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Abstract In order to characterize the diversity of plant
growth promoting rhizobia associated with legumes culti-
vated in Assam, 32 bacterial isolates were obtained from
the root nodules of Cajanus cajan L and Lablab purpureus
L. The isolates were investigated for their morphological,
biochemical and plant growth promoting features. The
isolates showed similar morphological features such as
creamy, white colonies, gram negative staining, rod shape
cells but showed variation in the results of biochemical
tests. In addition, the isolates produced indole-3-acetic
acid, ammonia, solubilized inorganic phosphate and
showed varied level of tolerance to acidic pH and high
salinity. Present study revealed the presence of nitrogen
fixation (nifH) gene and nodulation (nodC) gene in the
selected isolates. Restriction fragment length polymor-
phism (RFLP) analysis of 16S rDNA of the isolates and
reference strains revealed a high genetic diversity among
them. Basic local alignment search tool (BLAST) analysis
of 16S rDNA sequences revealed that isolates from Ca-
janus cajan L were phylogenetically related to
Burkholderia, Mesorhizobium, Rhizobium genera and iso-
lates from Lablab purpureus L were phylogenetically
related to Bradyrhizobium genus. The present study also
revealed the nodulation and plant growth promoting ability
of the isolates on their host plants.
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Introduction

Nitrogen is an important component of most biological
compounds such as amino acids, nucleic acids, and pro-
teins. Although 78% of earth’s atmosphere is made up of
nitrogen (N,), lack of usable nitrogen in soil is considered
as a major limiting factor in agricultural activities.
Legume-rhizobium symbiosis is an important plant
microbe interaction which plays an essential role in nitro-
gen cycle. Rhizobia are defined as nitrogen-fixing soil
bacteria capable of forming root nodules on leguminous
plants in which atmospheric nitrogen is reduced to
ammonia for benefit of the plant [1]. In legume-rhizobium
symbiosis, rhizobia supply ammonia to the plant and thus
reduce the requirement for hazardous nitrogenous fertiliz-
ers during plant growth [2]. Biological nitrogen fixation by
rhizobia provides an easy way to enhance soil fertility. A
number of factors affect legume-rhizobium symbiosis
which includes soil pH, salinity, moisture and extreme
temperatures [3]. Thus, inoculation of legume plants with
superior rhizobial strains which can tolerate the edaphic
factors such as low pH, high salinity, is being widely
practiced to increase the plant yield. Rhizobia are also
included in a group of bacteria called plant growth pro-
moting rhizobacteria or PGPR which increases the growth
of plants due to different activities. Such beneficial activ-
ities include production of plant growth substances, solu-
bilization of inorganic phosphates, production of
siderophore, ammonia, antimicrobial compounds, etc.
There have been several previous reports on plant growth
promoting activities of rhizobia in leguminous and non-
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leguminous plants [4, 5]. In addition to plant growth pro-
motion, rhizobia can produce enzymes, polysaccharides
and antibiotics [6].

Previously rhizobial diversity was studied based on
their morphological and biochemical characteristics,
however in recent years the availability of advanced
PCR-based genotyping methods has revealed the pres-
ence of many indigenous rhizobial strains in root nod-
ules of different leguminous plants. 16S rDNA, which
codes for 16S rRNA, is considered as the most authen-
ticated marker for bacterial identification. RFLP analysis
of PCR amplified 16S rDNA is a successful technique
for studying the diversity of rhizobia [7]. Direct
sequencing of 16S rDNA is also considered as an
important technique for characterizing rhizobia [8].
Traditionally, the symbiotic root nodulating bacteria
were believed to be composed of only alpha-proteobac-
teria viz. Rhizobium, Mesorhizobium, Sinorhizobium,
Bradyrhizobium, and Allorhizobium. However, during
last decade extensive rhizobial diversity study related to
beta-proteobacteria viz. Burkhoderia, Cupriavidus and
gama-proteobacteria from root nodules of different
leguminous and non-leguminous plants using advanced
PCR based methods have been reported [9].

Cajanus cajan L (pigeon pea) and Lablab purpureus
L (hyacinthbean) belong to the plant family Fabaceae.
Both the plants are important legumes cultivated for
seed and green manure in different parts of the world.
They are also used in co-cropping and intercropping
systems where they enhance soil fertility through their
symbiotic abilities [10]. Similarly to other legumes,
both plant species develop nodules on their roots, which
become populated with specific symbiotic strain(s).
Biological nitrogen fixation plays an important role in
the growth of pigeon pea plant and it was reported that
about 88% of the nitrogen in pigeon pea was fixed from
the atmosphere by biological nitrogen fixation [11].
Evaluation of diversity of indigenous rhizobial popu-
lation from the cultivated legumes of Assam can play
an important role in screening novel and effective rhi-
zobial strains which can significantly contribute in
agriculture.

The aim of the present study is isolation and charac-
terization of indigenous rhizobia associated with root
nodules of Cajanus cajan L and Lablab purpureus L plants
collected from different locations of Assam and to assess
their diversity based on different phenotypic and genotypic
methods. The present study also aims to assess the plant
growth promoting, stress tolerant and nodulation abilities
of the isolates in order to select potential isolate which can
be used as effective inoculants/biofertilizer for their
respective host plants.
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Material and Methods
Isolation of Bacteria

Fresh root nodules of C. cajan and L. purpureus plants
were collected and sterilized with 75% ethanol for 3 min
and 0.1% HgCl, for 5 min. Nodules were then rinsed,
crushed in sterile distilled water, streaked on yeast extract
manitol agar (YEMA) plates and incubated at 28 °C for
3-5 days [12]. In order to compare and confirm the phe-
notypic and genotypic traits of the isolates, Rhizobium
leguminosarum MTCC-99, Mesorhizobium thiogangeticum
MTCC-7001 and Bradyrhizobium japonicum MTCC-120
were obtained as reference strains from the Institute of
Microbial Technology (IMTECH), Chandigarh, India.

Phenotypic and Biochemical Characterization

All the isolates were investigated for their phenotypic and
biochemical characteristics. For phenotypic study, the
isolates were inoculated on YEMA plate and after three
days of incubation, colony morphology of the isolates
including size, color, shape were observed and gram
staining was performed [1]. The isolates were also inves-
tigated for eight different biochemical tests, ketolactose,
catalase, oxidase, nitrate reduction, starch hydrolysis,
urease, citrate utilization and gelatin liquefaction as per
Bergey’s manual of Determinative Bacteriology by fol-
lowing standard procedure [13].

Salt and pH Tolerance

The isolates were streaked and incubated on three different
YEMA plates adjusted with three different concentration of
NaCl (1.0, 2.0 and 3.0%) and three different pH (4.0, 5.0,
6.0) to determine their capability to grow in salt stress and
acidic pH [14, 15]. Growth of isolates on standard YEMA
media (pH-7.0; NaCl-0.1%) was used as control.

Plant Growth Promoting Activities

The ability of the isolates to solubilize inorganic phosphate
was detected by spotting the isolates on Pikovskaya’s agar
plates [16].The plates were observed for the formation of
halo zone around the spot of inoculation. The diameter of
solubilization zone is compared with colony diameter and
the efficiency was expressed in terms of phosphate solu-
bilization efficiency% or PSE% (solubilization diame-
ter/colony diameter x 100). The isolates were also tested
for their production of indole-3-acetic acid (IAA) on YEM
broth medium [5]. To observe IAA production, isolates
were incubated on YEM broth medium supplemented with
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L-tryptophan (0.1%) for 24 h. Supernatant of the isolates
were collected and transferred separately to a fresh tube to
which 4 ml of Salkowski(‘s) reagent (1 ml of 0.5 mM
FeCl; in 35% HCIO,) was added. Mixtures were incubated
at room temperature for 25 min and the production of IAA
was observed spectrophotometrically by measuring the
0O.D. at 540 nm. The amount of IAA produced by the
isolates was determined by comparing the data with a
standard graph prepared by measuring the O.D. with dif-
ferent concentrations (10-100 pg/ml) of IAA [17]. For
determining the ability of isolates to produce ammonia, the
isolates were inoculated in peptone broth media and incu-
bated for 48 h. Nessler(‘s) reagent was added to the grown
bacterial culture and change in colour was observed [18].

Nitrogen Fixation (rifH) and Nodulation (nodC)
Gene Amplification

Genomic DNA extraction of the isolates was performed
using the standard Phenol—chloroform extraction procedure
[19]. Primers used for nifH gene amplification reaction
were zehrf- 5"TGCGACCCAAAAGCAGA3' and zehr-
5'AAAGCCATCATCTCACC3' [20]. Amplification was
performed with a total volume of 50 pl containing genomic
DNA (30 ng), dNTP’s (2.5 mM), primers (10 pmol), PCR
buffer (10x), Taq polymerase (1.5 U) and nuclease free
water. The reaction conditions were, initial denaturation at
95 °C for 5 min, denaturation at 94 °C for 30 s, annealing
at 58 °C for 30 s, extension at 72 °C for 45 s (30 cycles)
and then final extension at 72 °C for 7 min. PCR amplifi-
cation of nodC gene was carried out with primers
nodC1- 5YGCCATAGTGGCAACCGTCGT3' and nodC2-
5'TCACTCGCCGCTGCAAGTC3' [5]. Composition of
PCR reaction mixture and reaction condition for amplifi-
cation of nodC gene is similar to nifH gene amplification
except the annealing temperature (56 °C for 30 s).
Amplified products of nifH and nodC genes were resolved
on 1.5% agarose gel and documented in gel documentation
system.

PCR-RFLP Analysis of 16S rDNA

Primers used for 16S rDNA amplification were 27f-
5’AGAGTTTGATCATGGCTCAG3' and 1492r-
5’ACGGATACCTTGTTTACGACTT?' [21]. Composition
of PCR reaction mixture for 16S rDNA amplification is
similar to nifH gene amplification. Amplifications were
carried out with the following temperature profile, initial
denaturation at 95 °C for 5 min, denaturation at 94 °C for
1 min, annealing at 55 °C for 1 min, extension at 72 °C for
2 min (30 cycles) and then final extension at 72 °C for
7 min. PCR amplified products were digested with
restriction enzyme Alul [7] and the RFLP patterns obtained

from the digestion were observed on 2% agarose gel. A
simple matching coefficient was calculated to construct a
similarity matrix and the UPGMA (Unweighted Pair
Grouping with Mathematic Average) algorithm was used to
perform hierarchical cluster analysis and to construct a
dendrogram by using NTSYS-pc package [22].

16S rDNA Sequencing and Analysis

The PCR amplified 16S rDNA region of the isolates was
sequenced with 3500 Genetic Analyzer at Genomics and
DNA Bar-coding Lab, Department of Biotechnology,
Assam University. The quality of the sequences was
assessed and edited using BioEdit program [23]. NCBI-
BLAST analysis was carried out with the 16S rDNA
sequences of the isolates to determine their closest relatives
and to predict their identity.

Assessment of Plant Growth

Seeds of C. cajan and L. purpureus were surface sterilized by
gently shaking it in 70% ethanol for 2 min and HgCl, for
3 min. The bacterial isolates were grown in YEM broth
medium at 28 °C for 3—5 days (10® CFU/ml) and inoculated
on the emerging seedlings of their original hosts. Seeds were
sown in plastic pot containing vermiculite-quartz sand
mixture and moistened with nitrogen free nutrient solution at
regular intervals. The treatment was carried out in triplicate
(three plants per pot) and nine plants were considered for
each isolate. Uninoculated plants were kept as control. The
plants were harvested after 45 days of planting and their
vegetative parameters were measured. The experiment was
performed in a completely randomized design with three
replications. The parameters evaluated were presence and
absence of nodules, shoot and root height, shoot and root dry
weight. Statistical Analysis of Variance (ANOVA) was
carried out to identify significant difference in each vegeta-
tive parameter between treated and control at 5% signifi-
cance level by using SPSS 16.0 software.

Results and Discussion
Phenotypic and Biochemical Characterization

In the present study, a total of 32 bacterial isolates were
obtained from the root nodules of the two plant species
collected from 6 different sites of Assam. The isolates and
reference strains showed white, creamy, raised colonies on
YEMA media and colony size of the isolates were 1-3 mm
in diameter after 4-5 days of incubation. Microscopic
examination revealed that most of the isolates were Gram
negative and rod shaped. Similarity phenotypic features of
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isolates and reference strains confirm the close relationship
among them. However, the isolates showed variation in
their biochemical characteristics. Most of the isolates
showed positive result for catalase, oxidase; negative
results for Ketolactose, starch, gelatin and variable results
for nitrate, urease and citrate tests (Table 1). Based on the
results of morphological, microscopic, biochemical fea-
tures and their comparison with reference strains 20 iso-
lates (10 isolates from each plant) were selected for further
study. Out of 20 selected isolates, 9 isolates showed sim-
ilarity with R. leguminosarum MTCC-99 and M. thio-
gangeticum MTCC-7001, 7 isolates showed similarity with
B. japonicum MTCC-120 and 4 isolates showed no simi-
larity with the reference strains in their biochemical
features.

Salt and pH Tolerance

Soil pH and salinity play an important role in limiting the
growth of microorganisms. Isolation and characterization

of indigenous rhizobial strains which can tolerate acidic pH
and high salinity can play an important role in selection of
superior rhizobial strain. Isolates from both plant species
grew well at pH 6, showed variable growth at pH 5 but
were unable to grow at pH 4 (Table 2). Similar to the
present study, Choudhury et al. [24] reported the presence
of acidic pH tolerant Rhizobium strains from different
legumes cultivated in lower Brahmaputra valley of Assam.
In salinity tolerance test, most of the isolates grew well at 1
and 2% NaCl but were unable to grow at 3% NaCl
(Table 2).

Plant Growth Promoting Activities

Plant growth promoting microorganisms play a key role in
the growth and nutrition of plants by performing different
direct and indirect activities [25]. In the present study, the
isolates were investigated for their ability to produce IAA,
ammonia and solubilization of inorganic phosphate. IAA is
an important plant hormone and plays a significant role in

Table 1 List of isolates, host plants, sample collection sites and biochemical characteristics of isolates

Isolates Host plant  Sample collection site Geographical

location

Biochemical characteristics

Ketolactose Catalase Oxidase Nitrate Starch Urease Citrate Gelatin

ICC1 C.cajan Cachar 24.83N-92.78E
ICC3  C.cajan Cachar 24.83N-92.78E
KCC3  C.cajan Karimganj 24.86N-92.36E
SICC1  C.cajan Hailakandi 24.65N-92.60E
SICC3  C.cajan Hailakandi 24.65N-92.60E
HCC2 C.cajan Hailakandi 24.65N-92.60E
DCC2  C.cajan N.C.Hills 25.16N-93.01E
TECC2 C.cajan Tezpur 26.65N-92.80E
TECC3 C.cajan Tezpur 26.65N-92.80E
JCC1 C.cajan Kamrup 26.15N-91.72E
RDL1  L.purpureus Cachar 24.83N-92.78E
IDL1 L.purpureus Cachar 24.83N-92.78E
IDL2  L.purpureus Cachar 24.83N-92.78E
KDL1  L.purpureus Hailakandi 24.68N-92.56E

HIDL 1 L.purpureus Hailakandi 24.68N-92.56E

SIDL1 L.purpureus N.C.Hills 25.25N-93.14E
DDL2  L.purpureus N.C.Hills 25.16N-93.01E
SDL1  L.purpureus Tezpur 26.65N-92.85E
SDL2  L.purpureus Tezpur 26.65N-92.85E
GDL1  L.purpureus Kamrup 26.12N-91.96E
R. leg. R. strain - -

B. jap. R. strain — —

M. thio. R. strain

- + — -+ - -
+ + + - 4+ - -
+ + - - 4+ - -
+ + + - 4+ + -
- + + - 4+ + -
- + - - 4+ - -
- + + - - - -
- + + -+ + -
+ + - - 4+ - -
+ + + - - - -
- + - - 4+ - -
- + - - 4+ - -
- + - - 4+ - -
- + + - 4+ - -
- + + - 4+ + -
- + + -+ + -
+ + + - 4+ + -
+ + + - 4+ + -
+ + - - 4+ -
+ + - - 4+ - -
- + - - 4+ - -
- + + - 4+ + -
- + — -+ - -
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Table 2 PGPR features, pH and salt tolerance, presence or absence of nifH and nodC gene

Isolate name  pH tolerance Salt tolerance IAA (pg/ml)  PSE (%) Ammonia production  nifH gene  nodC gene
pH4 pHS5 pHO6 1% 2% 3%
ICC1 - + + + + - 45 141 + P P
1CC3 - + + + + - 41 114 + A A
KCC3 — + + + + — 00 120 — P P
SICC1 — - + + + — 55 133 + A A
SICC3 - + + + - - 58 137 + P P
HCC2 — + + + + - 00 122 — P P
DCC2 — — + + + - 40 116 + P P
TECC2 - + + + + - 43 112 + A A
TECC3 - — + + - - 62 113 — A A
Jcci — - + + + - 36 127 + P P
RDL1 — + + + + - 55 116 + P P
IDL1 — - + + + — 40 181 + P P
IDL2 - + + + - - 38 114 + A A
KDLI - + + + + - 64 133 + A A
HIDLI1 - - + + + - 52 113 — P P
SIDL1 — - + + - — 42 122 + P P
DDL2 - + + + + - 59 138 + P P
SDL1 — + + + + — 77 127 — P P
SDL2 — - + + + - 42 115 + A A
GDL1 — - + + - - 48 122 + P P
R.leg. - + + + + - 45 125 + P P
B.jap. - - + + - — 00 131 + P P
M.thio. - + + + + - 00 121 + P P

IAA indole acetic acid, PSE phosphate solubilization efficiency, P presence of gene, A absence of gene

plant growth. Production of IAA by Rhizobia sp isolated
from C. cajan and L. purpureus has been previously
reported by many researchers [5]. The present study
revealed that all the isolates except (KCC3 and HCC2)
were capable of producing IAA, however the amount of
TAA produced varied greatly among the isolates (Table 2).
Among the 20 isolates investigated, nine isolates produced
higher amount of IAA than the reference strain R. legu-
minosarum MTCC-99 and the isolate SDL1 produced
maximum amount of IAA (77 pg/ml).

All the isolates and reference strains were capable of
phosphate solubilization which is confirmed by the for-
mation of solubilization zone around the spot of inocula-
tion of isolates on Pikovskaya’s agar plates. PSE of the
isolates was determined by comparing the colony diameter
of the isolates with the diameter of the solubilization zone.
Seven isolates showed higher PSE than the reference strain
B. japonicum MTCC-120 (Table 2). The maximum PSE
was shown by IDL1 (181%) isolated from L. purpureus.
The present study also revealed that 15 isolates were cap-
able of producing ammonia. Development of faint yellow

to dark brown color on bacterial inoculated peptone broth
indicated the production of ammonia.

Nitrogen Fixation (rifH) and Nodulation (nodC)
Gene Amplification

PCR amplification of nifH and nodC genes were carried out
for determining nitrogen fixation and nodulation potential
of the isolates. nifH Gene encodes Fe-protein subunit of
nitrogenase enzyme, which is an important enzyme of
biological nitrogen fixation pathway. nodC Gene encodes
N-acetylglucosaminyltransferase enzyme that synthesizes
the N-acetyl glucosamine backbone of the nod factor. The
presence of nifH and nodC genes in rhizobial isolates of C.
cajan and L. purpureus was previously reported by Dubey
et al. [5] and Chang et al. [26], respectively. Results of the
current study revealed the presence of nifH and nodC genes
in 6 isolates of C. cajan and 7 isolates of L. purpureus
(Table 2). PCR amplification reaction using nifH and nodC
primers generated specific bands at 360 and 500 bp, con-
firming the presence of nifH and nodC gene in the isolates,
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respectively. In both the amplification reactions, reference
strain R. leguminosarum MTCC-99 was used as a positive
control.

PCR-RFLP Analysis of 16S rDNA

PCR-RFLP analysis of 16S rDNA is a useful technique for
studying genetic diversity of rhizobia. Characterization of
rhizobial strains based on 16S rDNA PCR-RFLP analysis
was previously reported by many researchers. Costa et al.
[27] characterized rhizobia from C. cajan based on PCR—
RFLP analysis by employing three restriction enzymes
Ddel, Mspl, and Hinfl. Likewise Chang et al. [26]
employed PCR-RFLP technique for characterizing rhizo-
bial isolates of L. purpureus. Previously, Dubey et al. [5]
reported that Alul was the most efficient restriction enzyme
for discriminating rhizobial isolates, so instead of choosing
multiple restriction enzymes only Alul enzyme was used
for restriction analysis. On the basis of restriction pattern of
16S rDNA gene an UPGMA dendrogram is generated for
isolates of both the plant species. Dendrogram derived
from the PCR-RFLP analysis grouped the isolates of C.
cajan into 3 different clusters (Fig. 1). Cluster I was
comprised of 4 isolates with reference strain B. japonicum
MTCC-120. Cluster II was comprised of 6 isolates with
reference strain R. leguminosarum MTCC-99. Reference
strain M. thiogangeticum MTCC-7001 makes a separate
cluster III. Similarly dendrogram derived from the PCR-
RFLP analysis grouped the isolates of L. purpureus into 2
different clusters (Fig. 2). Cluster I was comprised of 7
isolates with reference strains R. leguminosarum MTCC-99

ICCl]

and B. japonicum MTCC-120. Cluster IT was comprised of
3 isolates with reference strain M. thiogangeticum MTCC-
7001.

Sequence Analysis of 16S rDNA

Many previous reports suggested the presence of fast and
slow growing rhizobia in the root nodules of C. cajan.
Ramsubhag et al. [28] reported the isolation of slow
growing B. elkanii from C. cajan root nodules. Likewise,
Dubey et al. [5] reported the presence of plant growth
promoting strains of Sinorhizobium freedi from root nod-
ules of C. cajan. In the present study, four isolates of C.
cajan (ICC1, ICC3, DCC2 and SICC1) representing the
three clusters of PCR-RFLP analysis were selected for 16S
rDNA gene sequencing. In BLAST analysis, the isolate
DCC2 showed closest similarity with Rhizobium mayense
strain CCGES526. Previously Rhizobium mayense was
reported from Calliandra grandiflora root nodules growing
in Mexico [29]. Likewise, BLAST result of ICC1 showed
its closest similarity with Mesorhizobium loti strain MAFF
303099 which is a common legume symbiont (Table 3).
The present study also revealed that 2 isolates of C.
cajan belong to Burkholderia genus. The genus
Burkholderia is one of the largest groups of species within
the class Betaproteobacteria and distributed in diverse
habitats such as plant rhizosphere, in plant root as endo-
phytes, in root nodules as symbiont or as an opportunistic
pathogen on plants and humans. In the present study, iso-
late ICC3 from Cachar and SICC1 from Hailakandi showed
close similarity with Burkholderia cenocepacia strain AU

'I'ECC2l

ICC3 I

TECCS{
B. japonicum

MTCC 120

KCC3

JcC1

SICC1

DCC2
HCC2

SICC3

R leguminosarum
MTCC 99
M. thi

MTCC 7001

T T T T T T T T T

0.00 041

082 124 165
Coefficient

Fig. 1 UPGMA dendrogram of C. cajan isolates derived from PCR-RFLP profile by using NTSYS software
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RDL1

IDL1

IDL2

HIDL1

SDL1

SDL2

GDL1

R. leguminosarum
MICC 99

B. japonicum!
MTCC 120

KDL1

SIDL1

DDL2

M. thiogangeticum
MCC 7001

[
045

034

T T T T T T T T T T 1
022 0.11 0.00

Coefficient

Fig. 2 UPGMA dendrogram of L. purpureus isolates derived from PCR-RFLP profile by using NTSYS software

Table 3 GenBank accession no. of isolates and their closest match in NCBI database

Isolate Host plant PCR-RFLP cluster GenBank Closest match in NCBI Similarity

name type accession no. (%)

ICC1 C.cajan Type 1 KR_611429 Mesorhizobium loti strain MAFF 303099 (Accession no. 99
NR_074162)

1CC3 C.cajan Type 1 KR_107938 Burkholderia cenocepacia strain AU 1054 (Accession no. 99
NR_074686)

DCC2 C.cajan Type 11 KR_107936 Rhizobium mayense strain CCGE526 (Accession no. 98
NR_109703)

SICC1 C.cajan Type I KR_107937 Burkholderia anthina strain W92B (Accession no. 99
NR_104975)

HIDL1 L.purpureus Type 1 KT_900891 Bradyrhizobium elkanii strain NBRC 14791 (Accession no. 99
NR_112927)

SDL1 L.purpureus Type 1 KT_900892 Bradyrhizobium lablabi strain CCBAU 23086 (Accession no. 99
NR_117513)

SIDL1 L.purpureus Type 11 KT_900893 Bradyrhizobium pachyrhizi strain PAC48 (Accession no. 98
NR_043037)

DDL2 L.purpureus Type 11 KT_900890 Bradyrhizobium elkanii strain NBRC 14791 (Accession no. 99

NR_112927)

1054 and Burkholderia anthina strain W92B, respectively,
both of which belongs to a group called Burkholderia
cepacia complex. Although Burkholderia cepacia complex
was considered as human pathogen but it also includes
free-living soil bacteria and nitrogen fixing symbiotic

bacteria [30]. Recently, Lu et al. [31] isolated strains of
Burkholderia stabilis and Burkholderia cepacia both of
which are included in Burkholderia cepacia complex from
root nodules of Dalbergia odorifera growing in Hainan
Island of southern China. ICC3 and SICCI1 showed no
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amplification of nifH and nodC genes, so the presence of
Burkholderia cenocepacia and Burkholderia anthina in the
nodules of C. cajan may likely to be considered as an
opportunistic interaction by the microorganisms. The
acquired 16S rDNA sequences of the four C. cajan isolates
were deposited in GenBank database and the strain were
named as Mesorhizobium loti 1ICC1, Burkholderia ceno-
cepacia ICC3, Rhizobium mayense DCC2 and Burkholde-
ria anthina SICCI.

Similarly, 16S rDNA gene sequencing of 4 L. purpureus
isolates (HIDL1, SDL1, SIDL1, DDL2) was carried out
which represents the two PCR-RFLP clusters. In contrast
to different PCR-RFLP patterns, all the L. purpureus iso-
lates belong to Bradyrhizobium genus. In BLAST analysis,
the isolates HIDL1, SDL1, SIDL1 and DDL2 showed
closest similarity with Bradyrhizobium elkanii, Bradyrhi-
zobium lablabi, Bradyrhizobium pachyrhizi and Bradyrhi-
zobium elkanii respectively. Similar to the present study,
symbiotic bacteria belonging to the genera Bradyrhizobium
was reported as the most common symbiont of L. pur-
pureus in many previous studies [32]. The result of the
current study is in agreement with the findings of Chang
et al. [26] who reported the presence of Bradyrhizobium
elkanii, Bradyrhizobium lablabi, Bradyrhizobium pachyr-
hizi, Bradyrhizobium yuanmingense, Bradyrhizobium jica-
mae as a symbiont of L. purpureus. However, the presence
of bacterial isolates from Rhizobium and Mesorhizobium
genera in the root nodules of L. purpureus has also been
reported in previous studies [27]. The acquired 16S rDNA
sequences of the four L. purpureus isolates were also
deposited to GenBank database and the strain were named
as Bradyrhizobium elkanii HIDL1, Bradyrhizobium lablabi
SDLI1, Bradyrhizobium pachyrhizi SIDL1 and Bradyrhi-
zobium elkanii DDL2.

Assessment of Plant Growth

Many previous reports suggested that inoculation of legu-
minous and non-leguminous plants with rhizobia can sig-
nificantly increase the growth and activity of plants [33].
Recently, Silva et al. [34, 35] reported that inoculation of
Capsicum annuum (L) with Rhizobium strains have sig-
nificant effect on the metabolic activities of the plant. In the
present study, a pot experiment was carried out to evaluate
the effect of isolates on C. cajan and L. purpureus plants.
Two isolates of C. cajan, ICC3 and SICC1 were excluded
from the study as they were known as human pathogens.
The results showed that the isolates significantly increased
the vegetative parameters of C. cajan and L. purpureus
indicating that the indigenous inoculants improve the
growth of their host plants. The isolates ICC1, DCC2 and
reference strain R. leguminosarum MTCC-99 successfully
induced root nodules on their host plant C. cajan (Table 4).
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Inoculation of DCC2 to the host plant significantly
increased shoot length and shoot dry weight as compared to
the un-inoculated control. However, there is no significant
change in root height and root dry weight after treating
with DCC2. No significant change was observed in vege-
tative parameters of C. cajan when treated with ICCI.
Reference strain R. leguminosarum MTCC-99 significantly
increased shoot length, root length and shoot dry weight as
compared to the un-inoculated control.

The four isolates of L. purpureus also induced root
nodules on their host plant. Inoculation of HIDL1 signifi-
cantly increases the shoot dry weight and inoculation of
DDL2 significantly increased root length of L. purpureus
when compared with un-inoculated control (Table 5).
However, the other two isolates SDL1 and SIDL1 have no
significant effect on the vegetative parameters of the host
plant when compared with un-inoculated controls. There is
no clear correlation between the PGPR abilities and the
effect on vegetative parameter which is evident by the fact
that the highest producer of IAA showed no significant
effect on the vegetative parameter of its host plant. Ref-
erence strain R. leguminosarum MTCC-99 significantly
increased root length and root dry weight of L. purpureus
plant as compared to the un-inoculated control.

Conclusion

Both C. cajan and L. purpureus are important vegetative
legume plants widely cultivated and consumed in different
parts of Assam. They are also used in co-cropping and
intercropping systems for enhancing soil fertility through
their symbiotic association with rhizobia. The present study
revealed the presence of plant growth promoting and stress
tolerant rhizobial strains in the root nodules of C. cajan and
L. purpureus plants growing in Assam. Phenotypic and
genotypic characterization of isolated strains revealed a
considerable diversity among them. 16S rDNA sequence
analysis of isolates revealed that rhizobial strains isolated
from C. cajan belong to three different genera: Rhizobium
(R. mayense), Mesorhizobium (M. loti) and Burkholderia
(B. cenocepacia, B. anthina). Interestingly, the two
Burkholderia strains isolated from C. cajan were patho-
genic in nature and rarely identified from legume plants.
Rhizobial strains isolated from L. purpureus plant belong
to single genus Bradyrhizobium (B. elkanii, B. lablabi, B.
pachyrhizi and B. elkanii). The isolates have the ability to
produce IAA, solubilzation of inorganic phosphate and
production of ammonia. Present study also revealed that
few isolates can tolerate low pH (pH-5) and high salinity
(2% NaCl). Successful amplification of nifH and nodC
genes confirms that the native isolates can synthesize
nitrogenase enzyme for fixing atmospheric nitrogen and
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Table 4 Effect on shoot and root of C. cajan after treatment with selected isolates

Isolate Shoot length (cm) Root length (cm) Shoot dry weight (mg) Root dry weight (mg)
Control 15.56° 3.44° 167.11° 36.00°
DCC2 19.00% 3.56° 235.67° 44.11°
ICC1 16.78° 3.33° 192.00° 31.22°
R. leguminosarum 21.12% 4.44° 241.22* 44.89°
F 4315% 2425 3.285% 1.941

Values are the means of nine replications and means followed by different letters are significantly different according to Least Significance

Difference (LSD) test at P = 0.05

F value indicates variation between sample means/variation within the samples

* F value indicates statistical significance at 5% ANOVA

Table 5 Effect on shoot and root of L. purpureus after treatment with selected isolates

Isolate Shoot length (cm) Root length (cm) Shoot dry weight (mg) Root dry weight (mg)
Control 16.22° 4.89° 59.00° 29.56°
HIDL1 17.22° 4.89° 85.65" 35.12°
SDLI 16.33° 4.67° 69.32° 35.71°
SIDL1 18.67° 5.33° 79.18° 28.55°
DDL2 15.67° 7.00° 71.36° 31.60°
R. leguminosarum 18.56° 5.11° 85.51° 40.25°
F 0.549 1.855 1.774 1.237

Values are the means of nine replications and means followed by different letters are significantly different according to Least Significance

Difference (LSD) test at P = 0.05

F value indicates variation between sample means/variation within the samples

nod factors for forming an effective symbiosis. Nodulation
study revealed that the selected isolates were capable of
forming effective nodules on their host plants C. cajan and
L. purpureus. In addition, the isolates significantly
increased the vegetative parameters viz. shoot dry weight,
and root dry weight of their respective host plants as
compared to un-inoculated controls which indicated that
the native isolates could be used as inoculants to improve
the yield of legume plants. In future, the isolates could be
subjected to further greenhouse and field trials to ascertain
their stability under different environmental conditions.
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