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Abstract Bacterial isolates with the ability to tolerate
salinity and plant growth-promoting features were isolated
from the saline areas of Gujarat, India, that is, Bhavnagar
and Khambat. A total of 176 strains of rhizobacteria were
isolated out of which 62 bacterial strains were able to
tolerate 1 M NaCl. These were then further studied for
their potential plant growth-promoting rhizobacteria char-
acteristics like phosphate solubilization, siderophore pro-
duction, and IAA production. Twenty-eight isolates of the
62 strains showed good tricalcium phosphate solubilization
in solid medium in the range of 9-22 mm and 15 isolates
showed good phosphate solubilization in liquid medium
in the range of 9-45 pg/ml. Siderophore production was
checked in all 15 isolates, and 13 were screened out that
produced the hydroxamate type of siderophore in the range
of 11-50 mM. Among the 13 isolates, 10 were able to
produce indole acetic acid in the range of 10-26 pg/ml
after 72 h of incubation. Pot trials were carried out on
chickpea under 300 mM NaCl stress using the best five
isolates. Plants inoculated with MSC1 or MSC4 isolates
showed an increase in the parameters that evaluate plant
growth when compared to uninoculated controls. Strains
MSC1 and MSC4 were identified as Pseudomonas putida
and Pseudomonas pseudoalcaligens, respectively, accord-
ing to sequence analysis of the 16S rRNA gene.
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Introduction

Salinity is a serious environmental problem that causes
osmotic stress and reduction in plant growth and crop pro-
ductivity in irrigated areas of arid and semiarid regions
(Cicek and Cakirlar 2002). Salt stress affects many aspects of
plant metabolism and, as a result, growth and yield are
reduced. Excess salt in the soil solution may adversely affect
plant growth through either osmotic inhibition of water
uptake by roots or specific ion effects. Specific ion effects
may cause direct toxicity, or, alternatively, the insolubility or
competitive absorption of ions may affect the plant’s nutri-
tional balance. Salinity was shown to increase the uptake of
Na™ or decrease the uptake of Ca®>" and K™ (Yildirim and
others 2006). Accumulation of excess Na™ may cause met-
abolic disturbances in processes where low Na™ and high K™*
or Ca®" are required for optimum function. Uptake and
accumulation of CI™ may disrupt photosynthetic function
through the inhibition of nitrate reductase activity (Xu and
others 2000). In addition to the use of traditional breeding
and transgenic plants, the utilization of plant growth-pro-
moting rhizobacteria (PGPR) is useful in strategies to facil-
itate plant growth in saline soils (Tank and Saraf 2010).
Plant growth-promoting bacteria are soil and rhizosphere
bacteria that can be of benefit to plant growth by several
different mechanisms such as asymbiotic N, fixation,
ammonia production, solubilization of mineral phosphate
and other essential nutrients, production of plant hormones,
and control of phytopathogenic microorganisms (Tank and
Saraf 2003). Indirect promotion of growth is possible by
biological control of plant pathogens and deleterious
microbes, through the production of antibiotics, cell wall-
degrading enzymes, hydrogen cyanide and siderophores, or
through competition for nutrients and space. All these
increase seedling emergence, vigor, and yield (Autoun and
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Kleopper 2001). This mechanism is a recent indirect mech-
anism of action of PGPR. In addition, PGPR can protect
plants from deleterious effects of environmental stress like
flooding, drought, salinity, heavy metals, and so on.

Chickpea (Cicer arietinum L.) is a major food legume and
an important source of protein in many countries. In addition,
it is also widely used as fodder and green manure. Chickpea
is one of the most important legume crops for human nutri-
tion grown in arid and semiarid regions and is considered
to be a salt-sensitive species (Ashraf and Waheed 1993).
Cultivars grown in India are either native (desi) types char-
acterized by smaller, angular, pigmented seeds, or Mediter-
ranean (kabuli) types with larger, rounded seeds which lack
pigmentation. Because the genus is indigenous to arid areas,
some genotypes may have a degree of salt adaptation (Garg
and Singla 2004). Hence, selection and implementation of
biotechnological approaches can improve economic yield
under saline conditions. The objective of this study was to
screen out native strains of PGPR from the saline soils of
Gujarat that are able to tolerate salinity and use their ability to
promote the growth of chickpea.

Materials and Methods
Isolation of Rhizobacteria

Soil samples were collected from the marginal lands of
Gujarat, that is, Bhavnagar and Khambat, showing sparse
vegetation. Bacterial strains were isolated using four dif-
ferent media: nutrient agar (General), yeast extract man-
nitol agar (Rhizobium), Ashby’s agar (Azotobacter), and
King’s B agar medium (Pseudomonas). After 48 h of
incubation, morphological characteristics and cultural
characteristics of well-isolated colonies were checked.
These isolates were then subcultured on respective agar
plates and maintained on respective agar slants.

Tolerance to Salinity

The tolerance of isolates to salinity was tested by growing
the strains on nutrient agar plates supplemented with
increasing concentrations of NaCl from 300 to 1,000 mM.
Salt-tolerant strains were maintained on nutrient agar
supplemented with 500 mM NaCl. Salt-tolerant isolates
then were further studied for their PGP potential.
Characterization of Rhizobacteria for PGP Traits

Phosphate Solubilization

Phosphate solubilization was checked using tricalcium
phosphate (TCP) as insoluble phosphate. Spot inoculation of
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the isolates was done in the center of the Pikovyskyay
medium amended with bromophenol blue. These plates
were then incubated at 37°C for 48—72 h (Subba Rao 1982).
Phosphate solubilization was checked for by looking
for the formation of a clear yellow halo around the colony,
representing the production of organic acids as a possible
mechanism of the phosphate solubilization. Phosphate sol-
ubilization was quantified in liquid Pikovskyaya’s medium
in flasks for 21 days. The concentration of the soluble
phosphate in the supernatant was estimated every third day
by the stannous chloride (SnCl,-2H,0) method (Gaur 1990).
A simultaneous change in the pH was also recorded in the
supernatant by a Systronics digital pH meter.

Production of Indole Acetic Acid

Indole acetic acid (IAA) production was detected as
described by Brick and others (1991). Bacterial cultures
were grown for 48 h on their respective media at
36 £ 2°C. Fully grown cultures were centrifuged at
3,000 rpm for 30 min. The supernatant (2 ml) was mixed
with two drops of orthophosphoric acid and 4 ml
Salkowsky’s reagent (50 ml, 35% perchloric acid, 1 ml
0.5 M FeCl; solution). Development of pink color was
measured at 536 nm by a spectrophotometer.

Siderophore Production

Siderophore production was detected by the method of
Schwyn and Neilands (1987) using blue agar plates con-
taining the dye chrome azurol S (CAS). Orange halos
around the colonies on blue agar were indicative for sid-
erophore production. Quantitative estimation was carried
out by inoculating 1 ml of actively growing isolates with
0.5 OD at 600 nm in 50 ml of succinic acid medium in
250-ml Erlenmeyer flasks. All flasks were incubated at
30°C for 30 h on an orbital shaker. After 30 h, all cultures
were centrifuged at 5,000 rpm for 20 min. Supernatant was
collected and tested for pH, fluorescence, and siderophore
production. A simultaneous change in the growth pattern of
the isolates was also carried out. A catecholate type of
siderophore was checked by Arnow’s method (1937), and
for hydroxymate-type siderophores the Gibson and
Magrath method (1969) was used.

Growth Promotion of Chickpea Under Salinity
Conditions

The pot study was carried out in triplicate on chickpea
using 500 g of soil in 10 x 10-cm pots. Seeds were surface
sterilized by gently shaking with 70% ethanol (5 min) and
20% sodium hypochlorite solution followed by three rinses
in sterile distilled water. Thereafter, seeds were soaked
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overnight in sterile distilled water and germinated on sterile
cotton-covered Petri dishes. After 3 days of germination,
four seeds were planted in the pots supplemented with
saline solution for three consecutive days, according to the
method of Tank and Saraf (2010), so as to maintain the
salinity level at 300 mM. Thirty milliliters of active culture
with 10% cells/ml was added to each pot, which was
watered with distilled water everyday. Two sets of controls
were kept: one was a negative control that was uninocu-
lated and did not have any stress and bacteria and one was
a positive control that was uninoculated and underwent salt
stress. After 80 days all plants were carefully uprooted and
various vegetative parameters like root length, shoot
length, number of leaves, chlorophyll content, fresh
weight, flowering, and fruiting were studied (Pesqueira and
others 2006).

Soil Analysis

Soil samples were drawn after 80 days from each respec-
tive treatment and soil analysis was carried out. The soils
were analyzed for pH, total organic carbon (TOC)
(Walkley and Black 1934), available phosphorus (Olsen
and others 1954), and available potassium (Schollenberger
and Simon 1945). Estimation of zinc, copper, manganese,
and iron content of the soil samples was performed using
an atomic absorption spectrophotometer (Chapman and
Pratt 1978).

Statistical Analysis

To evaluate the efficiency of rhizobacteria in pot experi-
ments under saline conditions, a completely randomized
block design was used. To identify significant treatment,
analysis of variance (ANOVA) was carried out. Mean
values were compared at significance levels of 1 and 5%.
The ANOVA indicated significances of treatment and
effects.

Genomic DNA Sequencing and Phylogenetic Analysis

Genomic DNA isolation was performed (Sambrook and
others 1989) and a complete 1.6-kb 16S rDNA region was
amplified using the universal primer IFAGCGGCGGAC
GGGTGAGTAATG and 1509RAAGGAGGGGATCCA
GCCGCA. The DNA sequencing was performed using an
ABI Prism Sequence Detection System. The BLASTn
search program (http://www.ncbi.nlm.nih.gov) was used to
look for nucleotide sequence homology. The sequences
obtained were then aligned by ClustalW using MEGA 4.0
software (Tamura and others 2007) and a neighbor-joining
(NJ) and maximum parsimony tree was generated using the
software.

Nucleotide Sequence Accession Number

The sequences obtained in this study were deposited in the
NCBI GenBank nucleotide sequence database under the
accession numbers GU553133 (Pseudomonas putida) and
GU564407 (Pseudomonas pseudoalcaligens).

Results
Isolation of Bacterial Strains from Saline Soils

Soil sample 1, that is, Khambhat soil, is alkaline with
pH 8.0, electrical conductivity of 1.42 mmhos/cm, and
salinity of 0.9%. Whereas soil sample 2, that is,
Bhavnagar soil, had pH 7.8 and electrical conductivity of
2.7 mmhos/cm, making the soil sodic saline in nature. A
total of 176 bacterial isolates were obtained from both
sites in Gujarat using different media. Eighty-six isolates
were obtained from the Bhavnagar site and 90 isolates
from the Khambhat site of Gujarat. Among the total of
176 isolates, 82 were screened out on the basis of their
fast growth potential.

Tolerance to Salinity

To select those isolates that are tolerant to salinity in vitro,
screening in culture media containing different NaCl con-
centrations was performed. Results show that from 86
bacterial isolates, 71 were able to tolerate nutrient agar
medium containing 500 mM NaCl. Upon further increas-
ing the concentration of NaCl, only 62 isolates were
selected that were able to tolerate 1 M NaCl. These 62
isolates were then studied for their PGP characteristics.

Phosphate Solubilization

When the phosphate solubilization potential of the 62
isolates was studied, 28 isolates showed a zone of phos-
phate solubilization on Pikovskyaya’s agar medium using
TCP. The zone of phosphate solubilization on agar plates
ranged from 9 to 22 mm within 4 days of incubation. The
MSCI1 isolate yielded the best phosphate solubilization, as
shown in Fig. 1. Of the 28 isolates that had good phosphate
solubilization on agar plates, 15 of the best phosphate
solubilizers were then further studied for phosphate solu-
bilization in liquid medium. All 15 isolates showed phos-
phate solubilization in Pikovskyaya’s liquid medium in the
range of 9—45 ng/ml, as shown in Fig. 2. Isolate MSC4
showed the maximum phosphate solubilization in liquid
medium. A decrease in pH of the liquid medium was
observed in all 15 isolates. The pH of the isolates declined
from 7.2 to 4.5 (Fig. 2).
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Fig. 1 Solubilization of TCP 25 4
in Pikovskyaya’s solid medium
by native strains isolated from
saline areas of Gujarat
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Fig. 2 Solubilization of TCP 50 +
and decrease in pH by isolates
in Pikovskyaya liquid medium
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Siderophore Production

Siderophore production of the 15 selected isolates was
determined by change in color of the CAS agar medium from
dark blue to yellow or purplish pink around the colony. Of the
15 selected isolates, 13 showed siderophore production. The
zone of siderophore production on the CAS agar plate ranged
from 9 to 30 mm, as shown in Fig. 3. Isolate MSC1 showed
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the highest siderophore production among all the other iso-
lates. Quantitative analysis was performed to check for the
type of siderophore produced, that is, hydroxymate or
catecholate. All the isolates were observed to produce the
hydroxymate type of siderophore. It was observed that all 13
isolates produced siderophore in the range of 11-50 mM.
Among all the isolates, the MSCI1 isolate showed better
siderophore production after 24 h of incubation (Fig. 3).
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Indole Acetic Acid Production

Indole acetic acid production was estimated in all 13
selected isolates. Of these, ten isolates were able to produce
IAA in tryptone yeast medium. The range of production
was 10-26 pg/ml after 72 h of incubation (Fig. 4). Maxi-
mum IAA production was observed in isolate MSC4. The
pattern of production of IAA was an increase up to 96 h

K11 MSC1 B4 BS B6 B7 B8
Isolates

Siderophore productionin liquid medium (mM)

B13 MSC4 B15

K11 MSC1 B6 B7 B8 B13 MSC4 B15

Isolates
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and thereafter a continuous decrease after 120 h of incu-
bation was observed.

Growth Promotion of Chickpea Under Salinity
Conditions

Plant growth in the presence of 300 mM NaCl resulted in
the conclusion that adding NaCl to soil reduced growth of
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Table 1 Influence of different PGPR treatments on vegetative parameters of chickpea plants in the presence of 300 mM NaCl

Isolates MSC1 B8 B7 MSC4 B15 Control —ve Control +ve
No. of leaves 121.2%* 98.20™ 106.62™ 108.00%* 108.13™ 102.20 92.25
Branches 13.55% 11.40™ 13.28% 12.10™ 12.51™ 12.51 12.48
No. of lateral roots 37.44™ 37.27™ 37.58™ 40.67" 43.44% 44.14 36.62
Leaf size (mm) 3.33™ 3.00™ 4.00% 3.00™ 4.66%* 4.00 1.66
Root length (cm) 9.22™ 7.00™ 7.92"™ 9.50™ 8.45™ 10.34 5.39
Shoot length (cm) 20.77* 16.44™ 18.44™ 18.62" 15.22" 18.40 15.48
Fresh weight (mg) 795.80™ 751.81™ 497.77" 761.48% 655.04™ 763.41 738.92
Dry weight (mg) 98.527% 70.92™ 65.98™ 95.37%* 75.08™ 90.47 91.54
Chlorophyll a (mg/g wt) 0.20" 0.26%* 0.23™ 0.317%* 0.21™ 0.15 0.21
Chlorophyll b (mg/g wt) 0.35" 0.45% 0.44™ 0.56™ 0.43™ 0.36 0.41
No. of fruits 150™ 100™ 115" 155" 105™ 125 73

No. of flowers 25.7™ 23.3"™ 20.4™ 27.3™ 19.4™ 20.0 16.7

Values are the mean of triplicates

C —ve control plants without added stress and PGPR; C +ve control plants with added salinity but without PGPR; ns nonsignificant

* Significant at 5% LSD; ** significant at 1% level of LSD as compared to control

chickpea. Plants grown in saline soil showed a reduction in
root length to about 48% of that of chickpea plants grown
in normal soil. A decrease of 16% was observed in the
shoot length of plants in soil treated with NaCl compared to
plants in untreated soil. Plants grown in the presence of
NaCl without treatment with PGPR showed an almost 71%
reduction in root length and about a 34% reduction in shoot
length in comparison to chickpea plants grown in the
presence of isolate MSC1. A reduction was also observed
in the number of leaves and lateral roots. Comparisons
between all the vegetative parameters were made between
normal soil (control —ve), saline soil (control +ve), and
saline soil inoculated with different PGPR.

Enhancement of root length was the greatest in MSC4-
treated plants, followed by MSCl1-treated plants, compared
to untreated controls. Maximum shoot length was observed
in MSCl-treated plants, which was about 34% higher than
untreated plants.

Plants treated with isolates MSC1, MSC4, and B7 showed
an increased number of leaves compared to untreated plants,
where the maximum increase in the number of leaves (31%)
was observed in plants treated with MSC1. The MSCI1-
treated plants also showed an increase in the number of
branches (8.6%) compared to all other treatments. In MSC1-
treated plants, fresh weight and dry weight were higher than
uninoculated NaCl added plants. Plants treated with isolate
B7 showed a minimum increase in fresh weight and dry
weight, which was less than that in untreated plants. The
number of lateral roots was reduced compared with that of
plants grown without salinity stress, whereas it was the
greatest in plants treated with isolate B15 in comparison with
other treatments and control plants with salinity stress.
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In MSC4-treated plants, there was an increase in chlo-
rophyll content compared to both NaCl-added and NaCl-
free plants (Table 1). Plants treated with the isolate MSC4
had a maximum increase in the number of fruits (112%)
compared to uninoculated controls. Plants treated with
isolate MSCI1 also showed an increase in the number of
fruits (105%) in comparison to controls. MSC4-treated
plants had a maximum increase in the number of flowers
(63%) under saline stress compared to uninoculated plants.
Plants inoculated with MSC1 also showed an increase in
the number of flowers (54%) in comparison to uninoculated
controls. Plants treated with isolates B7, B8, and B15
showed a negligible increase in the number of fruits and
flowers compared to controls.

The study of various vegetative parameters, that is, leaf
size, number of leaves, number of branches, number of
lateral roots, and number of flowers and fruits showed that
the best growth promotion was observed in plants treated
with MSCI1. MSC4 was the next most effective treatment
in terms of growth promotion. B7, BS, and B15 showed
negligible increases in root length and shoot length com-
pared to NaCl-added plants.

Soil Analysis

Soil analysis showed that there was an increase in TOC in
the soil inoculated with isolate MSC4. Phosphorus content
also increased in the soil treated with MSC4 in comparison
to uninoculated controls. Soil treated with isolate MSCl1
showed an increase in potassium content which was ben-
eficial to plant growth. The increase in phosphorus and
potassium content in the soil treated with isolates MSCl1
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Table 2 Influence of PGPR on nutrient status of soil after 80 days of treatment

Treatments pH TOC (%) PO, (kg/ha) K (kg/ha) Fe (ppm) Zn (ppm) Cu (ppm) Mn (ppm)
MSC1 72 4+0.3 0.63 £+ 0.09 48 £ 2.32 314 £ 145 446 £ 0.3 645 + 1.3 1.08 + 0.07 772+ 12
B8 73+04 0.62 + 0.08 41 + 1.33 305 + 18.1 4.10 £ 04 481 £ 2.1 0.74 + 0.09 6.25 £ 0.9
B7 73 +0.2 0.60 + 0.06 45 + 2.51 300 £+ 13.5 3.80 £0.3 5.13 £ 0.8 0.79 + 0.1 6.61 = 0.7
MSC4 7.1 £0.2 0.70 £ 0.01 52 £4.22 321 £ 12.1 528 £0.2 6.52 £ 04 0.95 £ 0.06 7.80 + 0.9
B15 7.0 £ 0.5 0.63 + 0.06 46 £ 3.92 294 + 18.7 391 £0.2 525+ 09 0.81 £+ 0.04 6.07 £ 0.3
Control —ve 72 +0.2 0.69 + 0.04 42 £ 4.66 290 £ 11.5 3.76 £ 0.4 558+ 1.3 0.98 + 0.04 640 + 1.3
Control +ve 72 +£0.2 0.59 £+ 0.06 35 £3.99 250 &+ 14.6 3.56 £ 04 302+ 14 0.54 £+ 0.03 534+ 1.6

99

{ Pseudomonas putida BR_26 IFJ482003.1|
99 Pseudomonas putida BR_24 IFJ482002.11

73

Pseudomonas putida BR_36 IFJ482010.1I

Pseudomonas putida BR_38 IFJ482012.1]

Pseudomonas putida CB2-1IFJ577648.11

—— MSC1

94l Pseudomonas putida OSBH3 IGU329915.1|

Ps. plecoglossicida SM_20 IFJ482096.1|

88

Fig. 5 Phylogenetic analysis of MSC1 based on 16S rRNA gene
sequences available from the European Molecular Biology Laboratory
data library constructed after multiple alignments of data by ClustalX.

and MSC4 is due to their potential to solubilize insoluble P
and release K from silicate in soil and thus enhance mineral
uptake by plants. Plants treated with isolate MSC4 showed
an increase in iron, zinc, and manganese content in the soil
in comparison with controls. Isolates MSC1 and MSC4
have the potential to produce chelators like siderophores
which can chelate minerals like iron, copper, zinc, and
manganese and thus increase the nutrient content in the
soil. Treatment with isolate MSC1 also yielded an increase
in copper content in the soil. Isolates B7, B8, and B15 also
yielded negligible increases in TOC, phosphorus, potas-
sium, iron, copper, zinc, and manganese as compared to
untreated uninoculated plants (Table 2).

Phylogenetic Analysis

To identify the potential rhizobacteria, phylogenetic anal-
ysis was carried out. Using MEGA 4.0, through the NIJ
method a consensus tree was constructed. The selected
strains were run through the BLAST search program,
presenting the highest sequence homology proportion and
query coverage and the lowest E values. The sequence of
another genus was also used to mediate the actual rela-
tionship in the participating sequencing group. The results
of the BLAST search program revealed that isolate MSC1
had a sequence homology with Pseudomonas putida

Ps. plecoglossicida N1 [FJ577676.1]

54 { Pseudomonas putida JM9 IFJ472861.11
99 Pseudomonas putida JM6 |IFJ472858.11

Distances and clustering with the NJ method were calculated by using
MEGA 4.0. Bootstrap values based on 500 replications are listed as
percentages at the branching points

(Fig. 5) and isolate MSC4 had a sequence homology with
Pseudomonas pseudoalcaligens (Fig. 6).

Discussion

Preliminary studies revealed the salt tolerance of different
cultures. Research work that tested the PGP potential of the
isolates and at the same time eliminated isolates that did not
show desired characteristics was systematically carried out.
Solubilization of phosphates by rhizobacteria was observed
by 15isolates. A decrease in the pH of the liquid medium was
observed in all 15 isolates. However, no correlation between
P solubilization and pH reduction was observed by Tank and
Saraf (2003). Similarly, El-Azeem and others (2007) repor-
ted that all 81 isolates studied for the solubilization of TCP
were able to solubilize TCP in broth cultures (quantitative
method), 53 isolates solubilized phosphate in solid medium
(qualitative method), and the pH values of the cultures were
reduced from the initial value of 7.1 to values that varied
between 4.16 and 6.45. On the other hand, Rajankar and
others (2007) reported that bacteria like Bacillus subtilis and
Bacillus megatherium isolated from the saline belt of the
Purna River Basin were able to solubilize phosphate and
release a minute quantity of acid that reduced the salinity of
the soil by neutralization.
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100 MSC4
{ Ps. pseudoalcaligens TSIW01IAM9921]
Pseudomonas sp. S11 IFJ440552.11
{ Ps. pseudoalcaligens JM2 IFJ472854.11

Ps. pseudoalcaligens JM5 |FJ472857.1|
Ps. nitroreducens FS15 IGQ179979.11

Fig. 6 Phylogenetic analysis of MSC4 based on 16S rRNA gene
sequences available from the European Molecular Biology Labora-
tory data library constructed after multiple alignments of data by

Only 13 of the 15 isolates were able to produce iron-
chelating substances, that is, siderophores, which were
found to be the hydroxamate type. However, only 10 were
found to produce phytohormones (IAA) and maximal
levels were produced by MSC4. Similarly, Chandra and
others (2007) reported that Mesorhizobium loti MP6,
isolated from root nodules of Mimosa pudica, showed
production of the hydroxamate type of siderophore.
Pseudomonas putida produced siderophore and induced
systemic resistance in watermelon against gummy stem rot,
whereas the siderophore-negative mutants failed to induce
resistance (Lee and others 2005). Sarode and others (2009)
reported that during a screening study of PGPR, of 32
strains, 8 were able to grow in iron-deficient medium and
produce siderophore. Maximum siderophore production
was observed by Acinetobacter calcoaceticus, which was
shown to produce the catechol type of siderophore. Datta
and Basu (2000) reported that a decrease in IAA produc-
tion in Rhizobium sp. from Cajanus cajan after 72 h might
be due to the release of IAA-degrading enzymes such as
IAA oxidase and peroxidase.

The effect of the five isolates in our study was then
observed in pot trials using chickpea. The effect of salinity
could be relieved in plants inoculated with selected PGPR
compared to plants not treated with PGPR. Primary root
length enhancement was maximal in MSC4 followed
by MSCI. Similarly, Vivas and others (2003) reported
enhanced root and shoot growth of lettuce inoculated with
Bacillus spp. under dry salt stress conditions. Munns
(2003) mentioned that suppression of plant growth under
saline stress may be due to the decreasing availability of
water or toxicity of high salt concentrations.

A substantial increase in root length may be responsible
for increased nutrient uptake by plants. The seeds treated
with MSC4 and MSC1 showed maximum growth of roots
and shoots, resulting in growth promotion and higher
yields. Zahir and others (2008) reported increases in the
shoot length, fresh weight, and number of leaves per pea-
plant. This result is in accordance with our results where
we observed an increase in root length, shoot length,
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51 { Ps. mendocina JM3 IFJ472855.11
100 Ps. mendocina IDQ641475.1

ClustalX. Distances and clustering with the NJ method were
calculated by using MEGA 4.0. Bootstrap values based on 500
replications are listed as percentages at the branching points

number of leaves, and lateral root count of chickpea when
inoculated with MSC1 and MSC4 under salt stress. An
increase in chlorophyll content in all plants treated with
PGPR under saline stress has also been reported by
Nadeem and others (2006), whereas Lee and others (2001)
reported an increase in chlorophyll a and b in lettuce plants
grown in the presence of NaCl stress. Increased chlorophyll
content may be the result of an increase in the photosyn-
thetic area of plant leaves at high salt stress by PGPR
inoculation compared to control untreated plants where leaf
area was reduced due to stress. An increase in chlorophyll
content may also be attributed to the increase in the pho-
tosynthesis load on plants to fulfill plant nutrient require-
ments under stress conditions. According to Cheeseman
(1988), salinity stress diverts metabolic carbon to storage
pools, so as a result less carbon is available for growth,
leading to reduced growth of plants.

Mishra and others (2010) reported that PGPR under
salinity stress are able to enhance the production of IAA
and solubilization of phosphorus, thereby improving root
length, shoot length, and dry weight of roots and shoots of
C. arietinum L. plants. Similarly, Pandya and Saraf (2010)
reported that application to chickpea of bioinoculants
with phosphate solubilization and siderophore production
potential yielded increases in all vegetative growth
parameters under saline conditions.

In light of the present results, it may be concluded that
saline soils inhibit growth, metabolic activity, and yield of
chickpea. However, due to the plant growth-promoting
properties of the isolates MSC1 (Pseudomonas putida) and
MSC4 (Pseudomonas pseudoalcaligens), the stress of
salinity could be reduced and the growth of plants is almost
at par with normal soils.

Conclusion
The use of soil rhizosphere bacteria possessing the traits of

plant growth promotion under saline stress is becoming
prevalent worldwide to achieve sustainable agriculture
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along with soil reclamation through phytoremediation as
well as bioremediation. The present study demonstrated the
ability of native strains in saline areas to tolerate salinity
and show plant growth-promoting potential. From a total of
176 bacterial isolates, 62 have the potential to tolerate
salinity up to 1 M NaCl concentration. Five bacterial iso-
lates were screened out that not only can tolerate high
salinity but play an essential role in helping plants to
establish and grow in salinity conditions. Isolate MSCI1
increased the root length of treated plants by 71% and
shoot length by 34% compared to untreated plants. MSC4
was another effective growth promoter and increased root
length by 76%. Treatments with isolates MSC4 and MSC1
also yielded the maximum increase in the number of
flowers by 63 and 54%, respectively. Plants inoculated with
MSC4 and MSCI showed an increase in the number of
fruits by 112 and 105% in comparison with uninoculated
controls. Thus, using strains with all the PGPR attributes
can enhance plant growth under saline conditions.
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