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Abstract
The use of soil rhizosphere bacteria possessing the traits of plant growth promotion under saline stress is becoming
prevalent worldwide to achieve sustainable agriculture along with soil reclamation through phytoremediation as well
as bioremediation. A detailed study of the natural population in the rhizosphere of three halophytes grown in saline
soils was carried out  to isolate and identify salt tolerant bacteria that could express plant growth promotion (PGP)
traits at high salt concentrations. In the present study, 15 bacteria were isolated from the rhizosphere of halophytes
grown in beach soils. Majority of the bacterial isolates were identified as Vibrio sp, Bacillus sp and Pseudomonas sp based
on biochemical and morphological observations. The pH and electrical conductivity of the soil were found to be 8 and
6.7 dS m-1 respectively. Out of the 15 bacteria isolated from saline rhizospheres, six isolates showed tolerance to high
salt concentration (12.5% NaCl). The potential salt tolerant bacterial isolates were further analyzed for the sodium
uptake pattern which showed successive increase in the amount of sodium uptake pattern from 0.1M concentration up
to 3M concentration of NaCl. The selected PGPR in this study were adapted to 12.5% NaCl stress and were able to
produce IAA, ammonia, HCN, amylase and protease. They also exhibited the ability of phosphate solubilization and
nitrogen fixation which would help plants to sequester inorganic phosphate available in the soil and to fix atmospheric
nitrogen. The data represented here is quite encouraging to use these PGPR for enhancing plant growth under saline
stress conditions..
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INTRODUCTION

World population is growing at an alarming rate and
is anticipated to reach about six billion by the end of
year 2050. On the other hand, agriculture productivity
is not increasing at a required rate to keep up with the
food demand. The reasons for this are water shortage,
depleting soil fertility and mainly various abiotic
stresses.

Soil salinity is one of the most significant abiotic
stresses among adverse environmental factors that
affect the agricultural sector (Yadav et al., 2011). It can
be described as high ion concentration in the soil
solution that restricts plant growth, due to high
osmotic potential of the solution that inhibits plant
water uptake. The saline soil is considered when the
electrical conductivity (EC) of the soil solution is over
4 dS m-1 (equivalent to 40 mM NaCl) (El-Swaify, 2000).
The detrimental effects of salinity on plant growth can
be divided into three broad categories: a) reduction in
the soil osmotic potential thus reducing the amount
of water available to plants, b) specific sodium ion

toxicity, and c) inhibition of nutrient uptake resulting
in nutrient imbalance (Ahl and Omer, 2011), together
influencing plant growth and yield, which makes it
necessity to look for alternate strategies that help plant
to mitigate saline stress. Special effort is necessary for
the maintenance of crop production under salinity
stress and for the expansion of area under irrigation
(Batlle- Sales, 2010).

Most of the rhizosphere microorganisms have been
reported to have imparted some degree of tolerance to
plants that are growing under abiotic stresses like
temperature, water and osmotic stress (Grover et al.,
2011). One of the recently gaining practices of
counteracting the adverse effects of salinity on plant
growth includes the implementation of salt tolerant
bacteria which exhibit natural plant growth promoting
ability in such conditions. Selection of microbial
isolates from naturally stressed environments or
rhizosphere is considered as possible measures for
improving crop health which can control diseases and
also promote plant growth.

Coastal ecosystem is one of the least studied marine
ecosystems, which has fluctuating pH, salinity,
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temperature and physical structures. Plants of the
coastal ecosystems are categorized into halophytes.
This small group of plants consists only of few plant
species which can grow in extremely unfavourable
conditions, e.g.: salt marshes, estuaries, cliffs, dunes
or deserts (Gago et al., 2011). Microorganisms
associated with halophytes may contribute to the
promotion of plant growth under stress conditions.
However, reports on the exploration of bacteria
associated with halophyes  and their beneficial
activities are very scarce despite of their potential.

 Plant growth promoting rhizobacteria (PGPR) are the
potent agents which can imply ‘immunity’ to the host
plant species through active colonization over the
plant roots and increase plant growth and yield
(Heidari et al., 2011) through direct or indirect
mechanisms (Verma et al., 2010). The mechanisms of
plant growth promotion by PGPR include: the ability
to produce phytohormones (Egamberdiyeva, 2007),
nitrogen fixation (Salantur et al., 2006), antagonism
against phytopathogens (Ahmed et al., 2008) and
solubilization of insoluble phosphates (Bulgarelli et
al., 2013). It is also suggested that PGPR can also
prevent deleterious effects of stresses from the
environment (Paul and Nair, 2008). Many plant growth
promoting rhizobacteria (PGPR) isolated from saline
environment are known for providing protection to
the plants under saline condition (Upadhyay et al.,
2011, 2012).

The bacteria obtained from saline environment include
Flavobacterium, Azospirillum, Alcaligenes,
Acinetobacterium, Pseudomonas (Reinhold et al., 1987;
Ilyas et al., 2012) Sporosarcina, Planococcus (Ventosa et
al. ,  1983), Bacillus (Upadhyay et al. ,  2009)
Thalasobacillus, Halomonas ,  Brevibacterium,
Oceanobacillus, Terribacillus, Enterobacter, Halobacillus,
Staphylococcus and Virgibacillus (Roohi et al., 2012).
Thus it becomes obvious that the saline environments
too have bacterial diversity which could potentially
colonize the diverse microhabitats and play vital role
in the plant and soil health. Keeping these points in
view investigation was made to isolate salt tolerant
bacteria from the rhizosphere of halophytes,
characterize them both morphologically and
biochemically and to screen the isolates to determine
the plant growth promoting  and salt tolerant traits,
and the results are discussed in this article.

MATERIALS AND METHODS

Collection of Rhizosphere Soil Samples

The roots of the halophytes which were grown wild in
Thiruvanmiyur beach, Chennai, India were collected
in sterile polythene bags in replicates from 0-15cm
depth in three different locations. Rhizosphere soil
samples were obtained by separating soil from plants

roots (similar soil depth), focusing on a soil layer not
thicker than 2 mm from the roots surface. The
rhizospheric soil samples of each plant were brought
to the laboratory and stored at 4°C until further
investigation. The roots of the three halophytes
collected were identified and labeled.

Isolation of Rhizosphere Bacteria from Soil Sample

Rhizospheric bacteria were isolated from 1 g soil tightly
adhering to the root by serial dilution plating on Luria–
Bertani (LB) agar plates as described by Somasegaran
and Hoben (1994). Individual, distinct colonies were
isolated from the incubated plates and repeatedly
plated onto a fresh nutrient agar to obtain pure
colonies and maintained in slant at 4°C for further
use.

Iidentification of Bacterial isolates based on
Morphological and Biochemical Characteristics

The pure isolates obtained from the serial dilution
technique were identified based on the standard
morphological and biochemical properties according
to Bergey’s Manual of Determinative Bacteriology (Holt
et al., 1994). Pure cultures of the isolates were streaked
on to Nutrient, Mac conkey and Blood agar plates
respectively. The individual colonies were then
examined for shape, colour, texture, opacity and
mucosity.  Gram reactions and motility of all the
isolates were recorded.

Further identification of the isolates was carried out
based on the biochemical properties such as, Indole,
Methyl Red, Voges-Proskauer, Citrate utilization,
Catalase, Oxidase, Urease, Triple Sugar Iron agar,
Mannitol and fermentation of Sugars (Glucose,
Lactose, Dextrose, Maltose).

Screening of Bacterial isolates for the highest degree
of salt tolerance using NaCl. (Damodaran et al., 2013)

The salinity tolerance of the isolated bacteria was
determined by amending the basal medium with NaCl
in different concentrations. Nutrient agar was
supplemented with 0.5%, 5%, 7.5%, 10%, 12.5% and
15% of NaCl which served as the selective medium. A
loopful of overnight broth cultures was streaked on to
the nutrient agar plates amended with different
concentrations of sodium chloride. The plates were
incubated at 28 ± 2°C for 24 - 48 hours. After incubation,
the plates were observed for the growth of bacteria.
The appearance of colonies up to the highest
concentration level of sodium chloride incorporated
in the medium indicates the level of salt tolerance of
the isolates.

Sodium uptake pattern of potential salt tolerant
bacterial isolates (Damodaran et al., 2013)

Isolates growing luxuriantly in 12.5% NaCl were
screened for sodium uptake pattern in Luria Bertani
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broth containing different NaCl concentration (0.1, 0.5,
1.0, 1.5, 2.0, 2.5, 3.0 M). The broth was inoculated with
overnight cultures and incubated at 37°C for 24 hours.
After 24 hours, the broth was centrifuged and the
supernatant was discarded. The cell pellet was
harvested and washed with sterile distilled water. The
pellet was digested with 0.1 N HCl overnight at room
temperature. The samples were centrifuged and the
supernatant was collected for further analysis of
sodium uptake pattern. The sodium uptake by bacterial
cells was estimated using Flame photometer.

In vitro analysis for the plant growth promoting traits
of potential salt tolerant bacterial isolates

Production of Indole Acetic Acid (IAA) (Brick et al.,
1991)

Indole acetic acid production was detected in nutrient
broth. The nutrient broth was inoculated with
overnight broth cultures and incubated at 36 ± 2°C for
72 hours. Fully grown cultures were centrifuged at
3000 rpm for 30 min.  2ml of the supernatant was mixed
with 2 drops of ortho phosphoric acid and 4ml of
Salkowski reagent (50ml of 35% of perchloric acid plus
1ml of 0.5M FeCl3 solution). The reaction was allowed
to proceed until adequate color was developed.
Development of pink color indicates the production of
Indole acetic acid.

Phosphate Solubilization (Priyanthi et al., 2007)

Phosphate solubilization of isolates was evaluated
from the ability of the organism to solubilize inorganic
phosphate. In this assay, Sperber’s medium containing
calcium phosphate as the inorganic form of phosphate
was used. A loopful of overnight broth culture was
streaked on to the plates. The plates were incubated at
28 ± 2°C for 24-48 hrs. After incubation, the plates were
observed for the zone of clearance around the colonies
indicating the phosphate solubilizing ability of the
isolates.

Production of Ammonia (Cappucino and Sherman,
1992)

The strains were tested for ammonia production. The
production of ammonia was tested in peptone water.
100µl inoculum of overnight broth culture was
inoculated in 10ml peptone water and incubated at
30°C for 48–72 h. After incubation, 0.5 ml of Nessler’s
reagent was added to each tube. The tubes were
observed for any prominent colour change.
Development of brown to yellow color was recorded
as a positive result for ammonia production.

Production of Hydrocyanic acid (HCN) (Lorck, 1948)

Nutrient agar plates were amended with 4.4 g glycine
per liter. Point inoculation with overnight broth

cultures was done on modified agar plate. A sterile
Whatman No. 1 filter paper was soaked in 2% sodium
carbonate and 0.5% picric acid solution was placed
on to the surface of the agar. The plates were sealed
with parafilm in order to maintain the gaseous
metabolites and the reaction was allowed to take place.
The plates were incubated at 28 ± 2°C for 4 to 7 days.
The plates were observed for visible colour change of

1     
    

No change No HCN production

2     
    

Yellow to brown Weak HCN production

3     
    

Yellow to brownish orange Moderate HCN production

4     
    

Yellow to complete orange Strong HCN production

Color change InterpretationS.
No.

the filter paper, and the results were interpreted based
on the colour change which was as tabulated below:

Nitrogen Fixation by the bacterial isolates (Priyanthi
et al., 2007)

The ability of the bacteria to fix nitrogen under free
living conditions was tested on Norris-N free medium.
A loopful of bacterial culture was streaked on to the
plates and incubated at 28°C for 24-48 hrs.  After
incubation, the plates were observed for growth of the
colonies which indicates the ability of the organism to
fix nitrogen under free living conditions.

Enzyme production

Production of Amylase

The isolates were streaked on the starch agar plates
and incubated at 28 ± 2°C for 24-48 hrs.  After
incubation, the plates were flooded with iodine
solution. The plates were observed for the presence of
clear zone around the colonies which indicates the
ability of the organism to hydrolyze starch present in
the medium.

Production of Protease

The isolates were streaked on the skim milk agar plates
and incubated at 28 ± 2°C for 24-48 hrs.  After
incubation, the plates were observed for the zone of
clearance around the colonies. Production of halo zone
indicated the ability of the organism to hydrolyze
casein present in the medium.

RESULTS

The rhizosphere soil samples of three halophytes were
collected. The three halophytes were identified as
Wedilia biflora, Crinum asiaticum, and Ipomoea biloba
(Fig. 1). The pH and electrical conductivity of the soil
sample was known to be 8 and 6.7 dS m-1 respectively.
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Isolation and identification of Bacterial isolates

A total of fifteen isolates were obtained in this study.
Among the fifteen isolates, two were isolated from the
sample collected from Wedilia biflora, and designated
as WB. Eight were obtained from Crinum asiaticum and
were designated as CA. Five isolates were obtained
from Ipomoea biloba and designated as IB.

Fifteen bacterial isolates were identified based on
staining reaction, morphological and biochemical
characteristics according to the Bergey’s Manual of
Determinative Bacteriology (Holt et al., 1993).

The fifteen bacterial isolates were identified as
Achromobacter sp, Pseudomonas sp 1 and 2, Vibrio sp
1,2,3,4 and 5, Bacillus sp 1,2,3,4 and 5, Staphylococcus
sp and Photobacterium sp.   (Table 1 and 2).

Screening of bacterial isolates for the highest degree
of salt tolerance using NaCl

The salt tolerance ability of each bacterial isolate was
tested at different NaCl concentration. All the 15
isolates grew luxuriously at 0.5% NaCl concentration.
80% of the isolates could tolerate 5% NaCl and 73% of
the isolates tolerated 7.5% NaCl concentration.  66%
of the isolates were tolerant to 10% NaCl
concentration. 40% of the isolates were found tolerant
up to 12.5% NaCl concentration. None of the isolates
was tolerant to 15% NaCl concentration, (Table 3).

Hence in the current study, 6 isolates which showed
maximum NaCl tolerance (up to 12.5%) were subjected
to further investigation. The isolates were found to be

b) Wedilia biflora

Fig. 4. Identification of three Halophytes

a) Crinum asiaticum

c) Ipomoea biloba

Bacterial 
isolates

Nutrient agar
Macconkey 

agar
Blood agar

IB1 Off white, rough, 
raised, no 

pigmentation

Non lactose 
fermenting

Non 
haemolytic

IB2 Off white, round 
colonies, low 

convex. 

Non lactose 
fermenting

Heamolytic 

CA1 Orange, 
translucent, 

smooth,

lactose 
fermenting

Non 
haemolytic

IB3 Off white, 
translucent, 

smooth,

lactose 
fermenting

Non 
haemolytic

CA2 Off white, rough, 
raised, no 

pigmentation

lactose 
fermenting

Heamolytic

IB4 Orange, 
translucent, 

smooth,

lactose 
fermenting

Non 
haemolytic

CA3 Yellow, spherical, 
opaque, raised 

colonies

lactose 
fermenting

Non 
haemolytic

CA4 Off white, 
translucent, 

smooth

lactose 
fermenting

Non 
haemolytic

WB2 Off white, 
translucent, 

smooth

lactose 
fermenting

Non 
haemolytic

CA5 Off white lactose 
fermenting

Non 
haemolytic

CA6 Off white, round 
colonies, low 

convex.

Non lactose 
fermenting

Non 
haemolytic

IB5 Off white, rough, 
raised, no 

pigmentation

lactose 
fermenting

No growth

WB1 Off white, rough, 
raised, no 

pigmentation

Non lactose 
fermenting

Non 
haemolytic

CA7 Off white, rough, 
raised, no 

pigmentation

lactose 
fermenting

Heamolytic

CA8 Off white, rough, 
raised, no 

pigmentation

Non lactose 
fermenting

Partially  
Heamolytic

Table.1. Identification of Bacterial isolates based on
Morphological characteristics on different agar plates
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Achromobacter sp ++++ - - - - -
Pseudomonas sp 1 ++++ +++ +++ + - -
Vibrio sp 3 ++++ +++ +++ + - -
Vibrio sp 1 ++++ +++ +++ + - -
Bacillus sp 2 ++++ - - - - -
Vibrio sp 2 ++++ +++ +++ + + -
Staphylococcus sp ++++ +++ +++ + + -
Vibrio sp 4 ++++ +++ +++ + + -
Vibrio sp 5 ++++ - - - - -
Photobacterium sp ++++ +++ +++ - - -
Pseudomonas sp 2 ++++ +++ +++ + + -

Bacillus sp 3 ++++ +++ - - - -
Bacillus sp 5 ++++ +++ +++ + - -
Bacillus sp 1 ++++ +++ +++ + + -

Bacillus sp 4 ++++ ++++ ++++ +++ +++ -

BACTERIAL ISOLATES
NaCl concentration

0.50% 5% 7.50% 10% 12.50% 15%

Table.3. Screening of bacterial isolates for the highest degree of salt tolerance using NaCl

++++ Luxuriant growth +++ Moderate growth
+ Less Growth - No Growth

Bacillus sp 1 and 4, Vibrio sp 2, and 4, Staphylococcus
sp and Pseudomonas sp 2.

Sodium uptake pattern of potential salt tolerant
bacterial isolates

All the six bacterial isolates showed the increased
amount of sodium uptake pattern from 0.1M to 3M
concentration of NaCl. Among the six bacterial
isolates, two isolates namely Bacillus sp 1 and Vibrio
sp 2 showed maximum sodium uptake of 3M
concentration of NaCl (96.3 ppm and 105 ppm)

respectively. The bacterial isolate Bacillus sp 4 showed
least amount of sodium uptake (46.4 ppm) at 3M NaCl
concentration (Table 4).

In vitro analysis for the plant growth promoting traits
of potential salt tolerant bacterial isolates

The plant growth promoting traits such as IAA
production, HCN production, Ammonia production,
Phosphate solubilization, Nitrogen fixtion and
enzyme production were analysed (Table 5).

All the six isolates, Bacillus sp 1 and 4, Vibrio sp 2,
Vibrio 2 and 4, Staphylococcus sp and Pseudomonas sp 2
were considered as positive for IAA production. 100%
of isolates were positive for IAA production.

Only three isolates, Bacillus sp 1, Vibrio sp 2 and 4
solubilized insoluble inorganic phosphate present in
the medium after 48 hours of incubation. Hence, 50%
of isolates were considered as positive for phosphate
solubilization.

Among the six salt tolerant strains, only four isolates
(67%) namely Bacillus sp 1 and  4, Pseudomonas sp 2,
and Vibrio sp 2 showed the development of brown
colour on addition of Nessler’s reagent. 67% of isolates
were positive for ammonia production.

Three out of six isolates namely, Bacillus sp 1,
Staphylococcus sp and Vibrio sp 2 showed prominent

0.1M 0.5M 1M 1.5M 2M 2.5M 3M
Bacillus sp 1 32.1 42.2 56.4 72.7 76 84.2 96
Bacillus sp 4 10.1 18.2 21.6 29.8 35 37.2 46
Pseudomonas sp 2 31.2 36.1 37.1 40 43 49.7 51
Vibrio sp 4 6.2 8.3 20.1 21 21 40.4 55
Staphylococcus sp 11.5 15.8 16.5 45.6 53 60.4 85
Vibrio sp 2 31.7 33 54.5 56.5 67 70.6 105

Bacterial Isolates
NaCl concentration (ppm)

Table.4. Sodium uptake pattern of potential saly
tolerant bacterial isolates

M Molar concentration
PPM Parts Per Million

P. Deepthy and P. Nirmala
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color change from yellow to complete orange. Hence,
50% isolates were considered as positive for HCN
production.

Three out of six isolates were grown on Norris N free
agar medium. The isolates were namely, Bacillus sp 4,
Pseudomonas sp 2 and Vibrio sp 2. Hence, 50% of the
salt tolerant isolates were able to fix atmospheric
nitrogen.

Four out of six isolates were found to hydrolyze starch
present in the medium by producing the enzyme
amylase. The following isolates such as Bacillus sp 1
and 4, Pseudomonas sp 2, and Staphylococcus sp were
Table.5. In vitro analysis for the plant growth
promoting traits of potential salt tolerant bacterial
isolates

+ Production of the growth promoting substance
-  No production of the growth promoting substance

positive for amylase production. Approximately 67%
of the isolates were considered positive for amylase
production.

DISCUSSION

A detailed study of the natural population in the
rhizosphere of three halophytes grown in saline soils
was carried out. In the present study, salt tolerant
bacterial species were isolated,  identified and screened
for the expression of plant growth promoting (PGP)
traits at high salt concentrations. Our study
established that the bacterial diversity was reduced
with increase in soil pH under natural selection sites.
It has been reported earlier that soil salinity plays a
prominent role in the microbial selection process as
environmental stress leads to reduce bacterial
diversity (Borneman et al., 1996). In our study, three

Bacillus 
sp 1

+ + + + - Hydrolysis +

Bacillus 
sp 4

+ - + - + Partial 
hydrolysis

-

Pseudomo
nas sp 2

+ - + - + Hydrolysis +

Vibrio sp 
4

+ - - + - No hydrolysis +

Staphyloc
occus sp

+ + - - - Partial 
hydrolysis

+

Vibrio sp 
2

+ + + + + No hydrolysis -

AMYLASE 
PRODUCTION

CULTURE 
NUMBER

halophytic plants which were grown wild were
selected for the collection of rhizospheric soil samples
in order to isolate salt tolerant organisms. Earlier
studies also reported that grasses (Damodharan et al.,
2013) and weeds (Naz et al., 2009) were selected for the
isolation of salt tolerant organisms.

In our study, 15 isolates were obtained from natural
selection in the rhizosphere of halophytes grown in
beach soils. The bacterial isolates identified were Vibrio
sp, Bacillus sp and Pseudomonas sp based on the
morphological and biochemical observations. Earlier
studies showed that the genera such as Bacillus and
Pseudomonas tend to be predominant in saline soils
(Tank and Saraf, 2010; Damodharan et al., 2013).
Earlier studies reported that bacteria obtained from
saline environment include Flavobacterium ,
Azospirillum, Alcaligenes, Acinetobacter, Pseudomonas
(Ilyas et al., 2012); Sporosarcina, Planococcus, Bacillus
(Upadhyay et al., 2009), Thalasobacillus, Halomonas,
Brevidobacterium , Enterobacter, Halobacillus,
Staphylococcus and Virgibacillus (Roohi et al., 2012).

In our study, the pH and electrical conductivity of the
soil were 8 and 6.7 dS m-1. Hence, the soil was saline
in nature. The soil in general is said to be saline, if the
conductivity exceeds 4 dS m-1 or the concentration of
salts is higher than 0.1% (Juniper and Abbot, 1993).

Out of the 15 bacteria isolated from saline
rhizospheres, six isolates showed tolerance to high
salt concentration (12.5% NaCl). The isolates were
Bacillus sp 1, Bacillus sp 4, Vibrio sp 2, Vibrio sp 4,
Staphylococcus sp and Pseudomonas sp 2. As the
concentration of NaCl increases, there was a constant
decrease in the number of organisms. Our results are
in line with the results of other researchers  (Tank and
Saraf, 2010) who reported that the bacterial strains
isolated from tomato rhizosphere could tolerate 8% of
NaCl stress. Hence, LD95 of NaCl for all PGPR was 8%.
Kataoka et al., 2017  also suggested that there was down
regulation of growth under successive increase of NaCl
concentration. The isolates, Exiguobacterium sp and
Serratia sp had maximum tolerance up to 10% NaCl
concentration. Deshwal and Kumar (2013) also
suggested that all Pseudomonas strains tolerated 1.25%
NaCl in medium. It is also suggested that 23 Bacillus
isolates were grown at 10% NaCl.

The potential salt tolerant bacterial isolates were
further analyzed for the sodium uptake pattern. It was
found that all the six bacterial isolates showed the
successive increase in the amount of sodium uptake
pattern from 0.1M to 3M concentration of NaCl. Among
them two bacterial isolates namely Bacillus sp 1 and
Vibrio sp 2 showed maximum uptake of sodium when
cultured under invitro conditions. The results were

Screening of plant growth promoting potential....
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contradictory to the study conducted by Damodaran
et al., (2013) which stated that at different molar (M)
concentration of NaCl the bacterial isolates showed
increasing sodium (Na+) uptake up to 1M NaCl beyond
which there was a significant decline. Kataoka et al.,
(2017) also reported 8 strains (Species of Arthobacter
and Bacillus) of sodium resistant plant growth
promoting rhizobacteria from halophyte Salsola
grandis in saline alkaline soils in Turkey

PGP activity of the bacteria present in the rhizosphere
was found to exert beneficial effects on plant growth
mechanism. Several mechanisms such as production
of phytohormones, suppression of deleterious
organisms, production of IAA, activation of phosphate
solubilization and promotion of the mineral nutrient
uptake were believed to involve in plant growth
promotion by PGPR.

IAA, the most common auxin, functions as important
signal molecule in the regulation of plant development
(Usha et al., 2012). The synthesis of phytohormone IAA
is a frequently used mechanism of PGPR to enhance
plant growth (Glick, 2012). IAA regulates several
aspects of growth and development by controlling
critical biological process, such as lateral root
initiation, cell enlargement, cell division and increase
in the root surface area that helps in an uptake of soil
nutrients (Zhao, 2010). All bacterial isolates, studied
here, produced  significant quantity of IAA and their
levels were similar or, even, higher than other PGPR
that promote growth in various crop species (Majeed
et al., 2015; Zahid et al., 2015).

Phosphorus is an essential nutrient for plant growth
and development and is typically insoluble or poorly
soluble in soils under salt stressed conditions
(Harrison et al., 2002). Some of the bacteria are known
to improve the solubilization of the fixed soil
phosphorus and applied phosphates, resulting in
higher yields even under stress conditions (Banerjee et
al., 2010). In our experiment, rhizobacterial isolates
Bacillus sp 1, Vibrio sp 4 and 2 showed invitro
phosphate solubilizing efficiency. Ability to solubilize
various insoluble phosphates is always a desirable
attribute for a competent PGPR. Phosphate
solubilization by Bacillus sp, isolated from salt stressed
environment had been observed by earlier researchers
(Son et al., 2006). Ullah and Bano (2015) also reported
that Bacillus sp., isolated from rhizospheric soil
of Atriplex leucoclada, and Arthrobacter pascens, isolated
from rhizospheric soil of Suaeda fruticosa, were active
phosphate solubilizers, bacteriocin and siderophore
producers.

Production of ammonia (Wani et al., 2007) and HCN
(Schippers et al., 1990) were the important attributes of

PGPR that influences plant growth indirectly and
strengthen the host disease resistance mechanism
respectively. In our present study, Bacillus sp 1 and 4,
Vibrio sp 2, and Pseudomonas sp 2 produced ammonia.
Majority of the ammonia producing bacteria identified
were belonged to the genus Bacillus sp. Earlier studies
reported that production of ammonia was commonly
detected in the isolates of Bacillus sp and Pseudomonas
(Joseph et al., 2007; Damodaran et al., 2013).

In our present study, Bacillus sp 1, Vibrio sp 2, and
Staphylococcus sp produced HCN. It has been reported
that hydrocyanic acid indirectly influenced the growth
promotion of plant. Studies have shown that isolates
from rhizosphere of rice (Suresh et al., 2010), mangrove
and effluent contaminated soil, chick pea showed the
production of HCN (Samuel and Muthukkarppan,
2011). For many Pseudomonads, production of
metabolites, such as antibiotics, siderophores and HCN
is the primary mechanism for biocontrol (Kremmydas
et al., 2013).

50% of the salt tolerant isolates namely, Bacillus sp 4,
Pseudomonas sp 2 and Vibrio sp 2 were not able to fix
atmospheric nitrogen in contrary to the results of the
study conducted by Tennakoon  (2007) which stated
that none of the isolates grown on Norris N-free
medium were considered as non- nitrogen fixers.

It has also been reported previously that bacteria
isolated from saline soil are more likely to withstand
saline conditions. On the other hand, if such bacteria
also possess plant growth promoting traits, they would
be ideal for use in sustainable agriculture
(Egamberdiyeva and Islam, 2008).

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 along with soil reclamation through
phytoremediation as well as bioremediation. The
selected PGPR in this study adapted to 12.5% NaCl
stress and were able to produce IAA, ammonia, HCN,
Amylase and protease. They also exhibited phosphate
solubilizing and nitrogen fixing abilities which help
the plants to sequester inorganic phosphate available
in the soil and to fix atmospheric nitrogen. The data
represented here are quite encouraging to use these
PGPR for enhancing plant growth under saline stress
conditions.
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