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Abstract: Salinity is a major limiting factor for soybean crop productivity. To enhance the tolerance of
soybean against salt stress, it is essential to understand the diversity of microbiota harboured by soybean
rhizosphere. Earlier studies have demonstrated that local adaptation of plants to habitat imposed stresses is
driven by their closely associated microbes. The present study aimed to isolation and characterization of salt
tolerant rhizobacteria with respect to their functional plant growth promotion ability. A total of 43 bacterial
isolates were recovered from soybean rhizospheric soil grown in Bundi district, Rajasthan, India. Out of
them, one bacterial isolate strain AU was found to tolerate 10% NaCl stress and significantly enhanced
soybean seedlings growth under 100mM NaCl condition. Molecular phylogenetic analysis placed this isolate
closely to Pseudomonas simiae OLIT with 99.93% similarity. Molecular characterization of functional genes
revealed that AU bacterium possessed genes like IzalM (IAA production), g6pd (Pi-solubilization) and sid
(siderophore production). Here, we show that soybean rhizosphere possessed a salt tolerant plant growth
promoting bacterium strain AU, which may have impacts on alleviation and tolerance of salt stress in
legume plants.
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Introduction

Abiotic stresses are serious environmental factors
in arid and semi-arid climatic area that restrict the
growth and productivity of plants worldwide.
Among these stresses, soil salinity contributes a
major proportion in destruction of cultivated land
area and reduction of crop productivity. Various
number of salts e.g sodium chloride (NaCl),
sodium sulphate (NaxSOy), sodium nitrate
(NaNOs),  magnesium  sulphate ~ (MgSOy),
magnesium chloride (MgCly), potassium sulphate
(K2SOy), calcium carbonate (CaCO3) etc. could be
dissolved in saline soil, although NaCl causes most
of the salt problems for higher plants in nature.
Today, it is big challenge to increase the efficiency
and sustainability of global agriculture system.
Because this system is regularly marked by scarcity

own and associated biological entities. Some
genera, like Bacillus, Paenibacillus and Pseudomonas are
actively being used to alleviate abiotic stresses
(Choudhary e al, 2015). In saline environment,
halophilic bacteria and their metabolites have
exhibited many potential which are suitable for
vast agricultural, industrial and environmental
applications. The successful restoration of plant
growth under salinity condition after inoculation
with plant growth promoting rhizobacteria
(PGPR) provides the basis for a suitable alternative
to improve crop growth and yield in saline soils.
These PGPRs are mostly present in near the roots
due to presence of root exudates secreted by plants
and used as nutrient source by them. There is clear
evidence that a diverse group of root-associated
microbes is essential for

of water resources, environmental pollution and
increased salinization of soil and water. These
challenges create continued poverty and food
insecurity by which people become chronically
malnourished.

Many resident micro-flora of stress environment
perform all functions of life for survival of their
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promoting  plant
adaptation to salinity (Arora et al, 2013;
Shrivastava ef al., 2015; Egamberdieva ef al.,, 2015).
Beneficial effect of PGPB under salinity has been
related to hydraulic conductance, osmolyte
accumulation, sequestering toxic Na® ions,
maintaining higher stomatal conductance and
photosynthetic activities (Dodd ez a/.,, 2012).
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Soybean is a numero uno crop with major source of
dietary protein contains all the essential amino
acids particularly glycine, tryptophan and lysine,
vitamins (A & D) and minerals used in place of
cow’s milk. The oil produced from soybean is
highly digestible, contains no cholesterol and used
mainly in cooking, margarine and salad dressings.
On the other hand, the extreme efforts on
alternative sources of energy stimulated soy oil-
based lubricant and fuel products that replace non-
renewable petroleum products. It finds a cheaper
source of high quality proteins and has potential to
reduce malnutrition, a dominant problem in poor
sections of society in the country. Based on these
attributes  soybean is the most promising
component of the Climate Smart Agriculture
Concept (FAO, 2013). Soybean is classified as
moderately salt sensitive crop, severely affected by
decreasing  symbiotic  interaction  results in
reduction of nodule formation and the amount of
nitrogen fixed (Prudent ez al., 2015). Several abiotic
factors are responsible for deprived production of
soybean in India. Most of the areas under soybean
cultivation are rainfed; hence drought is a major
constraint in soybean production. The Northwest
areas of India are frequently facing an erratic
behavior of monsoon, which affecting planting.
Hence, the present study was conducted in an
attempt to isolate and characterize salt tolerant
plant growth promoting bacteria from soybean
cultivated region in Bundi district, Rajasthan, India
and evaluate their ability to improve seedling
germination of soybean under salt affected
conditions.

Material and Methods

Sampling site and sample collection

The rhizobacterial population were explored from
the rhizosphere of soybean plants in the month of
August from Bundi district in Rajasthan, India.
Geographically the sample collection area are
located in the Hadoti region lies between 75°59” to
75°73" E & 25°43' to 25°54' N. Five thizospheric
soil samples from healthy soybean plants grown at
different provinces were collected by using
random sampling method with the help of a steel
corer (pre-sterilized with 95% ethanol) in sterile
polyethylene bags. Plants were uprooted along
with good amount of rhizosphere soil, brought
immediately to the laboratory in polyethylene bags
and air-dried within 2 hrs.

Isolation of bacteria

Bacterial isolation was conducted under a sterile
environment in microbiological safety. All
materials used for isolation were pre-sterilized for
15 minutes at 121°C and 15 psi pressure. Ten gram
of rhizospheric soil sample was measured and
mixed into 90 mL of distilled water for 30 min at
150 rpm. After that, ten-fold series dilutions (10-1
to 109 of the suspension were prepared and an
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aliquot of 0.1 mL from 10 dilution was spread
over nutrient agar (NA) medium. Petri plates were
incubated at 28°C for three days and bactetial
colonies were counted on every day.

Screening of salt tolerant bacterial isolates
Bacterial inoculums was prepared by harvesting
bacterial cells from 24 hrs cultures on nutrient agar
plates at 28 = 2 °C in BOD incubator. The
inoculum was suspended in sterile physiological
saline (0.85%) water to yield 10%colony forming
units (CFU/ml) and used it for further study.
Once pure cultures of bacterial isolates were
obtained, the intrinsic tolerance of the isolates
towards salinity was studied by observing their
growth under different concentration of sodium
chloride (NaCl- 2, 4, 6, 8, 10 and 12%) in nutrient
broth (NB) medium. Bacterial cultures were
incubated at 28°C in BOD incubator for 72 hrs.
The optical density was measured at 600 nm in
every 24 hrs.

Bacterial screening on the basis of pot trials

Bacteria which found to tolerate higher
of NaCl were selected for
inoculation in soybean seeds. A gnotobiotic pot
experiment was conducted in plant growth
chamber (28+2°C and 70% humidity) to confirm
their plant growth promoting potential. The
soybean seeds were sutrface sterilized (1-min, 70%
ethanol soaking followed by 3-min, 0.1% HgCl»
soaking, rinsed repeatedly in sterile distilled water)
and treated with bacterial strains (108 CFU/mL)
for 1 hr. Seeds were sown in pre-sterilized soil
amended with 100mM NaCl. Three seeds per pot
were maintained with six replicates. Un-inoculated

concentration

pot served as control. The growth of the seedlings
was recorded after 15 days. Seed germination,
root/shoot length and number of lateral root wete
recorded as parameters of plant growth.

Biochemical characterization

After evaluation of pot trial experiment, one
bacterial strain AU was selected for further study.
The gram staining was done using 24 hrs old
culture by Himedia Kit. The stained slide was
visualized under compound microscope with oil
immersion. The cell morphology and shape were
observed under stereomicroscope. Motility was
observed by the hanging drop method and in semi-
solid media. Biochemical characterization of AU
isolate was done as per the procedutes outlined by
Cappuccino and Sherman (1992).

Molecular characterization and phylogenetic
analysis

The bacterial genomic DNA was extracted
according to method of Moore ef al, (1999) with
minor modification. Amplification of 16S rDNA
region was done by using universal primers. In
addition, three PGP activity genes were amplified
by using their specific primers namely tryptophan-
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2-monooxygenase for IAA production (laalM),
glucose-6 phosphate dehydrogenase for gluconic
acid production (¢6pd) and siderophore (szd). These
specific primers were designed by IDT oligo-
analyzer software and synthesized from Sigma-

International Jonrnal of Bioassays 5.12 (2016): 5118-5123

environmental conditions (Finkel and Kolter,
1999).
Table 2: Growth of bacterial isolates under

different NaCl concentrations

Eldrich (India). Primer list is provided along with S.No. Strain codes NaCl (%)
their annealing temperatures (Table 1). PCR 1 AT 2-6
reaction condition was as following: pre- 2 ATl 2-4
. o ‘ ) 3 AT2 2-4
denaturation at 95°C for 5 min, denaturation at 4 AT3 24
95°C for 30 sec, annealing for 30 sec, extension at 5 AT4 2.6
72°C for 40 sec followed by 35 cycles and final 6 AT5 2-6
extension at 72°C for 7 min. Amplified product 7 AT6 2-4
T ; 8 AT7 2-6
was analysed in 1% agarose gels, purified and 9 ATS 5_3g
sequenced both strands using respective forward 10 AT9 2_4
and reverse primers. The nucleotide sequences 1 AT10 2-6
were di-deoxy cycle sequenced with fluorescent 12 ATI 2-12
. . . . 13 AT12 2-8
terminators (Big Dye, Applied Biosystems) and run 14 AT13 5 g
in ABI 3730x] DNA analyzer (Applied Biosystem, 15 AM 2-6
USA). Sequence was compared with nucleotides 16 AM1 2-4
database provided by the National Center for }; ﬁ%ﬁ 3_3

. . . o\ —

Blot?chnologyv Informatlon using the BLAST 19 AM4 04
(Basic Local Alignment Search Tool) and 20 AMS5 2-6
submitted in GenBank. 21 AMG6 2-4
22 AM7 2-4
. . . . 23 AMS8 2-6
Table 1: Details of gene specific primers tested in o4 AMO 54
the present study 25 AM10 2-4
. Annealing 26 AM11 2-6
Gene Primer sequences (forward & reverse) temperature (CY) 57 AMIL2 o_3g
LaaM F- 5-GACTTCCCCAACTCGATGCTG-3’ 62 28 AM13 2-6
R- 5-ATCCACATCTTTTGCGAGAACAG-3’ 29 AM14 2-6
6nd F- 5-ACAAACAGGTTCTGATTGCCG-3 58 30 AM15 2-6
gop R- 5" TGGGGCTATTTCGACAAGGC-3’ 31 AM16 2-4
sid F- 5-CCATTGCATTAGGTCCAGAAATG-3 60 32 AU 2-10
R- 5-GCCAATGCCAATGTGGATTAC-3’ 33 AU1 2-4
165-tDNA F- 5-AGAGTTTGATCCTGGCTCAG-3’ 60 34 AU2 2-4
R- 5-AAGGAGGTGATCCAGCCGCA-3’ 35 AU3 2-6
36 AU4 2-6
- . 37 AU5 2-4
Results and Discussion 38 AUG 26
Bacterial isolation and screening 39 AU7 2-10
A total of 43 bacterial colonies with different i(l) igg ;73
morphological featur.es were selected for further 4 AU10 56
study. All the bacterial isolates were further sub- 43 AU 2_4

cultured and purified on nutrient agar medium.
The purified cultures were finally maintained as
agar slants stored at 4°C and as 50% glycerol
stocks in -80°C for further use. The bacterial
isolates differed in their ability to tolerate salinity in
form of NaCl. All isolates could tolerate salinity up
to 2% NaCl. A decrease in isolate number was
observed with increase in NaCl concentration. A
number of 19 isolates could tolerate 4 % NaCl, 16
isolates could tolerate 6% NaCl, 5 isolates could
tolerate 8% NaCl, 2 isolates could tolerate 10%
NaCl and one isolates was able to tolerate 12 %
NaCl concentration (Table 2). These results are in
agreement with other studies which showed that
the number of viable colonies of rhizospheric
strains declined with increasing concentration of
salt (Naz et al, 2009; Omar et al, 2009). Bacterial
cells showed tolerance against higher salt
concentration could be due to the synthesis of
protective factors and adaptation of current
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0.8 OD at 600nm was considered for growth
measurement

Standardization for bacterial inoculums

On the basis of salt tolerance property, a number
of three bacterial isolates AT11, AU and AU7 were
selected for pot trial study. All three bacterial
strains augmented toot/shoot length and lateral
roots up to some or greater extent as compared
with un-inoculated treatment under 100mM NaCl.
The AU bacterial isolate was found motre
prominent than AT11 and AU7. AU bacterial
strain was exhibited with higher seed germination,
root/shoot length and lateral root utmost neatly
90%, 12.8/7.5cm and 66 respectively (Table 3).
Hence, bacterial strain AU was selected for
identification and characterization. There are
several reports in which bacteria were isolated
from stress affected environments and studied
their beneficial effects on plant growth (Ramadoss
et al, 2013; Habib et al, 2015). Ramadoss et al,
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(2013) reported that Hallobacillus sp. SL3 and
Bacillus halodenitrificans PUG2 were able to withstand
high salt concentration (20% NaCl) and were able
to facilitate wheat seedlings growth promotion in
the presence of growth inhibitory levels of salt.

Table 3: Effect of bacterial treatments on plant
growth parameters

. L. Shoot Root Lateral
Bacterial Germination
treatment %) length length root
(cm.) (cm.) (number)

AT11 70£3.1 6.8+0.7 4+1 30£1.1

AU 90£1.8 12.5£0.2  7.8%£0.2 66%1.3

AU7 66%3.6 7£0.6 3.91+0.6 26%0.9

Un-inoculated 55+2.5 47+0.8  3.2%0.5 16+1.1

Values represent the means + SD, n=6

Morphological and biochemical characteristics
The AU isolate was Gram-negative motile rods
approximately 1-1.5 um in size, produced yellow
pigment on tryptic soy agar and fluorescent
pigment on King’s B agar. The isolate was formed
round and non-spreading colony. The bacterium
was catalase and oxidase positive and able to
hydrolysed starch and casein in their respective
medium. The isolate reduced nitrate into nitrite
and citrate was assimilated (Table 4). In terms of
overall cellular morphology and biochemical
characteristics, the AU isolate was somewhat
resembled member of the family
Pseudomonadaceae and tentatively identified as
Psendomonas fluorescence. Brown and Lobury (1968)
suggested that direct detection of fluorescence
around the colonies could be used for the
identification of fluorescent pseudomonads.

Table 4: Biochemical characters of AU bacterial
isolate
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with ‘P. fluorescens intrageneric cluster’ (Fig. 1).
Pseudomonads are predominant bacteria in the
rhizosphere with versatile functions. They are
known to produce plant hormones, siderophores,
antibiotics, enzymes like proteases and glucanases
and solubilize minerals which have made them the
most promising group of PGPR involved in the
biocontrol of plant diseases and abiotic stress
tolerance (Choudhary, 2012). They are capable of
rapid growth and utilize various substrates as
nutrients therefore show efficient colonization
with a wide variety of crops including cereals,
pulses, oilseeds and vegetables (Santoyo et al,
2012). The AU strain 16S rRNA gene sequence
(1380bp) was submitted to NCBI with KJ184311
accession number.

@ KJ184311\Pseudomonas_sp._AU
5 AJ936933.1|Pseudomonas_simiae_OLi
71 k1127230, 11Pseudomonas_fluorescens PE3
k /AF405328.1|Pseudomonas_extremorientalis_ KMM_3447
3 KF704111.1|Pseudomonas_trivialis_KXL-Y3
6§ AJ492829.1|Pseudomonas_poae_DSM_14936T
AJ492829.1|Pseudomonas_trivialis_DSM_14937T
3| - AJ561999.11Pseudomonas_lurida_DSM_15635T
3 L D84028.1|Pseudomonas_tolaasii_ATCC_33618
AJ537602.1|Pseudomonas_meridiana_CMS_38T
AJ537601.1|Pseudomonas_antarctica_CMS_35T
1 3. ¢ is_14-3
[ AF064460.1|Pseudomonas_veronii_CIP_104663
L /AF064459.1|Pseudomonas_rhodesiae_CIP_104664
B{AFZGBM@. [ s_grimontii_CFML_97-514
L AF064457.1|Pseudomonas_orientalis_CFML_96-170
AAF268968.1|Pseudomonas_brenneri_CFML_97-391
NR_102783.1Bacillus_subtilis_168
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Figure 1: Construction of phylogenetic tree based
on 16S rRNA gene sequencing by neighbour
joining method

G Poeusomonas smaes1ain WC ST (b2 1900
s budomonas uores s stin ACLATS1 (1S
IPseudomonas forescens stran LOUN2ZS (8418

# Setgen NI

Biochemical

AU isolate
characters

Oval, greenish, flat, erose, smooth,

Colony morphology shiny, translucent

Colony size Medium
Gram reaction Negative (pink)
Fluorescence +
Motility +
Hydrolysis

Starch +
Casein +
Catalase, oxidase & 4

citrate test

+ indicates for positive for respective test

Molecular identification and PGP genes
characterization

About 1.5 kb fragment of 16S rRNA gene of the
AU isolate was sequenced. The sequence obtained
was analysed to determine the phylogenetic
position of the AU isolate. Sequence database
searches (GenBank and EZtaxons) revealed that
the AU strain was phylogenetically most closely
related to members of the genus Pseudomonas.
Phylogenetic tree obtained using the neighbour-
joining methods revealed that AU strain showed a
similarity of 99.93% with Pseudomonas simiae OLiT
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Figure 2: Phylogenetic analysis of siderophore,
tryptophan 2 monooxygenases and glucose-6-
phosphate-1 dehydrogenase genes isolated form
AU bacterial isolate
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Amplification with specific gene primers showed
sharp and single bands for laaM (330bp), g6pd
(630bp) and sid (360bp). As expected, all three
tested PGP genes of AU bacterial isolate showed
similar to the P. fluorescence intrageneric cluster (Fig.
2). Glucose-6-phosphate dehydrogenase (g6pd) is
involved in gluconic acid production via 6-
phosphogluconate (6-PGA) in bacteria
(Ramachandran ef a/, 2006). Gluconic acid plays an
important role in phosphate solubilizing activity
(Sashidhar and Podile, 2010). Vyas and Gulati
(2009) observed that 19 fluorescent Pseudomonas
strains were produced gluconic acid during the
solubilisation of tricalcium phosphate in liquid
culture. Similarly, the enzyme tryptophan-2-
monooxygenase (IaaM) converts tryptophan to
indole-3-acetamide (IAM) and then IAM is
converted to IAA by an IAM hydrolase (IaaH).
The IaaM gene has been characterized in plant-
associated bacteria for confirmation of IAA
biosynthesis through IAM pathway (Yin et a,
2014; Kyndt et al, 2015). The production of TAA
by PGPR is usually correlated with direct effects
on plant growth (Cassan ez a/, 2014). Siderophores
are small peptides synthesized by non-ribosomal
peptide synthetases and its biosynthesis genes have
been characterized in different bacterial strains
(Adams e al, 1994; Najimi e al, 2008).
Siderophores chelate iron compounds and making
available to plant roots and unavailable to the
phytopathogens and protecting plant health
(Rajkumar ez al, 2010). All gene sequences were
submitted in NCBI and GenBank accession
numbers are as follows: sid (KU204777); g6pd
(KU204778) and laaM (KT805424).

In this study, we have shown that AU bacterium,
isolated from soybean rhizosphere is able to
withstand high salt concentrations and can
facilitate plant growth promotion in the presence
of growth inhibitory levels of salt. The plant
growth promotion properties were also confirmed
by molecular characterization of PGP genes. AU
bacterium was found to possessed genes related to
TAA, gluconic acid and siderophore production
activity. Hence, these findings permit us to
conclude that the AU bacterium can be used as
bioinoculants for saline environments.
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