congo red Yeast Mannitol Agar (CRYEMA) medium from summer mungbean growing
areas of Punjab state, India. Slow and fast growing colonies of rhizobial isolates were
selected on Bromo Thymol Blue (BTB) supplemented with YEMA medium. Among five
RAPD primers used in present study, two of the primers RAPD-4 and RAPD-5 showed
maximum number of detectable bands. Highest polymorphism detected with RAPD-5
during PCR amplification. Cluster analysis divided rhizobial isolates into five distinct
groups. The data depicts that although the growth promoting parameter i.e. Indole acetic
acid (IAA) production, phosphate solubilization were very promising in LSMR-1, LSMR-
5, LSMR-8, LSMR-9, LSMR-19 and LSMR-23 but they were genetically diverse and fall
under different groups of cluster analysis. Whereas, LSMR-1 and LSMR-5 showed a very
close relation isolated from same native rhizosphere. The assessment of genetic diversity is
a prerequisite and important step for the improvement of any legume crop. It is concluded
that significant genetic diversity in rhizobial strains exists with respect to their efficiency
for IAA production and P-solubilization.

Introduction

Summer Mungbean (Vigna radiata L.
Wilczek.), like most legumes is able to fix
atmospheric  nitrogen through symbiotic
association with compatible Rhizobium.
Summer mungbean occupies an estimated
area of about 50.0 thousand hectares with an
average yield of 4.45 g/acre (Anonymous,
2014) in Punjab as summer season crop.
Inclusion of short duration legumes like
summer mungbean in rice-wheat system can
play an important role in sustaining soil

fertility and crop productivity. Symbiotic
nitrogen fixation (SNF) is a result of intimate
mutualistic relationship between the root
nodule bacteria and host plant. Rhizobium
inoculation can be demonstrated in summer
mungbean as  sustainable, environment
friendly agro-technological practice. Most of
these bacterial species are in the Rhizobiace
family in the alpha- proteobacteria and are in
either the Rhizobium, Mesorhizobium and
Bradyrhizobium genera (Weir, 2012). To
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obtain efficient nodulation and nitrogen
fixation, it is important to know the
predominant types of rhizobial strains present
in soil and assess their functionality traits for
improvement in symbiotic efficiency and
yield improvement in summer mungbean.

Native legumes are potential sources of
diverse indigenous rhizobial population.
Various phenotypic and genotypic
methodologies are being used to characterize
bacteria (Rai et al., 2012). Although
phenotypic methods play a significant role in
identification but the molecular methods are
more reliable and authenticated to study
genetic diversity of bacterial isolates (Fetyan
and Mansour, 2012). Negligible reports on the
molecular diversity of rhizobia infecting
legumes of Indian origin and particularly
summer mungbean are available (Mclnnes et
al., 2004). Studies on the molecular diversity
of root nodule bacteria in rhizosphere, soil or
nodules have been conducted to properly
classify rhizobia and also to correlate with
promiscuity, symbiotic properties,
effectiveness and competitiveness of these
bacteria in different legumes but no
conclusion has been drawn finally (Chen et
al., 2003; Rosenblueth et al., 2004; Safronova
et al., 2004). Molecular technigues based on
the polymerase chain reaction (PCR) are very
convenient for characterization, because they
are rapid, simple and discriminative. PCR has
been found wuseful for rhizobial strain
differentiation using GC-rich oligonucleotide
RAPD primers (Sajjad et al., 2008).

Earlier workers (EI- Hady et al., 2010;
Bhuyan et al., 2014) have reported that DNA
markers have many advantages over
morphological markers. For simple, efficient
and economic way of strains identification
and diversity analysis RAPD-PCR based
DNA fingerprinting has widely used
(Gherardi et al., 1998). RAPD markers have
advantage that they are random and do not

require any prior sequence information for
implementation. RAPDs are generated by
PCR amplification wusing single, short,
synthetic, random oligonucleotide as primers
that acts both as forward as well as reverse
primer (Yadev et al., 2014). RAPD analysis
can be mostly used to reveal genetic
relationship between genotypes of a species
(Bhuyan et al., 2014). DNA markers such as
RAPD provide a direct measure of rhizobial
genetic diversity.

This work aimed to analyze the diversity of
rhizobia collected from different locations of
Punjab using morphological, biochemical and
functional tests and to characterize the genetic
relationship among twenty three rhizobia of
summer mungbean with respect to RAPD
markers. In order to measure of genetic
diversity of rhizobia and go beyond diversity
based on the optimization of SNF associated
with multifarious PGP traits for Dbetter
management and develop more efficient
strategies for crop improvement in different
areas of Punjab, India.

Materials and Methods

The present study was conducted in the Pulses
Research Microbiology Laboratory,
Department of Plant Breeding and Genetics,
Punjab Agricultural University, Ludhiana
with reference culture M1.

Isolation of Rhizobial cultures

Rhizobial cultures were isolated from
rhizospheric soil and root nodule samples
collected from summer mungbean (Vigna
radiata L. Wilzek.) growing areas of Punjab
(Table 1). Isolation of rhizobial cultures was
done according the method of Vincent, 1970.
Pure culture of single white, opaque, gummy
and translucent colonies with entire margin
were obtained and maintained by repeated
streaking on Yeast Extract Mannitol Agar
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medium (YEMA) at 15 days intervals for
further studies.

Growth on Bromothymol blue (BTB) agar
medium for differentiation

To differentiate  Bradyrhizobium  from
Rhizobium, cultures were streaked on BTB
agar plates made by adding 5 ml of 0.5%
BTB in ethanol (0.5g 100mI™) to 1 litre of
YEMA medium with incubation of 2-10 days
at 28+2°C. Change in the colour of medium
(blue) for rhizobial isolates classified as slow
growers and yellow for the fast growers
(Somasegaran and Hoben., 1994).

Morphological and biochemical studies of
rhizobial isolates

Morphological characterization was done
according to Somasegaran and Hoben, 1994
on the basis of colony morphology including
shape, colour, surface margin and gram-
staining reaction. Collected strains were also
biochemically screened using following tests:
Oxidase, Catalase, Citrate utilization, Methyl
Red (MR), Voges-Proskauer (VP), Urease
and Nitrate reduction tests as described by
Cappuccino and Sherman (1992).

Multifunctional Plant Growth Promoting
(PGP) traits of summer mungbean rhizobia

IAA production

Characterization of rhizobial cultures for the
production of IAA was carried out as
described by Gordon and Weber (1951).
Rhizobium cultures were grown in YEM broth
supplemented  with  0.01% tryptophan
separately and incubated for 3 days at
28+2°C.

Exponential phase cultures were centrifuged
at 10,000 rpm for 20 minutes. Two drops of
orthophosphoric acid were added to the

supernatant (2 ml). Further 4 ml of the
Salkowski reagent (1 ml of 0.5 M FeCl; in 50
ml of 35% HCIO,) were added to 2 ml of
supernatant and incubated for 20 min at room
temperature in order to develop pink colour.
Absorbance was measured at 535 nm. IAA
concentrations ~ were  determined by
comparison with standard curve.

Assay for Phosphate (P) solubilization in
summer mungbean rhizobia

Qualitative estimation

P solubilization ability of different Rhizobium
and Bradyrhizobium isolates were determined
qualitatively by streaking the strains on
Pikovaskaya’s and NBRIP  (National
Botanical Research Institute’s Phosphate
growth medium) media (Arora 2007).
Presence of yellow clear halo zone around
bacterial growth after 5-7 days incubation
period at 28+2°C was used as indicator for
positive P solubilization (Nautiyal, 1999).
Phosphate solubilization index (PSI) was
calculated by using following formula:

PSI Index= A/B

Whereas, A= Total diameter (colony + halo
zone); B= Diameter of colony.

Promising P solubilizers were further tested
for quantitative phosphate solubilization.

Quantitative measurement

For this study sterilization of 100 ml of
Pikovaskaya’s broth dispensed in each 250 ml
conical flasks with 0.1g P,Os of tri-calcium
phosphate (TCP) was done. The flasks were
inoculated with 1 ml suspension of overnight
grown culture and incubated at 28+2°C for 15
days. Presence of yellow colour after addition
of 1ml of ammonium molybdate (AM) and
ammonium vandate (AV) in equal ratio to
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culture supernatant confirmed phosphate
solubilizing activity  and measured
spectroscopically (Elico UV-VIS
spectrophotometer) at 420 nm after 25
minutes incubation for quantitative estimation
of phosphate solubilization (Jackson., 1973).
The values were calculated with the help of
standard curve made of 5 ppm KH,POy,,

Molecular characterization of rhizobial
isolates using RAPD primers

Rhizobium and Bradyrhizobium sp. isolated
from summer mungbean rhizosphere was
characterized at molecular level by using
RAPD primers. Genomic DNA of different
Rhizobium sp. and Bradyrhizobium sp. was
extracted by alkaline lyses method of
Sambrook et al., 1989.

PCR amplification and gel electrophoresis

Quantification of DNA was carried out by
using agarose gel electrophoresis. DNA was
visualized under UV light and diluted in
appropriate amount of TE buffer to yield a
working solution and stored at -20°C.

PCR amplification of the rhizobial genomic
DNA was carried out using five RAPD
primers. The PCR reaction was performed in
20 pl reaction mixture containing 4 pl of taq
polymerase buffer, 2 pl MgCl, 0.8 pl dNTP
mix, 2 pl RAPD primer, 0.3 ul taqg DNA
polymerase enzyme, 2.5 pl of template DNA
(40 ngul™) and 8.4 pl of double distilled
water and reaction mixture was overlaid with
two drops of mineral oil, incubated for 5 min
at 94°C for initial denaturation and then
amplified for 35 cycles consisting of 1 min at
94°C, 1 min annealing temperature at 31°C for
[RAPD-1(5’"GGTGCGGGAA’3) and RAPD-
5(5’AAGGCGGCAG’3)] or 29°C for [RAPD-
2 (5’'GTTTCGCTCC’3), RAPD-3 (544
GAGCCCGT’3) and RAPD-4 (5°'4AAG
GCTCGAC 3)] was found to be optimized for
generating clear and reproducible bands for

RAPD primers and 72°C for 2 min followed
by 10 min incubation at 72°C with a 4°C
holding temperature. DNA ladder of 1kb size
was loaded on both or either side of the gel to
calculate the size/molecular weight of the
polymorphism DNA fragments. Samples were
run for electrophoresis in agarose gel tank for
approximately 2h at 50 volts.

After electrophoresis, the amplified products
were viewed under ultraviolet
transilluminator and photographed using the
Alpha-Innotech Gel Documentation System.
Out of five primers two primers RAPD-4 and
RAPD-5 have maximum number of scorable
bands. All visible and un-ambiguously
scorable fragments amplified by primers were
scored under the heading of total scorable
fragments.

Statistical data analysis

Multivariate analysis was conducted to
generate a dissimilarity matrix using DAR
win software(17), version 5.0.158 based on
un-weight paired group of arithmetic means
averages (UPGMA) to estimate genetic
distance and relatedness of rhizobial strains.

Results and Discussion

Morphological and Biochemical studies of
isolated summer mungbean rhizobia

Twenty three Rhizobium sp. were isolated
from different soil and nodule samples of
summer mungbean rhizosphere (Table 1). Out
of 23 rhizobial isolates, 18 viz. LSMR-1,
LSMR-2, LSMR-3, LSMR-4, LSMR-5,
LSMR-6, LSMR-7, LSMR-8, LSMR-9,
LSMR-11, LSMR-13, LSMR-16, LSMR-17,
LSMR-19, LSMR-20, LSMR-21, LSMR-22,
LSMR-23 and M1(reference) turned the yeast
extract mannitol agar medium supplemented
with bromothymol blue (BTB) dye from
green to yellow showing as acid producers
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(Plate 1) i.e. fast growing rhizobial isolates
showed sufficient growth and more gum
production having a mean generation time of
24-36 h. Other 5 rhizobial isolates (LSMR-10,
LSMR-12, LSMR-13, LSMR-14 and LSMR-
18) changed the colour from green to medium
blue due to alkali production and categorized
as slow grower rhizobial isolates with
sufficient growth but less gum production,
having a mean generation time of 36-48 h
(Plate 1). The colonies obtained were gummy,
translucent and circular with entire or smooth
margins and Gram negative, rod shaped as
revealed by Gram’s staining technique.

YEM-BTB medium used for categorizing
indigenous legume root nodulating as fast and
slow growing rhizobia based on acid/ alkali
production supported by Harpreet et al.,
(2012) and Deka and Azad, (2006). Similarly
Maruekarajtinplenga et al., (2012) reported
about two types of slow growing rhizobia
with respect to duration of incubation period.

On the basis of biochemical test, all the
rhizobial isolates were found to be positive
for Oxidase, Urease, Citrate utilization,
Nitrate reduction and Catalase activities and
negative for Methyl Red (MR), Voges-
Proskauer (VP) and Urea hydrolysis tests.
Reliable identification of specific rhizobial
isolates is necessary for the study of their
symbiotic association with legumes.

The results of present studies are well
coherent with findings of Shahzad et al.,
(2012) observed that Rhizobium meliloti
isolated from root nodules of alfa alfa showed
negative tests for Methyl Red (MR), Voges-
Proskauer (VP), Indole, Citrate utilization test
and Urea hydrolysis tests.

Moreover, Zohra et al., (2016) found positive
Oxidase and Catalase test for fast growing
rhizobial strains isolated from wild chickpea.

Screening of rhizobial isolates for

multifunctional Plant Growth Promoting
(PGP) traits

Indole acetic acid production (I1AA)

All the Rhizobium and Bradyrhizobium
isolates were tested for their ability to produce
IAA both in the presence and absence of
precursor L- tryptophan (Table 2). Significant
differences were found among isolates in their
ability to produce IAA. A low amount of IAA
was produced by all the isolates in the
absence of L-tryptophan, which ranged from
1.04-8.25 pgml™. In the presence of L-
tryptophan the amount of IAA produced by
all rhizobial isolates ranged from 1.35-16.04
ugml™. Significantly high IAA was produced
by fast growing Rhizobium sp. LSMR-
19(16.04+ 0.231ugml™) followed by LSMR-
5(15.85+0.352ugml™), LSMR-1
(14.65+0.629ugml™) and LSMR-23
(13.70+0.289 pgml™). Minimum amount of
IAA was produced by Bradyrhizobium sp.
LSMR-12(1.35£0.058 pgmi-1 of 1AA) in the
presence of L-tryptophan.

Our work is well supported by the work of
Kumar and Ram, (2012) who showed that
Rhizobium strain isolated from root nodules
of five cultivars of Vigna trilobata produced a
maximum of 80.96 pugml™ of IAA. Appunu et
al., (2009) also reported that in presence of L-
tryptophan nearly 9% of slow-growers and
10% of fast growers synthesized 1AA. Study
of Zahir et al., (2010) in mungbean showed
that rhizobial isolates varied widely in
increasing level of L-tyrptaphan for
improving the growth and yield of mungbean.

P- solubilization by summer mungbean
rhizobial isolates

Phosphorous is major growth limiting nutrient
and unlike nitrogen, there is no large
atmospheric reservoir that can be made
biologically available. Data depicts that, 65%
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of isolates were P-solubilizers whereas
reference culture M-1 showed negative P-
solubilizing activity. P- solubilization ability
of rhizobial isolates varied as evidence by the
size of halo zone ranged from 3.5mm to 11.2
mm on Pikovskaya’s and NBRIP agar media.
According to diameter size, further one
Bradyrhizobium sp. (LSMR-10) and six
Rhizobium sp. (LSMR-1, LSMR-5, LSMR-8,
LSMR-9, LSMR-11 and LSMR-22) were
selected for further quantitative measurement.

The relative efficiency of the seven potential
isolates of Rhizobium and Bradyrhizobium
strains was studied for solubilizing TCP at
different intervals of days (3,6,9,12 and 15

days). Increasing amount of P was released by
different isolates with increasing period of
incubation till 12" day with decreasing pH
due to organic acid productions (Fig. 1). The
phosphate solubilizing activity was observed
uptol5™ day. The maximum phosphate
solubilization was observed on 12" day,
which ranged from 2.26 to 6.11 mg100ml™.
Significantly high phosphate was solubilized
by LSMR-1(6.11+0.087 mg100mI™) followed
by ~ LSMR-5(5.57+0.179  mg100ml™).
Whereas amount of low phosphate
solubilizing activity was recorded in LSMR-
9(2.7520.231 mg100ml™) followed by
LSMR-8(2.33+0.133 mg100ml™) at 12" day.

Plate.1 Differentiation of slow growing Rhizobia on BTB agar medium

a) Fast growing (Rhizobium sp.)

b) Slow growing (Bradyrhizobium sp.)

Plate.2a RAPD-PCR amplification of DNA isolated from mungbean rhizobia using RAPD-5(In
L= 1kb DNA Ladder, 1= LSMR-1, 2= LSMR-2, 3=LSMR-3, 4=LSMR-4, 5=LSMR-5,
6=LSMR-6, 7=LSMR-7, 8=LSMR-8, 9=LSMR-9, 10=LSMR-10, 11=LSMR-11, 12=LSMR-12,
13=LSMR-13 and 14= LSMR-14
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Plate.2b RAPD-PCR amplification of DNA isolated from mungbean rhizobia using RAPD-5(In
fig. L= 1kb DNA Ladder, 15= LSMR-15, 16= LSMR-16, 17=LSMR-17, 18=LSMR-18,
19=LSMR-19, 20=LSMR-20, 21=LSMR-21, 22=LSMR-22, 23=LSMR-23 and 24=M-

1(Reference culture)

J 3
v TRUT

Fig.1 Quantitative measurement of P-solubilization by Rhizobium sp. and Bradyrhizobium sp. of
summer mungbean on Pikovaskaya’s medium as a function of time

8- ZZ 3d =N 6h @z 9h = 12th zZ2 15h

P solohilization (mg100ml -1)

T - =
4= 4 =
LSMRS LSMVRS LSVRO LSVRIO LSMRI1 LSMVR2

Isolates of sumimer numgbean rhizohia
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Fig.2 Dendrogram of 24 summer mungbean rhizobia obtained from dissimilarity matrix
(DARwin — UPGMA software)
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Table.1 Location of rhizospheric soil and root nodule samples of summer mungbean

Rhizospheric soil samples Location of sample
1- 9 Manuke I, Manuke 11, Manuke 111, Manuke 1V, Manuke V,
Manuke VI, Manuke VII, Rauni I, Rauni |
Root nodule samples Location of sample
10 -23 Narinagarh I, Narinagarh I, Narinagarh 111, Ladhowal |,
Ladhowal 11, Ladhowal 111, Manuke VI1II, PAU Farm I, PAU Farm
I, PAU Farm Il PAU Farm IV, PAU Farm V, Adilabad Sangrur
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Table.2 Quantitative estimation of Indole acetic acid (IAA) production by Rhizobium sp. and
Bradyrhizobium sp. of summer mungbean in presence and absence of L-tryptophan

Isolates of Rhizobium IAA production (uImL™)

sp./Bradyrhizobium sp. isolates IAA (Trp-) IAA (Trp +)
LSMR 1 6.20+0.127 14.65+0.629
LSMR 2 6.90+0.208 7.10+0.292
LSMR 3 5.30+0.462 8.70+0.260
LSMR 4 4.65+0.277 5.60+0.375
LSMR 5 5.80+0.404 15.85+0.352
LSMR 6 3.15+0.035 3.85+0.115
LSMR 7 3.55+0.248 3.90+0.254
LSMR 8 3.70+0.312 8.35+0.231
LSMR 9 5.05+0.029 10.35+0.404
LSMR 10 4.15+0.006 8.75+0.289
LSMR 11 2.15+0.023 9.65+0.589
LSMR 12 1.04+0.017 1.35+0.058
LSMR 13 3.85+0.859 4.50£0.115
LSMR 14 3.05+0.029 6.35+0.058
LSMR 15 4.30+0.462 5.30+£0.491
LSMR 16 2.70+0.231 6.20+0.144
LSMR 17 3.21+0.052 5.05+0.231
LSMR 18 1.65+0.058 3.85+0.144
LSMR 19 5.60+0.167 16.04+0.231
LSMR 20 4.10+0.040 5.45+0.404
LSMR 21 3.60+0.058 4.41+0.139
LSMR 22 5.70+0.271 6.50+0.225
LSMR 23 8.25+0.208 13.70+0.289
M 1(Reference culture) 5.35+0.214 11.65+0.404
CD at 5% 0.73 1.43
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LSMR LSMR | LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR LSMR
Isolates 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 M1
LSMR 1 0.00
LSMR 2 0.50
LSMR 3 0.80 0.80
LSMR 4 0.71 0.75 1.00
LSMR 5 0.40 0.60 1.00 0.71
LSMR 6 0.56 1.00 1.00 1.00 0.71
LSMR 7 0.20 1.00 1.00 0.67 0.20 0.50
LSMR 8 0.20 1.00 1.00 0.67 0.20 0.50 0.00
LSMR 9 0.20 1.00 1.00 0.67 0.20 0.50 0.00 0.00
LSMR 10 0.20 1.00 1.00 0.67 0.20 0.50 0.00 0.00 0.00
LSMR 11 0.67 1.00 1.00 0.43 0.67 0.60 0.60 0.60 0.60 0.60
LSMR 12 0.43 1.00 1.00 0.25 0.43 0.67 0.33 0.33 0.33 0.33 0.14
LSMR 13 0.67 0.43 0.20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LSMR 14 0.67 0.71 0.60 0.43 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.43 0.67
LSMR 15 0.75 0.75 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LSMR 16 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LSMR 17 0.67 1.00 1.00 0.71 0.67 0.60 0.60 0.60 0.60 0.60 1.00 0.71 1.00 1.00 1.00 0.60
LSMR 18 1.00 0.60 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LSMR 19 0.67 1.00 1.00 0.71 0.67 0.60 0.60 0.60 0.60 0.60 1.00 0.71 1.00 1.00 1.00 0.60 0.00 1.00
LSMR 20 1.00 0.78 0.71 0.78 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.75 1.00 1.00 0.71 1.00 1.00 1.00
LSMR 21 1.00 1.00 0.75 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 0.50 0.60 1.00 0.60 0.71
LSMR 22 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 0.33
LSMR 23 0.60 1.00 1.00 1.00 0.60 0.00 0.50 0.50 0.50 0.50 0.60 0.67 1.00 1.00 1.00 0.50 0.60 1.00 0.60 1.00 0.50 1.00
M1 1.00 1.00 1.00 0.60 1.00 0.71 1.00 1.00 1.00 1.00 0.50 0.60 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
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Table.4 Grouping of isolates according to the dendrogram produced by DARwin software

Group Sub-group Isolates of Rhizobium sp. Location
and Bradyrhizobium sp.
G-1 la LSMR-21 Adilabad
LSMR-6 Rauni
LSMR-16 Ladhowal
1b LSMR-19 Ladhowal
LSMR-17 PAU farm
G-2 2a LSMR-10 Narinagarh
LSMR-9 Manuke
LSMR-8 Manuke
LSMR-7 Rauni
2b LSMR-5 Manuke
2C LSMR-1 Manuke
G-3 3a LSMR-12 PAU farm
LSMR-11 PAU farm
LSMR-4 Manuke
LSMR14 Narinagarh
3b LSMR-22 Manuke
G-4 4a LSMR-13 Narinagarh
LSMR-3 Manuke
LSMR-23 Sangrur
4b LSMR-18 PAU farm
LSMR-2 Manuke
G-5 S5a LSMR-20 Parbhani
M-1 Reference culture
5b LSMR-15 Ladhowal

Results are similar with the findings of Belal
et al., (2013) who observed that fast growing
Rhizobium leguminosarum isolated from faba
bean showed 7 mm zone of solubilization and
640 pgml™ of P-solubilization at 7 days of
incubation. These observations suggest that
slow grower Bradyrhizobium sp. are poor
inorganic P-solubilizers as compared to fast
grower Rhizobium sp. of summer mungbean.

Kumar and Ram, (2014) also reported,
maximum solubilization efficiency of 125%
was recorded with the strain MRR104 while it
is between 40-75% in rest of strains.

Genetic diversity analysis with RAPD-PCR
technique

Traditional methods used for distinguishing
morphological and functional traits of
rhizobial strains are frequently fail to identify
the strains within a species. So, it is necessary
to obtain a better understanding of microbial
diversity with strain identification at
molecular level. In present study, analyses of
twenty three rhizobial strains were done by
using 5 oligonucleotide RAPD primers. PCR
amplification with some primers indicated
that each primer- template yielded distinct,
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easily detectable bands of variable intensities
(Plate 2a and 2b). The bands used for
polymorphism study were those reproducible
over repeated runs with sufficient intensity to
detect presence or absence with confidence.

Out of five, two primers amplified the
genomic DNA of all the rhizobial strains,
giving 22 alleles, ranging from 250bp to 3.0
kb size. The additional alleles generated by
other three primers could not be included in
the study as amplification was not observed in
most of the strains. From these 22 alleles, 21
alleles were polymorphic between one and
other strains. Further Euclidian similarity
coefficient was estimated which ranged from
0.00 to 1.00 (Table 3).

Genotypes based on RAPD markers (Fig. 2)
revealed that all the rhizobial strains
converged into 5 distinct groups viz. G-1, G-
2, G-3, G-4 and G-5 (Table 4). Group G-1,
was further divided into two subgroups la
(LSMR-6, LSMR-16, LSMR-21) and 1b
(LSMR-17 and LSMR-19). Similarly G-2
sub- divided into 3 groups, 2a (LSMR-10,
LSMR-9, LSMR-8, LSMR-7), 2b (LSMR-5)
and 2c (LSMR-1); again G-3 sub-divided into
2 groups, 3a (LSMR-12, LSMR-11, LSMR-4,
LSMR-14) and 3b (LSMR-22). G-4 sub-
divided into 2 groups, 4a (LSMR-13, LSMR-
3, LSMR-23) and 4b (LSMR-18, LSMR-2)
and G-5 subdivided into 2 groups, 5a (LSMR-
20, M-1) and 5b (LSMR-15).

There was low degree of similarity detected
between Rhizobium sp. indicated high genetic
diversity between the strains (G-2: LSMR 1,
LSMR 5, LSMR 8, LSMR 9; G-3: LSMR 4,
LSMR 22 and G-4: LSMR 3) isolated from
Manuke location with three different groups
of clusters. Similarly, Naz et al., (2009)
reported lowest similarity coefficient (0.273)
between isolates Rkh 2 and Rkh 3, collected
from Khewra salt range and they also belong
to two different groups of clusters.

Good level of genetic diversity was observed
among rhizobial strains in present study.
Although, LSMR-21 and LSMR-6, LSMR-19
and LSMR-17; LSMR-7, LSMR-8, LSMR-9
and LSMR-10 strains of rhizobia found
genetically identical as revealed by 100%
similarity. Sajjad et al., 2008 also found
highest similarity (0.8162) between the
rhizobial strains of F-1 and L-3, lowest
similarity (0.5946) was present between L-3
and L-29. Two isolates each from PAU
(LSMR 12 and LSMR 18) and Narinagarh
farms (LSMR 10 and LSMR 14) and 1 from
Ladhowal farm (LSMR 15) were found to be
Bradyrhizobium sp. The PCR results
indicated the presence of specific bands
between 1000-1500 bp in all the isolates of
Bradyrhizobium sp. of summer mungbean.

The development of RAPD-PCR analysis
provided a new tool for investigating genetic
polymorphisms in many different organisms
and recently has been used for Rhizobium
identification and Bradyrhizobium genetic
analyses (Sajjad et al., 2008, Kang et al.,
2012).

Three Rhizobium strains (LSMR-1, LSMR-19
and LSMR-23) were found very promising
based on biochemical and multifunctional
PGP traits and were genetically diverse
showing 33 to 60% similarity. Thus the
preliminary information generated in present
study could be useful for selection of single
strain representing one genetic group for
extensive field evaluation.
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