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The important constraint for food production is soil salinity as it limits crop yield. In the present investigation, plant growth promoting
halophilic bacteria (PGPHB) from saline soil of Baramati Tehsil of Maharashtra State were isolated, identified and characterized using
physicochemical, biochemical, 16SrRNA gene sequencing and phylogenetic analysis. Plant growth promoting traits of two identified
PGPHB were also detected. Isolates were moderate halophiles identified as Haererehalobacter sp. SM2 and Halomonas sp. SM3. They
grew optimally within the range 3% to10% NaCl concentration. Both isolates were indol acetic acid producing, phoshate solubilizing
and nitrogen fixing bacteria having big potential for bioremediation of salt affeced soils for crop production.
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INTRODUCTION
Soil is the storehouse of plant nutrients but it cannot accomplish the demand by
crop continuously season after season. Soil salinity is the burning problem among
several abiotic stresses, deescalating crop produce (Mayak et al., 2004, Mittler,
2006). These problems are ubiquitous in the arid and semiarid areas and also in
areas where ground waters of high salt content are the only source of water
existing for irrigation (Giri et al., 2003). As reported by Land and Plant Nutrition
Management Service of the Food and Agriculture Organization (FAO) of the
United Nations salt affected soils have covered nearly 7% of the world’s land
area. In India salt affected soils are distributed over 7.044 million hectare area
(Chopra and Paroda, 2015). The salt affected soils are categorized as saline or
sodic (Szabolcs, 1989). One of the man derived reasons of soil salinity is
hydrologic imbalance between applied water and water used by crops. The land
clearing and the substitution of native vegetation with crops and irrigation using
salt rich water or chemical fertilizers or having inadequate drainage-systems are
the crucial causes behind the soil salinity complications. Usually sulphate,
chloride and bicarbonate salts of Na+, K+, Mg2+, and Ca2+ contribute to the
salinity of the soil (Munns and Tester, 2008).
Salinity directly or indirectly disturbs seed germination, respiration,
photosynthesis, nitrogen fixation, phosphorus uptake and solubility of minerals,
nodulation and also cell growth (Xu et al., 2000; Meloni et al., 2003; Parida
and Das, 2005). Salts in soil increase ethylene level in root and are responsible
for ionic imbalance as well as hyper-osmotic conditions in plant. Many technical
measures have been developed to reclaim the saline soil including soil excavation
and soil replacement, leaching, use of chemical and organic amendments. These
technologies became less attractive to the farmers due to cost-effective
practicability. Bacteria associated with plant growth generally increase plant
immunity and productivity (Yildrim and Taylor, 2006). Yang et al. (2008)
emphasized role of these bacteria in inducing systemic tolerance (IST) against
salinity and drought conditions. Under salt stress condition many plant growth
promoting bacteria (PGPB) revealed 1-aminocyclopropane-1-carboxylic acid
(ACC) deaminase activity. The ACC deaminase diminishes the amount of ACC
and ethylene level in root (Glick et al., 1998). Salinity also reduces microbial
number along with diversity (Omar et al., 1994; Borneman et al., 1996). Thus
to alleviate salt stress, an alternative is inoculation of plant growth promoting
halophilic bacteria (PGPHB) on crop seeds and seedlings. Many researchers have
reported salt tolerant PGPB such as Halobacterium, Ochrobactrum,
Acinetobacterium, Bacillus, Enterobacter, Chromohalobacter, Halomonas,
Oceanobacillus and others (Del Moral et al., 1988; Roohi et al., 2012;
Anbumalar and Ashokumar, 2015; Tipre et al., 2015; Orhan, 2016; Sharma

et al., 2016). In the present investigation PGPHB from salt affected area of
Baramati Tehsil of Maharashtra State (India) were isolated, screened, identified
and characterized using physicochemical, biochemical, plant growth promoting
and 16SrRNA gene sequencing features.
MATERIAL AND METHODS
Soil Sample collection
Cautiously collected saline soil samples using sterile polythene bags from saline
soils of Baramati Tehsil (Block) of Maharashtra state were immediately
transported along with ice pack to the laboratory and kept in refrigerator before
the isolation of PGPHB. Soil pH of each sample was determined before the
enrichment study.
Enrichment and isolation
Soil samples were inoculated in the Abram and Gibbons (1960) medium
including 10% sodium chloride (NaCl) and incubated for 15 days at 30 0C to
enrich halophiles. The broth medium was prepared using distilled water which
contained (g.dl-1) yeast extract 1; sodium citrate 0.3; casmino-acid 0.5; peptone
0.5; MgSO4.7H2O 2; FeSO4.7H2O 0.005; KC1 0.2; NaCl 10. Using 1N NaOH
and 1N HCl, pH of medium was adjusted to 7.0 (± 0.2). After enrichment sample
was inoculated on same medium containing 2.5% agar for isolation of halophiles.
Plates were incubated at 300C for 24-48h. Different colonies were picked and
pure cultures of pre-primary isolates of PGPHB were preserved.
Screening of PGPHB
The pre-primary isolates were spot-inoculated on Ashby’s agar containing 5%
NaCl and incubated for 48h at 30 0C. Ashby’s agar contained (g.L-1) K2SO4 0.1;
K2HPO4 0.2; Mannitol 20; NaCl 50; MgSO4 0.2; CaCO3 5; Agar agar 25. The pH
was adjusted at 7.4 (± 0.2). Isolates showing growth were considered as nitrogen
fixing primary isolates. Further phosphate solubilizing activity of nitrogen fixing
halophiles was determined using Pikovskaya’s agar medium (Pikovskaya, 1948).
The 10μl suspension of each primary isolate having 0.3 optical densities was
located on this agar and phosphate solubilization index (SI) was measured after
incubation at 300C(± 0.2) for 4 days for each isolate using the formula advocated
by Edi-Premono et al. (1996) as𝑆𝐼 = (𝐴 + 𝐻)/𝐴 where, A = Colony diameter, H = Halo zone diameter
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Based on the nitrogen fixing ability and phosphate solubilization indices, two
bacterial isolates were selected and preserved for further studies.

(Stackebrandet, 1991; Weisberg et al., 1989; Patel et al., 2001 and Tamura et
al., 2004). Polymerase chain reaction (PCR) was employed for bacterial DNA
isolation (MinElute PCR purification kit, Quiagen) and amplification of
16SrRNA gene using universal primers. The sequencing was carried out using
Big Dye Terminator Ready Reaction kit on Genetic Analyser - ABI Prism 310
(Applied Biosystems, Foster City, CA) with 10µl reaction mix – Big dye
terminator, 1.5 µl; 5X Sequencing dilution buffer, 1.0 µl; PCR amplified product
(10ng/µl), 1.0 µl; Primer (10µM), 1.0µl, Sterile Milli Q water, 5.5 µl. The PCR
conditions selected were 35 cycles; initial denaturation, 94°C for 2min;
denaturation, 94°C for 60s; annealing, 55°C for 60s; and elongation, 72°C for
2min with final 7min extension at 72°C and a 4°C hold. The 16SrRNA gene
sequences of the isolates were analyzed at NCBI GenBank
(http://www.ncbi.nlm.nih.gov) using BLAST and Clustal W. Phylogenetic trees
were constructed by neighbour joining method (MEGA 4 soft-ware). The final
sequences of both isolates were submitted at GenBank to obtain accession
numbers.

Identification
The isolates selected through screening were identified by microscopic, cultural
and biochemical characterization as well as 16SrRNA gene sequencing and
phylogenic analysis as per the methods adopted by Mahamuni (2011).
i) Colony characters and microscopic analysis
Isolates were cultivated on Abram and Gibbons agar containing 5% NaCl and
colony characters were noted. Isolates were also examined under compound
microscope to determine cell morphology, Gram nature, motility, and presence of
capsule and endospore.
ii) Growth at different pH, Temperature and Salt (NaCl) concentration
Optimum temperature, pH and NaCl concentration were determined for each
isolate using nutrient broth. Salt (NaCl) concentration adjusted in nutrient broth
used for temperature and pH determination was 5%. The pH and salt range
adjusted in different nutrient broth tubes were from 2 to 12 and 0% to 20%,
respectively. After inoculating the isolate-culture, nutrient broth tubes were
incubated for 24h at 300C to find out optimum pH and salt concentration while
other tubes incubated at 00C, 40C, 300C, 370C, 450C and 550C to find out
optimum temperature. After incubation optimum growth in the form of turbidity
was assessed using colorimeter adjusted at wavelength (λ) 520nm.

Plant growth promoting traits
In addition to biochemical tests as described above, plant growth promoting traits
of both PGPHB were recorded. as per the methods described by the researchers.
Indol acetic acid (IAA) production ability was determined using Czapek Dox
broth containing 1mg ml-1 L-tryptophan and orthophosphoric acid and
Salkowski’s reagent ( Bran, et al., 1991). Enzyme activities such as Chitinase
(Shanmugaiah et al., 2008), protease (Laxmi et al., 2014), cellulase (Patagudi
et al., 2014 ), acid and alkaline phosphatase (Tabatabai and Bremner, 1969;
Eivazi and Tabatabai, 1977) were also determined. Siderophore production
ability was confirmed by employing Chrom Azurol S agar (Schwyn and
Neilands, 1987). Qualitative determination of zinc solubilization activity was
carried out on Abram and Gibbons agar containing 5% NaCl and 0.5% zinc oxide
(ZnO) as an insoluble zinc source. Isolated culture was spot inoculated on the
medium and incubated at 300C for 3-4 days. Appearance of clear zone
surrounding the colony designated as positive zinc solubilizing activity.
RESULTS AND DISCUSSION

iii) Biochemical tests
Biochemical tests were performed as described by Smibert and Krieg (1994)
and Collins et al. (1995). Biochemical tests including enzyme activities such as
catalase- using 3% hydrogen peroxide(H2O2) solution; oxidase- using 1%
tetramethyl -p- phenylene diamine dihydrochloride solution; urease- using
Christensen’s urea agar; amylase- using starch agar and 1N iodine solution;
gelatinase- using gelatin agar and acidic mercuric chloride (HgCl2) or Frazier’s
solution were determined qualitatively. The Sugar fermentation tests- using
different sugars such as glucose, sucrose, lactose and mannitol as well as IMViC
tests consisting Indol production- using peptone water, xylene and Kovac’s
reagent; Methyl Red- using glucose phosphate broth (GPB) and methyl red
indicator; Voges-Proskauer test- using GPB and Barrit’s reagent; and Citrate
Utilization- using Koser’s citrate broth were carried out by adopting standard
methods. Hydrogen sulphide (H2S) production- using lead acetate paper and
nitrate reduction- abilities using peptone nitrate broth and nitrite detection reagent
including sulphanilic acid and dimethyl alpha-naphthyl amine prepared in 5N
acetic acid were also tested for the isolates under study.

Enrichment, Isolation and Screening of PGPH
The pH range found in collected soil samples varied from 8.8 to 9.4. Total 48
pre-primary cultures were isolated from enriched soil samples. This number was
reduced to nine primary isolates by transferring pre-primary cultures on Ashby’s
nitrogen free mannitol agar. Among nine primary isolates final two PGPHB were
selected considering phosphate solubilization indices (SI) on Pikovskaya’s agar
containing 5% NaCl. Phosphate solubilizing bacterial colonies produced zones of
clearance around them due to the solubilization of insoluble tri-calcium
phosphate from the Pikovskaya’s agar. Particulars regarding screening of PGPHB
are presented in a table 1.

iv) 16SrRNA gene sequencing
The 16SrRNA gene sequences of both potential PGPHB-isolates were obtained
to determine phylogenetic relationship by using standard methods and protocols
Table 1 Screening of PGPHB
Sr.
Soil
sample Soil
No.
code
pH
1
2
3

B-01
B-02
B-03

8.8
8.1
9.3

No. of
Pre-primary
isolates
07
02
06

No. of
isolates

4

B-04

9.4

05

2

5
6

B-05
B-06

8.8
9.6

04
08

0
3

B-07
7
B-08
8
B-09
9
B-10
10
Total screened isolates

8.7
8.3
9.2
9.4

04
00
07
05
48

0
0
1
09

primary

1
0
2

The plant growth promoting halophilic bacterial (PGPHB) eight isolates tolerated
10% NaCl concentration and expressed nitrogen fixing and phosphate
solubilizing abilities. Selected PGPHB namely isolate SM2 and isolate SM3
recorded phosphate solubilization indices (SI) as 4.52 and 4.40, respectively.
Identification and plant growth promoting characterization

Naming
isolates
H-1
H-2
H-3
H-4
H-5
H-6
H-7
H-8
H-9
09

of

primary

Phosphate
solubilization
indices (SI)
3.14
4.52
2.44
4.40
3.36
3.44
3.75
2.80
08

Renaming
PGPHB

of

selected

SM2
SM3
02

grew in nutrient broth containing 1% to 12%NaCl; but maximum growth was
observed at salt concentration 3 to 10%. They showed better growth at 300C and
370C than below 100C and at and above 450C. They also showed optimum growth
at range between pH 6 and 10 and grew at pH 12 also. Results regarding
microscopic, cultural, biochemical and plant growth promoting characterization
are presented in table 2.

Both the isolates developed circular, cream white, convex and opaque colony
with moist consistency on Abram and Gibbons agar containing 5% NaCl. Both
SM2 and SM3 isolates were Gram negative, motile, rod shaped having
dimensions 0.5-0.8µm by 1.6-2.0µm. They were also recorded as non-spore
forming as well as non-capsule forming bacteria. Both SM2 and SM3 isolates
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Table 2 Microscopic, cultural, biochemical and plant growth promoting
characterization
Sr. No. Characters
Strain SM2
Strain SM3
1
Gram nature
2
Motility
+
+
3
Spore formation
4
Capsule formation
5
PH range
6-10
6-10
6
Salt Conc. range
1% - 12 %
1% - 12 %
7
Temperature range
30 - 370 C
30 - 370 C
8
Catalase
+
+
9
Oxidase
10
Urease
+
+
11
Amylase
12
Gelatinase
13
Nitrate reduction
+
+
14
Indol
15
Methyl Red
16
Voges Proskauer
17
Citrate
18
H2S
+
+
19
Nitrogen fixation
+
+
20
Sugar Fermentation
i. Glucose
+
+
ii. Lactose
iii. Sucrose
+
+
iv. Mannitol
+
21
Indol acetic acid
+
+
22
Zinc solubilization
+
+
23
Phosphate solubilization
+
+
24
Chitinase
25
Protease
+
+
26
Cellulase
27
Acid Phosphatase
+
+
28
Alkaline Phosphatase
+
+
29
Siderophore
+
+
On the basis of these biochemical characteristics, SM2 and SM3 isolates were
identified and classified under the genus Halomonas as they showed nitrogen
fixing ability and growth at temperature range 30 0C to 450C, salt range 1% to
12%, catalase and nitrate reduction positive and indol, methyl red and VogesProskauer tests as negative. Both isolates solubilized zinc oxide elucidating clear
zones on agar media; produced indol acetic acid, siderophores and exhibited
protease, acid and alkaline phosphatase and nitogen fixing abilities.
Both SM2 and SM3 PGPHB isolates were identified using 16SrRNA gene
sequencing and phylogenetic analysis. These strains showed closest match with
Haererehalobacter SO66 HQ631986 and Halomonas sp. C3 9, respectively
according to the blast search analysis. NCBI GenBank assigned accession
numbers to the deposited gene sequences of both isolates under study. They
identified as Haererehalobacter sp. SM2 (Acc. no. KX376422.1) and Halomonas
sp. SM3 (Acc. no. MH333105.1), respectively. Figures 1 and 2 represent
16SrRNA gene sequences while figures 3 and 4 represent phylogenetic trees of
two PGPHB isolates, respectively.
GGAGGGAGGGGGGGGGGGGGGTCGGAGAAACATGCAAGTCGAGCGG
CAGCACGGGGAGCTTGCTCCCTGGTGGCGAGCGGCGGACGGGTGAGT
AATGCATAGGAATCTGCCCGGTAGTGGGGGATAACGTGGGGAAACCC
ACGCTAATACCGCATACGTCCTACGGGAGAAAGCGGAGGCTCTTCGG
ACTTCGCGCTATCGGATGAGCCTATGTCGGATTAGCTGGTTGGTAAGG
TAACGGCTTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGAT
CAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCC
GCGTGTGTGAAGAAGGCTTTCGGGTTGTAAAGCACTTTCAGCGAGGA
AGAAAGCCTTTGGGTTAATACCCCAGAGGAAGGACATCACTCGcAGA
AGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGG
TGCGAGCGTTAATCGGAATTACTGGGGCGTAAAGCGCGCGTAGGTGG
CtTGGCACGCCGGTTGTGAAAGCCCCgGGTCTCAACCTGGT
Figure 1 16SrRNA gene sequence of strain SM2
ATGCAGTCGAGCGGCAGCACGGGGAGCTTGCTCCCTGGTGGCGAGCG
GCGGACGGGTGAGTAATGCATAGGAATCTGCCCGGTAGTGGGGGATA
ACGTGGGGAAACCCACGCTAATACCGCATACGTCCTACGGGAGAAAG
CGGAGGCTCTTCGGACTTCGCGCTATCGGATGAGCCTATGTCGGATTA
GCTAGTTGGTAAGGTAACGGCTTACCAAGGCGACGATCCGTAGCTGG
TCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACT
CCTACGGGAGGCAGCAGTG

Figure 3 Phylogenetic tree of strain SM2

Figure 4 Phylogenetic tree of strain SM3
Both isolates grew best in the nutrient broth containing salt concentration range
from 3 to 10% and hence they were confirmed as moderate halophiles (Kushner
and Kamekura, 1988). In the present study isolates initially identified as
Halomonas species as they grew well above 5%NaCl concentration and revealed
phosphate solubilization and nitrogen fixing positive. Isolates were catalase,
urease, protease positive and not hydrolyzed gelatin and starch. They also
reduced nitrate to nitrite. These results are in agreement with those of Mapelli et
al. (2013). The present study made a first attempt to investigate local halophilic
bacteria from saline soils of Baramati region. Halotolerant and halophilic bacteria
were isolated by many researchers (Del Moral et al., 1988; Anbumalar and
Ashokumar, 2015; Orhan and Gulluce, 2015; Sharma et al., 2016). The
isolates reported were moderate halophiles rather than the extreme halophiles.
Halophilic bacteria isolated grew best at temperature range 25-350C and at pH 610 on media supplemented with 5% NaCl concentration. The present study
results are in close agreement with those reported by Rodrigues Valera (1988),
Vahed et al. (2011), Roohi et al., (2012) and Azar et al. (2014). The halophilic
bacterial cultures were identified by 16SrRNA gene sequencing and phylogenetic
analysis as identified by number of researchers (Kumar et al., 2012; Fahimeh et
al., 2013; Gupta et al., 2015). Several halophilic bacterial isolates were
documented as Gram negative by many researchers (Ventosa et al., 1998;
Ghozlan et al., 2006; Phillips et al., 2012). Orhan et al. (2016) used plant
growth promoting halotolerant bacteria having IAA production and phosphate
solubilization abilities, to relieve salt-stress in wheat crop.
Microorganisms generally help plant to procure nutrients and enhance
sustainability under biotic and abiotic stress situations through their diverse plant
growth promoting(PGP) traits such as hydrolytic enzymes, IAA, Gibberelic acid
(GA), siderophores, nitrogen fixing and phosphate-, zinc-, potash- solubilizing
activities (Ruppel et al., 2013; Backer, et al., 2018; Fatima & Arora, 2019).
Most of the reported PGPB solubilize insoluble phosphates by either by
producing organic acids, siderophores or phosphatases. Siderophores have high
affinity for iron. By chelating iron they reduce availability of iron in environment
and suppress the growth of phytopathogens. Catalase positive PGPB generally
resist environmental, mechanical and chemical stress in plant rhizosphere. After
solubilization of zinc and potash salts, they make these elements available for
plants. They also produce plant growth auxin- IAA which induces cell division,
root and shoot developments in plants. Many researchers have isolated plant
growth promoting microbes and emphasized their PGP-biofertilizer-activities to
enhance crop yield and soil fertility (Mahamuni, 2011; Tiwari et al., 2011;
Geetha et al., 2014; Orhan, 2016; Marasco et al., 2016). Both
Haererehalobacter species strain SM2 and Halomonas species SM3 strains
exhibited similar plant growth promoting traits. These PGPHB can be employed
as an alternative approach for salt-stress tolerance in many crops as clarified by
Numan et al. (2018).

Figure 2 16SrRNA gene sequence of strain SM3
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CONCLUSION
The present investigation effectively isolated, screened and identified two
bacterial strains from saline soils of Baramati Tehsil of Maharashtra and
determined phylogenetic relationship with other bacterial species. Both isolates
were identified as Haererehalobacter sp. SM2 (KX376422.1) and Halomonas sp.
SM3 (MH333105.1). The study also revealed plant growth promoting traits of
isolates viz., nitrogen fixation, phosphate and zinc solubilization, siderophore,
phosphatase and indol acetic acid production abilities. Inoculation of consortium
of these two PGPHB isolates may be applied for reclamation of salt interfered
soils and for increasing yield and nutrient uptake of crops. Therefore, further field
studies must be needed for the development of biofertilizer using these potential
isolates.
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