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The Halomonas species isolated from the rhizosphere of the true mangrovévicennia
marinaof Indian Sundarbans showed enhanced rice growth promotiominder combined

stress of salt and arsenic in pot assay. Interestingly, undeabiotic stress conditions,

Halomonas sp. Exol was observed as an ef cient producer of exopolysacbaride.

The study revealed that salt triggered exopolysaccharide mpduction, which in turn,

increased osmotic tolerance of the strain. Again, like saltpresence of arsenic also
caused increased exopolysaccharide production that in tur sequestered arsenic
showing a positive feedback mechanism. To understand the e of exopolysaccharide
in salt and arsenic biosorption, puri ed exopolysaccharié¢ mediated salt and arsenic
sequestration were studied both underin vivoand in vitro conditions and the substrate
binding properties were characterized through FT-IR and S#-EDX analyses. Finally,
observation of enhanced plant growth in pot assay in the presnce of the strain and
pure exopolysaccharide separately, con rmed direct role &exopolysaccharide in plant
growth promotion.

Keywords: abiotic stress, arsenic bioremediation, exopoly
promotion, salt sequestration, true mangrove

saccharide,
Avicennia marina

Halomonas , rhizobacteria, rice growth

INTRODUCTION

Soil salinity is one of the major abiotic stresses that lipfént productivity throughout the globe.
Increased salinity due to climate change and sea levelsisausing daily extinction of many
ora and fauna in the coastal world including Indian Sundansainscribed as a World Heritage
site by UNESCONlitra and Zaman, 2016 In Indian Sundarbans, rice cultivation (80—90% of
total crop production in India) is the primary agricultural &eity and is the main source of
income generation but is restricted mainly to the monsooass due to high salinity of soil in
other seasonsv@dav et al., 1999In addition to the existing problem of soil salinity, toxieavy
metal (HM) contamination in Indian Sundarbans is another waabiotic stressKal et al., 2002
Heavy metal pollution has attained a serious threat here duditcharge of HM rich semi-treated
or untreated e uents from industries (tanneries, jute nsll pulp and paper mills, pesticide
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manufacturing plants, thermal power plants, brick kilns, rebb halophilic PGPR, and metal mobilizing bacteridgmas et al.,
fertilizer and soap factories, antibiotic plants, and oihexies), 2006. With a growing interest in extremophiles, a large number
located on the banks of the river Hooghly. Slow continuousof halophiles, particularly species belonging to thelomonas
release of HM from the antifouling paints used to coat thegenera have been found to be the possessors of & et al.,
bottom of the numerous shing trawlers and recreationalsels  1998; Arias et al., 2003; Martinez-Canovas et al., 200dalsla
is another reason of HM pollution in this regionB{ghiu etal., 2006; Polietal., 2013

et al., 201y, Upon entering the estuarine system, these HMs The purpose of this paper is to understand the role of EPS
get dissolubilized or precipitated on the soil and sedimenproduced by halophilic PGPR belonging to the gerlatomonas
based on the localized environmental conditions especgdfly isolated from the rhizosphere of thvicennia marineof Indian
Nevertheless, over the years, the region has turned out asSaindarbans, in abiotic stress alleviation during rice dghow
natural sink by virtue of its rich and unique indigenous aqra promotion under combined stress of salt and arsenic (As).
fauna and a diverse group of largely unexplored mangrove

microbiota (Mitra, 2013. Previous research on Indian saline MATERIALS AND METHODS

ecosystem identi ed the potential of eco-friendly haloei@nt

plant growth-promoting rhizomicrobes (PGPR) for application Sampling and Physico-Chemical

in sustenance of agronomy under diverse saline ecologiggssessment of Avicennia marina
(Shrivastava and Kumar, 2011 Application of these native PGPR Rhizosphere Soil

to alleviate salt stress can be regarded as a better aliernat - . . . . . .
. . . The root associated soil dvicennia marinaseedling growing
toward sustainable agriculture than developing salt andepth . . . . 0
. - ; : in the intertidal mud at of Bonnie Camp (2149%45.9
stress tolerant transgenic varieties due to high productiost

. 0 . . . .
and other environmental hazardSijrivastava and Kumar, 20)L5 N; 88 3713.6°E) situated n the central region pf Indian
SL@darbans was collected during monsoon season in the month

These osmotolerant microbes possess special mechanisms su . .
o C P pec 'S Sef eptember, 2014. The sample was sieved (pore size of 2mm),
as optimization of N&/K€ ow, accumulation of essential

osmolytes, transcriptional, and/or translational regidatof salt- grounded to powder using a mortar and pestle, and stored in a

tolerant enzymes (osmozymes) for sustaining environrrienta(:lean polyethylene bag at@ until use. The soil salinity, electrical

. . conductivity, and pH were recorded with refractometer (Atag
osmotic shock Yang et al., 2009 In comparison to the L . o
. - . Tokyo, Japan), digital electrical conductivity/ TDS me@tdbal,
mesophilic (halo-sensitive) counterparts, halo-tolerantmbes ) I : .
. . o . India) and digital pH meter (Global, India), respectively, gpot.
are more dynamic owing to their ability to function under ot Moisture content was measured in lab by subtracting dr iah
stress and stress-free conditiom&(leem et al., 20)4Yang et al. y g dry Weig

(2009)pointed out that the halo-tolerant PGPR causes “induceéIn oven at 105C) from the wet we|ght of the samgle. SO”.
systemic tolerance” (IST) to salt-sensitive plants and anba chemical features like Soil Organic Carbon (SOC), % organic

nutrient uptake from soils, thus decreasing the need of thénatter, N, P, K'U.S. Environmental Protection Agency, 1994

fertilizers. In general, salt-sensitive plants cannot govehow and biologically available HMs were determinéds(o, 197}.
poor growth in saline media due to ion toxicity (replacement of . . .
KC by N&© in biochemical reactions, and Naand Cl induced Isolation and Ide_ntl cation Qf _

conformational changes in proteins), osmotic stress (esices EXOpolysaccharide Producing Arsenic and
accumulation of sodium in cell walls causing osmotic stresSalt Resistant Halo-Rhizobacteria

and cell death), nutrient (N, Ca, K, P, Fe, Zn) de ciency dueEnrichment and isolation of halo-rhizobacteria from marina

to salt related imbalance and oxidative stress on plants apantiizosphere soil was done in 8% total salt modi ed growth
from reduced water uptake from the soil. On the other handmedia (8% TSMGM) [a specic medium for cultivation of

in salt-tolerant plants, salt stress activates specializedgjthat halophiles and haloarchaea that contain 266.7 ml of conegexdr

are involved in the sustenance of salt-induced and otheotabi salt water (30% stock) {NaCl (240g'), MgCh.6H,O (30g
stressesYang et al., 2009As salt-sensitive plants do not possess 1), MgSQ.7H,0 (359 | 1), KCI (7g | 1), 5ml 1M Tris-Cl
these special genes, their salt stress is ameliorated by@R&P (pH-7.5), 5ml 1M CaGl.2H,O (0.5g | 1), adjusted to pH-
mediated IST. Although bacterial determinants of IST anelith 7.5 with 1M Tris base}, peptone (5g'), yeast extract (1g
activation pathways in plants have been signi cantly evaddat | 1), adjusted pH to 7.5 with 1M Tris base]Dgall-Smith,
during the past decade but the response of the PGPR towaf&tD09. Isolates that showed moderate growth in 4 mM [As(l11)]
the abiotic stresses has been revealed very recentlyr(usk  were selected for further puri cation. For screening of theE

and Wagner, 1999; Zhang et al., 2D08se of these PGPR for secreting isolates, pure colonies were transferred to entagar
minimizing agricultural chemical load, HM load\@deem et al., (NA) media supplemented with 5% dextrose. Isolates showing
2014; Yu et al., 20)4and soil salinity Giddikee et al., 200 mucoid phenotypes were nally selected and puried. After
is earning considerable appreciation in boosting environtakn morphological study, the isolates were nally identi ed b3
quality. Although salt stress alleviation by PGPR inocuddrdd rRNA gene analysis using universal PCR primers 27F and 1492R
already been reported in rice, wheat and many other cropas mentioned byvlukherjee et al. (2017The ampli ed products
(Goswami et al., 20)4but the exact mechanism of salt stresswere sequenced according to the manufacturer's speci natio
alleviation is not fully explored. In addition, exopolysaadde for Tag DNA polymerase-initiated cycle sequencing reaction
(EPS) production was noticed in a number of halophilic baeteri using uorescently labeled dideoxynucleotide terminatavish
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an ABI PRISM 377 automated sequencer (Perkin-Elmer Applied 0.22-micron membrane Iter (Nuclepore Corp., CA, USA).
Biosystems). 16S rRNA gene sequence similarity was detedminl0 ml cell-free media lItrate and 0.1 g of dried cell-biomasseave
using BLAST version 2.2.12 of the National Center fordigested separately with concentrated HNG ml, Merck) at 65—
Biotechnology Information Altschul et al., 1990 The partial 75 C on a hot plate equipped with a fume hood and lItered
16S rRNA gene sequences were submitted to GenBank atitough Whatman Iter paper No. 1 (125 mm). Acid-digested
accession numbers were obtained. Phylogenetic analyses weredia supernatant from As-free salt media (0-day time-point)
performed by neighbor-joining methodS@itou and Nei, 1997 and acid-digested cell-biomass from As-free salt medidai3-
with bootstrapping using 1000 replications using MEGA versiortime-point) were used as negative controls. For determaorati
7 (Kumar et al., 201pwith Kimura two-parameter model. The of [As(lll)] biosorption by dead halo-rhizobacterial biorss,
bootstrap consensus tree inferred from 1,000 replicates wallet was obtained from 200 ml 5-day old culture grown in 8%
taken to represent the evolutionary history of the taxa aredyz TSMGM in the absence of NaAsOThe cell pellet was washed
The evolutionary distances were computed using the Maximuntwice to remove residual media, re-suspended in sterile deézhi
Composite Likelihood methodi@mura et al., 2004 water, and autoclaved at 12 at 15 Ib/ir? for 45 min. After this
Selected bacterial surface morphology was determined Isgep, the absence of live bacteria was checked by plating onto
Field Emission Scanning Electron Microscope (FESEM) (Modéd% TSMGM agar plates. 10 ml dead cell suspensioni4 mg
JEOLJSM 6700F) after growing the isolate for 5 days in sdacterial biomass per ml) was incubated at room temperature
media (8% TSMGM) amended with [As(lll)]. The bacterial for 24 h under shaking in the presence of 4 mM [As(ll)] and
sample was mounted on aluminum stubs with conductive carbomvas then centrifuged at 10,000 rpm for 15min. The cell pellet
cement, dried for 3h, and coated with 15nm platinum Im was again washed thrice with sterile deionized water anelddri
with an agar automatic sputter coater. After processing, that 50 C, while the cell-free supernatant was Itered through
sample was visualized in the high-vacuum mode at 15 kV an@.2—0.45 micron hydrophilic membrane (HiMedia Laboratories
the images were processed using Photoshop software (AdoBet. Ltd.,). Sample preparation and AAS were carried out as

Systems Inc., Calif.). mentioned earlier.

g Determination of the MIC of the strain for other HMs were
Ch_araCtenzatlon of the I?’Olate Toward done in LB and 8% TSMGM agar plates and broths containing
Abiotic Stress Tolerance: Salt and Heavy test HMs with increasing concentrations.

Metals In vivoas biotransformation assay was done using a qualitative

For all growth-related experiments, cultures were set up ilAgNOgz screening method as describeddiyneonova etal. (2004)
triplicates, incubations were performed at 30 2 C for 3— with modi cations. Briey, plate-based assay was performed
5 days and the growths were determined both visually anevhere 8% TSMGM agar plates containing 2mM [As(lI)]
spectrophotometrically at Ofonm FoOr determination of the were spot inoculated with the test bacterial culture, incebdat
minimal inhibitory concentration (MIC) of theHalomonassp. for 3 days at 30 2 C and ooded with 0.1 M AgNQ
Exol toward total salt and NaCl, agar plates with increasingolution containing 1 M Tris-HCI (pH 8.0). The reaction betare
concentrations of mixed sea salt and NaCl in presence anBigNOs; and the arsenic species i.e., [As(IlIl)] or [As(V)] in
absence of 2mM [As(lIl)] were streaked with pure isolates andris-HCI environment produces colored precipitates contagi
incubated. Detailed growth kinetics of the strain was stddi arsenic. Presence of [As(Ill)] species by arsenate reducing
in LB with increasing concentrations of NaCl, 8% TSMGMbacteria produces light yellow color (due to #g0s or silver
broth, and 8% TSMGM broth with increasing concentrationsorthoarsenite) and presence of [As(V)] species by arsenite
of total salt and/or [As(Ill)]. For determination ofin vivo  oxidizing bacteria produces light brownish-red color (due t
bigaccumulation of o@s(;:molggtgs including both monovalenef\N ~ AgsAsO; or silver orthoarsenate).

K*) and divalent (Mg"~, C&™) cations, 5-day old culture broth . . . . .
was prepared in LB and liquid 8% TSMGM. CentrifugationEXtraCtlon’ Pur _Catlon’ and _EStlmatlon of

was done and cell-pellet was washed thrice with deionizeBFXOPOlysaccharide Production Under Salt

H,0 and oven-dried at 5@, digested with pure concentrated and Arsenic Stresses

HNO3 (5 ml, Merck) at 65-75C and Itered through Whatman For estimation of EPS production under As stress, h@0f

lter paper. The amounts of osmolytes (RaKC, MgZ, and  24-h old culture ofHalomonassp. Exol was inoculated (0.1%
C&C) accumulated within cell-biomass were assessed via ame/v) into 250 ml Erlenmeyer asks containing 100 ml of Asdre
photometry (Aimil Ltd., India) and the concentrations were and As-supplemented (2, 4, 6, 8 mM) liquid 8% TSMGM, mixed
calculated from the standard curves of the respective itms. thoroughly and placed on a rotary shaker (125 rpm) at 30
vivo as bioaccumulation study was carried out by live cell® C for 5 days. For determination of the e ect of salt stress
and dead cells both. For determination of As accumulation byn EPS yield oHalomonassp. Exol, 100 ml Erlenmeyer asks
live cells, time-dependent study was undertaken. The igolatach containing 50 ml of LB broth with varying concentratson
was cultured in 250ml liquid 8% TSMGM containing 2mM of NaCl (0.5, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 22.5 %) were
[As(l)]. 50ml of culture media was withdrawn at regular inoculated with the bacterial strain. For extraction of ERS i
intervals of 0, 3, 6, 9, and 12 days. Samples were centrifugel the treatments, 5-day old cultures were centrifuged @00,

at 7,000 rpm for 10min to collect both cell-free media andrpm for 20 min. The supernatants were vacuum- ltered through
bacterial cell-biomass. Media supernatant was Itered thioug cellulose nitrate Iter. The EPS was precipitated from the aelef
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supernatant by the addition of ice-cold ethanol (100%, Merckwith a resolution of 4 cm?® using an IR- Prestige-21 system

in 1:3 ratios. The cell-free extract-ethanol mixture waal&En (Shimatzu, Japan)Sardari et al., 20)7Elemental analyses of
vigorously and incubated overnight at @ For removal of puried and crude EPS were done using Energy-Dispersive X-
salt and impurities, EPS was dialyzed for 24-48 h using 12—t4y (EDX) spectroscopy. 5 mg of EPS was attached on a stub and
kDa MW cut-o dialysis bags against deionized,® at 4 C.  analyzed by SEM-EDX (JEOL make JSM6360, UK). The X-rays
A fraction of the partially puried EPS solution was dried at emitted by the EPS revealed the weight and atomic percentage
60 C and weighed to determine crude EPS yieltb(zo et al., of the di erent elements, which were present in the sample.
1999. For further puri cation of EPS, methods described by X-ray di raction (XRD) analysis was carried out to determine
Bales et al. (2013ere followed. In brief, the EPS solution the biophysical properties of the EPS using X-ray di ractometer
was mixed with ice-cold 20% (w/v) trichloroacetic acid (TICA (RIGAKU make ULTIMA-III, Tokyo, Japan) with Cu target slit
solution to precipitate proteins and nucleic acids. After 3@mi (10 mm). The dried EPS sample was examined in powdered form
of incubation, the solution was centrifuged at 15,000 rpm forunder di erent operating ranges of"2angles between 2 and
1h at 4C. To the supernatant, 1.5 volume of 95% ethanol wa80 at a scanning speed of 2nin ! using Cu Ka radiation
added and the mixture was kept a20 C for 24 h to facilitate (I D 1.54056 A). The intensity peaks of di racted X-rays were
precipitation of EPS from lipids. To collect the precipitated EPSrecorded continuously and the d-spacings corresponding to
the solution was centrifuged at 15,000 rpm for 1h a€4and  diracted X-rays at that value of* were calculated using Bragg's
the EPS pellet was re-suspended in Milli-Q® and dialyzed law(D D | 2 Sif’ where *” is half of the scattering angle
against the same for 24 h at@ using a 12-14 kDa MW cut-o  measured from the incident beanm®{cou et al., 2005

dialysis membrane to remove low molecular weight impurities . . .

The remaining retentate containing puri ed EPS was lyopeitz —-uUnctional Characterization of the

overnight and stored in sterile containers a0 C until further ~ Exopolysaccharide

analyses. The lyophilized powder of puri ed EPS was weigheBuried Exol was examined foin vivo and in vitro As
again to determine pure EPS yield. In order to extract celifb and salt sequestration/biosorption. Determination iof vivo
EPS, the bacterial cell-pellet was re-suspended im3@DTA  bioadsorption of As by Exol was done using both concentration-
solution (10mM EDTAC 1.5mM NacCl) and heated at 586 dependent and time-dependent assayalomonassp. Exol was

in water bath for 3 min. The bacterial cell suspension wasragaicultured in 250 ml liquid 8% TSMGM containing either 0, 2, 4,
centrifuged and cell-free supernatant was decanted and EBS w mM As for 3 days (concentration-dependent) or 2mM As for
puri ed as above. Finally, to understand the exact time-paft 3, 6, 9, and 12 days (time-dependent) at 3@ C under constant
getting highest EPS yield, total EPS yield was calculated fr agitation. At each time-point, cell-secreted EPS was exdact

cultures grown for 0, 3, 6, 9, and 12 days. from each 100 ml cell-free extract (0, 2, 4, 6 MM As) as desdrib
. . L. earlier. 0.5g of oven-dried bacterial EPS was transferred to

Biophysical Characterization of the 100 ml beaker containing 10 ml of deionized® and 5ml of

Exopolysaccharide concentrated HN@ (Merck), and digested overnight at 65-15

The puri ed EPS was tested for solubility in various polar andfollowed by Itration using a Whatman Iter paper (125 mm)
non-polar organic solvents and water. Salinity and eleatric in a volumetric ask. Acid digested EPS from 3-day (As-minus)
conductivity of the pure desalted Exol grown in 8% TSMGMime-point was used as a negative control for both conceitrat
were compared with the crude EPS. dependent and time-dependent assays. Detection of EPS-bound
Carbohydrate, protein, lipid and sulfate contents of theAs was carried out using AAS (novAA 350, Analytik Jena) as
pure Exol were analyzed by spectrophotometer. Total neutraper standard protocol stated idPHA (2012) On the other
carbohydrate contents were determined by phenol-sulfurid ac hand, in vitro bioadsorption of [As(Ill)] and [As(V)] or metal
method using D-glucose as a standafdupois et al., 1996  binding by puri ed Exol was determined by methodsRifaskar
The protein contents were measured by Folin-Ciocalteau metth and Bhosle (2006)ith modi cations. Brie y, bacterial EPS was
using bovine serum albumin (BSA) as a standdrdv(ry et al., extracted from liquid 8% TSMGM in the absence of As and
195). Lipid contents were measured by the method described g dried EPS was dissolved in 10 ml Milli-Q®& and 2 ml of
by Novak (Novak, 196% using olive oil as the standard. Sulfatethis EPS solution was taken in a dialysis bag (12-14 kDa MW
contents were estimated by barium chloride (B§Ghethod cut-o, HiMedia Laboratories Pvt. Ltd., India). The dialgsbag
using a HSQ, standard curve established in the range of 2-2@ontaining 0.1 g mlI! bacterial EPS was suspended in an acid-
mg ml 1 (Dodgson and Price, 19%2The visual appearance of washed polyvinyl chloride (PVC) beaker containing either 4 mM
the puri ed EPS was evaluated via scanning electron micqmgco [As(l11)] or 10 mM [As(V)] solution with a stir bar. The PVC
(SEM). The surface morphology of EPSs was visualized by usibgaker containing the desired metal solution and the ER&H |
SEM (JEOL make JSM6360, UK) with an accelerating voltagialysis bag was then placed on a magnetic stirrer overnight at
of 20 kV (Kavita et al., 2013 Functional groups of crude and 28 2 C. The dialysis was repeated thrice with Milli-Q.@&
puri ed EPS were determined via Fourier Transformed-Infer to remove any traces of weakly bound As metal ions from EPS.
(FT-IR) spectroscopy. The pellets were prepared by grindinghe metal complexed EPS solution from the dialysis bag was
2mg of EPS with 200 mg of dry potassium bromide (KBr) andhen transferred to clean microfuge tubes and stored 20 C
the mixture was pressed into a mold of 16 mm diameter. Therior to AAS analysis. For blank preparation, the bacterial EPS
FT-IR spectra were acquired in the 4,000-400 &mmegion  was substituted with equal volume of Milli-Q4@ and incubated
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under similar conditions. Similarly, bacterial EPS withods  from the initial Aggg value (Oth day). Phosphate solubilization
treatment was used as control. For determinationro¥itro salt e ciency was determined by spot inoculating of each isolate
sequestration by puri ed Exol, ame-photometry was used. Inon Pikovskaya's (PVK) agar plate. Phosphate solubilizatidex
brief, bacterial EPS was extracted from liquid 8% TSMGM and 1 PSl) was calculated (diameter of phosphate solubilization (PS
dried EPS was dissolved in 4 ml Milli-Q2@. The EPS solution zone on PVK agar/ growth diameter of spot inoculant) after
was then transferred to a dialysis bag of 12-14 kDa MW cutl2 days of incubation at 30 2 C. Finally, the kinetics of
0. The dialysis bag containing 0.25g i bacterial EPS was Cag(POs)> solubilization mediated by each of the isolates were
suspended in an acid-cleaned PVC beaker containing 80 ml efionitored in liquid NBRIP medium at ve time-points (0, 4,

5, 15, or 20% (w/v) NaCl solution with a stir bar. The PVC8, 12, and 16 days). Soluble Pi concentration in the medium
beakers containing the desired salt solution and the ER&} Il was estimated spectrophotometrically by using the molybdenum
dialysis bag were then placed on a magnetic stirrer overraght blue method {lukherjee et al., 20)7and the decrease in pH
28 2 C. The dialysis was repeated thrice with equal proportiorvalues over time (because of organic acid production) was
of Milli-Q H,0 to remove any traces of weakly bound Na also recorded.

ions from the EPS and the electrical conductivity of theCH ) ) ) ) )

was routinely monitored after completion of every dialysieeT Estimation of Indole-3-Acetic Acid (IAA) Production

solution containing N&-EPS complex was then dried at Spectrophotometric estimation of IAA was conducted as per the
prior to analysis. The amount of EPS-bound Naons were Method of Goswami et al. (2015An aliquot (2ml) of 3 to 8-
analyzed via ame-photometry (Aimil Ltd., India) as mentied day old culture supernatant grown in LB broth and 8% TSMGM
earlier. For blank preparation, the bacterial EPS was replacéyPplemented with 500 mg t of L-tryptophan (in absence or
with equal proportion of Milli-Q HO and incubated under Presence of Asi.e., 0,2, 4,6 mM As) at 3@ C was transferred
similar conditions whereas bacterial EPS without saltttremt [0 @ clean test tube to which 108 of ortho-phosphoric acid
was incubated in Milli-Q HO and used as control. Finally, and 4ml of Salkowski reagent (50 ml, 35% of perchloric acid
the concentration of N& ion was calculated from the standard (HC1O4), 1 ml of 0.5 M Fe solution) were added. The mixture
curve generated using known concentrations of°Ngolution. ~ Was incubated at room temperature (dark) for 25min and the
For detection and measurement of antioxidant activity sz~ intensity of pink color developed was recorded at 530 nm. A
acid of various concentrations (1-10mg &) was prepared standard curve of IAA (10-108g ml 1) was used for estimation
from a standard stock solution of 100mg mlin deionized ©f IAA produced.

water. Solutions of puri ed EPS (10 mg nil) were also prepared Estimation of Siderophore Production

in deionized water. 0.05mM of DPPH (M.WD 394.32g) was For the six isolates, production of siderophore was initially

Erfqﬁ)%rfegézhazsszgf;ftzggogoiﬁoprfe(ﬁa? tlzn g f Zta;g i:gl;slr V& ssessed using Chromazurol S (CAS, Loba Chemie) agar medium

was mixed with 2ml of ethanolic DPPH (0.05mM) and kept:Socie;%rg?:tggC(gm%noin%iglanasr (1|212t3e72e(3v5i(t:tl1j ltgrrev?/imf)ruet
in dark for 30 min. Similarly, 1 ml of each EPS solution wa: b gar p

0 .
mixed with 2ml of ethanolic DPPH (0.05mM) and kept inSS/0 NaCl) and incubated at 30 2 C. An orange halo zone

- .around the growth con rms positive siderophore production,
dark for 30 min. The absorbance was measured at 517 nm usir) e diameter of which was measured after 24, 48. and 72h.

L {
deionized water as blank and DPPH. Absolute ethanol was useAmount of siderophore produced was further quanti ed using

as reference. T.he % scavenging of DPPH was calculated bising &:AS-shuttIe assaybyne, 1994 Bacterial cultures were grown
following equation: in King's B media in presence and absence of NaCl and [As(III)]

% Scavengin® (Apjank  AsampléAblank) 100 (1) Samples were withdrawn and centrifuged at 10,000 rpm for
5min. CAS assay solution was added to culture supernatant

Qualitative and Quantitative Estimation of in equal proportion, mixed and allowed to stand for 20 min.
Plant Growth-Promoting Metabolites Siderophore, if present, removes the iron from the dye complex,
causing reduction in the intensity of blue color, which was

Under Salt and Arsenic Stresses recorded at 630 nm. For the measurements, minimal medium

Plant growth-promoting properties like phosphate solubilizati a5 ysed as blank and % siderophore units were calculated by
production of IAA, siderophore, ammonia, HCN, biocontrol, e following equation:

and nitrogen xing abilities of the strain were investigdtender

normal condition and salt and As stress conditions. [(Ar A9=Ar] 100D % siderophore units 2)
Estimation of Inorganic Phosphate Solubilization and where ArD absorbance of reference (minimal mediaCAS
Organic Acid Production assay solution), AB absorbance of sample.

The phosphate solubilization activity was determined by the

protocol of Mehta and Nautiyal (2001with modi cations.  Estimation of Ammonia (NH 3) Production

Briey, the isolate was grown in NBRIP medium (in absenceProduction of ammonia was determined as described in
and presence of NaCl and/or As) containing a pH indicatorCappuccino and Sherman (1992yith modi cations. 24-h
(Bromophenol Blue) for 10 days at 30 2 C with continuous old bacterial cultures were inoculated in 10 ml peptone broth
agitation. At 10th day, the nal Olgyo value was subtracted (1% NaCl) and liquid 8% TSMGM (without yeast extract)
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supplemented with peptone and As (2, 4, 6 mM), and incubateevas repeated using pure EPS in the wells of the plates. The
at 30 2 C for 4-12 days with constant shaking. After plates were incubated for 48 hours and observed for the
incubation, 2 ml of bacterial culture was taken in an eppendorzone formation.

tube and centrifuged at 10,000 rpm for 5min. Then, @0of

Rochelle salt (K-Na-tartrate) and 44 of Nessler's reagent were . .

added in each tube containing the supernatant. The developmef>€rmination and Growth of Salt-Tolerant

of yellow to dark brown color indicated the production of Rice Seeds Treated With Whole Bacterial

ammonia and absorbance was measured at 425nm3z-NH Cells or Puri ed Exopolysaccharide Under
standard curve (in the range of 100-1,080 | 1) was prepared Salt and Arsenic Stresses

using Ntesilerlza;ﬁn spe(étropgotometrlc method to estintiae Seeds of moderately salt-tolerant rice variety-Jarave (16420)
concentrations of NI produced. were obtained from Salt and Flood Resistant Paddy Research

. . . . Station, Gosaba (Rice Research Station, Chinsurah, WesaBeng
Estimation of Hydrogen Cyanide (HCN) Production India). Soil for the pot assay was also obtained from paddy

For qualitative estimation of HCN production, Picrate assay, ivation eld of Gosaba. pH, electrical conductivity and
as described byastric (1975was followed. The isolate was g4)injty of the soil were found to be 7.2, 0.32 mS/cm and 3 PSU,
streaked on LB agar and incubated overnight. A Whatman 'terrespectively. Nitrogen (N), available phosphorous (P), potassium
paper No. 1 soaked in solution of 2% $@0; and 0.5% picric  (K), total organic matter, organic carbon and total arse(fs)

acid was placed in between base and lid of the culture plateontents of the soil were found to be 0.10%, 14.20 mglkg
Plate was sealed with paraIm and incubated at 3® C for  2267.28 mg kg', 1.12%, 0.85%, and 2.96 mg kgrespectively.

72 h. Production of HCN was indicated by color change of IterRice seeds were surface sterilized by immersion into solutio
paper from yellow to orange-brown. For quantitative estiraati  (70% ethanol and 0.3% Tween 80) for 5 min, and then in solution
of HCN production, 24-h old bacterial cultures were inocuthte B (3% sodium hypochlorite and 0.3% Tween 80) for 15 min and

in 10 ml LB broth and liquid 8% TSMGM (with and without As) then washed thrice with sterile distilled water. For germioat
and incubated at 30 2 C for 24-48 h with constant shaking. rice seeds were soaked in sterile distilled water for 12 h, laeial t

covered with a clean wet cloth for 12lHalomonasp. Exol was
a?ultivated (either alone or in consortia with otherHalomonas
trains) in LB broth for 24-48 h and centrifuged. The cokett

Then, 1 ml solution containing 2% N&Os and 0.5% picric acid
was added to the 2-days old culture and further incubated

30 2. C with constant shalgng. T.hen, after every 24h, 2.mI Ohacterial cells were washed three times with deionizedrvaaie:
bacterial culture was taken in a microfuge tube and cengeit re-suspended in deionized water to obtairlC® CFU/mI (Agoo

at 10,000 rpm for 5 min. The development of yellow to brownish, i, p 0.5). Each petri plate containing one sheet of paper was
red color indicated the production of HCN and the absorbancemoistened with 10 ml of deionized water. For bacterizat@m|

was measured at 490 nm. A broth without inoculum was used a6f test bacterial suspension was initially applied to the ricdsee
areference. The total cyanide (in mg') was estimated by using in each treatment plates and 2 ml of deionized water was added

the following equation: to the control plate. Germination was carried out for 15 days
under arti cial light for 12-h photoperiod with a light interiy
Total cyanide content inmg!) D 396 Asgonm of 2,100 Lux, a temperature of 28 4 C, and humidity of 54

8% and percentage of germination and growth parameters of
germinated seedlings were measured. Post-germination ptantl
) . . o were directly sown in watertight brown plastic pots (16cm
Estimation of Nitrogen (N ) Fixation diameter 9 cm height). Thén vivopot trials were carried out in
N2- xation ability was evaluated by growing isolate on N- triplicates under natural light with a 15-h photoperiod duritige
free solid agar media without salt-supplementation like N®rr month of Nov to Feb when the average temperature and humidity
Glucose N-free medium (1091 glucose, 1g It K,POy, 0.2g were 28 4 Cand 50 10%, respectively. Pots were lled with
| 1 MgSQ.7H,0, 1g |1 CaCQ, 5g | 1 NaCl, 0.005g I 1,000g of saline treatment soil containing 1g NaCl (EC at 2—
NagM00O4.2H,0, 0.1g |1 FeSQ, nal pH-7.0  0.2) and 4dSm?), urea (90kg N ha'), muriate of potash (11kg 3O
supplemented with 1.5% (w/v) agar and in semi-solid Burkd1a *) and single superphosphate (40 kg3 ha *). In addition,
N-free medium (BHM) adjusted to the appropriate saline20 Mg ofNaAs@and 2g of NaClwere added per 1,000 of saline
concentration of 7.5% (w/v) (0.649 4 KoHPOs, 0.169g |1 treatment soil in case of As a_n_d salt treatment pots, res_pdytlve
KH,POy, 58.5g I NaCl, 14.73g I* MgSQ:.7H,0, 0.4g I * In each pot, 6 surface-sterilized 15-days old seedlings were

1 uniformly transplanted at the depth of 2.5cm below the soil
CaSQ.ZI-JZO, 89 1 glucose, 0.001g _:} Na20M004'2H20’ surface and each seedling was inoculated with 5 ml test balcter
0.003g I” FeSQ), and supplemented with 0.2% (w/v) agaroseg,gpensjon or 0.2 g of pure Exol. For negative control (plants
(Argandofia et al., 2005 germinated from non-coated seeds), soil was not treateti wit
L . o the test bacteria or bacterial EPS. Rice seedlings werestedve
Determination of Biocontrol Activities (uprooted) after 15 days of plantation/sowing, and vegetative
Anti-microbial activity of the isolate was tested on POtatOparameters (root and shoot lengths, fresh and dry weightsgwer
Dextrose Agar (PDA) using agar well di usion metho84uer  analyzed. Oven-dried soil and plant samples (roots and shoots)
et al., 196§ Brie y, overnight culture ofFusarium oxysporium were grounded to powder, acid digested, and [As(lIl)] corgen
was inoculated into PDA by pour-plating and the 24-h old were analyzed by AAS (NovAA 350, Germany). Bioaccumulation

bacterial culture was placed in the well. Same experimeriactor and Translocation Factor of [As(Ill)] and germinati

(Kumaretal., 2016 (3)
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index were calculated by the following equations: less or insigni cant and is denoted as “d” in the gures. All
statistical analyses were done using SPSS 12.0 for Windows (SPS
Bioaccumulation Factor (BAFP Crootjas(iity =Csoiljas(i)] (4)  Inc., USA). Plant growth-promoting activities were performed

Translocation Factor (TFD Csnootjas(iil)) =Croot[As(iin)] (5) in acompletely randomized block design. Each experiment was
repeated three times. The di erences among the mean values
were determined using Duncan's Multiple Range Tests (DMRTS)
at P < 0.05. The results have been graphically presented using
(6) GraphPad Prism Software 7 for Mac OS (San Diego, California,

) . USA) while Statistic Analysis System (SAS 9.1) was used for
Total Kjeldahl Nitrogen (TKN) and phosphate (R®) puRrT analysis.

contents in acid-digested roots, shoots and pot soil fromheac
treatment conditions were analyzed using methods desdribe

Germination Index (GI)D Number of seeds germinated
total number of seeds 100

in APHA (2012) Nucleotide Sequence Accession Numbers
o _ The accession numbers of the 16S gene sequences of the
Statistical Analysis isolatesHalomonassp. Exo1 Halomonassp. Exo2Halomonas

Statistical signi cance was analyzed with respect to cdritro sp. Exo6,Halomonassp. Exo7,Halomonassp. Exo8, and

all the cases and performed using One-Way ANOVA. “a,” “b,Halomonassp. Exo9 obtained from GenBank were KT238978.1,
and “c” mean that the result is signi cant at< 0.01,p< 0.05, KT238979.1, KT238983.1, KT238984.1, KX026971.1, and
and p < 0.1, respectively, and > 0.1 has been considered KX026972.1 respectively.

36— Halomonas sp. Exo8 (KX026971.1)
50 ) Halomonas sp. Exo6 (KT238983.1)

33 | L Halomonas sp. Exo2 (KT238979.1)

i Halomonas aquamarina strain 2PR52-11 (EU440965.1)
70 |- Halomonas aquamarina strain DSM 30161 (MH283883.1)
Halomonas sp. Exo9 (KX026972.1)

Halomonas sp. HSB07 (KC832321.1)
90 | Halomonas sp. Exof (KT238978.1)

a Halomonas meridiana strain DSM 5425 (NR 042066.1)
86 Halomonas songnenensis strain NEAU-ST10-39 (NR 126242.1)
68 Halomonas stevensii strain $18214 (NR 115088.1)
[ T'i Halomonas sp. Exo7 (KT238984.1)
100 Halomonas sp. strain MBT6 (KY818683.1)

Halomonas salicampi strain BH103 (NR 145910.1)
99 Halomonas neptunia strain Eplume1 (NR 027218.1)

100  Halomonas alkaliantarctica strain CRSS (NR 114902.1)
Halomonas rifensis strain HK31 (HM026177.1)
Halomonas cerina strain SP4 (EF613112.1)

93 Halomonas maura strain S-31 (NR 042010.1)
0 | Halomonas smyrnensis strain AAD4 (GU397426.2)
I _|:Halomonas ventosae strain Al12 (AY268080.1)
81 Halomonas stenophila strain B-100 (HM357129.1)
0.0050

FIGURE 1 | Phylogenetic tree based on 16S rRNA gene sequences obtainelly the neighbor-joining (NJ) method showing the phylogenét relationship of the
Halomonassp. Exol with the related species. The percentage of replida trees in which the associated taxa clustered together inhte bootstrap test (1,000 replicates)
is shown next to the branches. Branches corresponding to paitions reproduced in< 50% bootstrap replicates are collapsed. Accession numbersre written after the
species or strain names.
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RESULTS

Physico-Chemical Analysis of
marina Rhizosphere Soil

The rhizosphere soil was found to contain 1.427% of NaCl an
1.96 ppm of As. The detailed physico-chemical properties of th
soil sample (pH 7.0) are listed in tf&upplementary Table S1

Avicennia

Isolation and Identi cation of
Exopolysaccharide Producing

Halo-Rhizobacteria
Out of the 14 plant growth-promoting halo-rhizobacterialaitns
growing in 4mM [As(lll)] supplemented 8% TSMGM, six
strains were initially selected due to their production of EP
16S rDNA sequence analysis showed all the six strains belo
to the members of the genudalomonas Figure 1 shows the
evolutionary relationship of theHalomonasisolates among
themselves and with other EPS producing or non-EPS producin
Halomonasstrains.

Phylogenetic analysis demonstrated thialomonassp. Exol
is more closely related tdalomonasp. Exo9 thaidalomonasp.
Exo02,Halomonassp. Exo6Halomonassp. Exo8 andHalomonas
sp. Exo7.Halomonassp. strain Exol showed 100% identity
to non-EPS producingHalomonassp. HSBO7 (KC832321.1)
(Liu et al., 201Bbut only 94% similarity with EPS producing
strain Halomonas ventosad12 (Martinez-Canovas et al., 2004
and 93% identity to three strains: mauran (EPS) producin
Halomonas maurastrain S-31 (NR_042010.1B¢uchotroch
et al., 200}, Halomonas rifensistrain HK31@Amjres et al., 2011
andHalomonas smyrnensgrain AAD4 (Poli et al., 20133

All the 6 Halomonasstrains produced water-soluble EPS of
varying amounts (15.8-27.9 mg nt) in 8% TSMGM Figure 2.
Among them Halomonasp. strain Exol was selected for further
study based on its highest yield of EPS production.

Figure 3shows Field Emission Scanning Electron Microscopy,

(FESEM) images of the topography of EPS coated cell

Halomonassp. Exol in which a single short rod-shaped cell

with polymer-like substances forming a thin matrix over thedic
surface was seerfigure 3A). In addition, closer microscopic
observation revealed the presence of numerous irregulatalry
like structures probably of cell-bound EPSs on the cell sarfa
(Figures 3B,Q. Instead of SEM, FESEM was selected as th
technique provides a clearer, less electro staticallyrtiégtémage
with nanometer level spatial resolution that is three to $mds
better than SEM and allows measurements of ne structur
and micromechanical properties of sample. Further it mininsize
sample charge up and damage as it is operated at lower electr
accelerating voltages, and gives better images of imneedi
biological surfaces due to a reduction in electron penetrati

Characterization of the Plant
Growth-Promoting Rhizomicrobes Toward

Abiotic Stress Tolerance: Salt and Arsenic
The isolated PGPRHalomonassp. Exol was found to be

d

e =
E:
z E
=g
=

(\MEPY \ MY \ M\
& ® @
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In salt-supplemented media
after 5 days of incubation

o

FIGURE 2 | Total EPS yield from 6 selectedHalomonasstrains in
salt-supplemented medium (8% TSMGM) after 5 days of incubain. Vertical
bars represent mean standard deviation of triplicate measurements.

J Statistical signi cance of EPS vyield fronHalomonassp. Exol was measured
separately with each of the 5 isolates and shown accordingly

and 24% total salt). The strain was found to accumulateyfairl
large amounts of osmolytes when grown in 8% TSMGM. The
order of accumulation of osmolytes in 8% TSMGM grown
cells of Halomonassp. Exol were in the following order:
NaC (42,839 mg kg! dry weight)> Mg%® (29,288.1 mg kg*

y weight) > K¢ (13,601.7mg kg' dry weight) > C&C
1,847.46 mg kg' dry weight). On the other hand, in the LB
broth grown control cells, Na accumulation was 6,310 mg
kg 1 dry weight while that of K€, Mg?®, and C&° were
found to be below detectable limitS@pplementary Figure SiL
In the 8% TSMGM medium, amount of Na, Mg, K, and
%a cations were 6.4, 1.733, 0.187, and 0.013% respectively.
Ithough presence of organic osmolytes or exact mechanism
of osmoregulation inrHalomonassp. Exol was not investigated

a5)ut higher intracellular concentration of Nathan KC ions

indicates that it is following the same haloadaptation mode as
ost other moderate halophiles displaying “low salt in” stggte
ren, 2003 Although the strain could tolerate up to 8 mM

O
%s(lll)], increasing concentration of As lowered growtate and

salt toleranceSupplementary Figure SZhows growth pro les

of Halomonasp. Exol in presence of the abiotic stresses and MIC
values toward salt and As tolerances. The As toleranceyabfli
Halomonassp. Exol is believed to be partly due to detoxi cation
ability to oxidize more toxic form of [As(l11)] to less toxiform of
[As(V)] as observed biochemicallsgpplementary Figure SB

euryhaline facultative mesohalophilic in nature and couldand partly due to bioaccumulative ability of [As(ll)] as eeidced
tolerate wide range of salt concentrations (upto 20% NaGby AAS study of the acid digested cell biomass grown in
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As supplemented mediumF{gure 4). In Halomonassp. Exol, biosorption was quanti ed. The dead cell-biomasdHafiomonas
maximum amount of As bioaccumulation occurred during earlysp. Exol induced 20.91% depletion of the initial 4 mM sodium
to late log phase of growth where 252.4 md As was detected arsenite and the As content of the cell-free extract post intiaha
in the cell-free medium on day 0 in which 2mM [As(lll)] was was 45.38% (considering the initial metal concentratiorthef
originally added. Highest accumulation of As (1527 mgkdry ~ metal solution to be 100% prior to incubation with dead baizter
weight) was found in the pellet on day 3 after which it started t cell). The loosely bound As (adhering to the dead cell surface)
decline. Arsenic level in the media started to increase aadlied must have been removed during the washing steps. The mass
a steady state during late stationary to death phase. Bakterdf [As(Ill)] bioadsorped was 43mg kd (dry weight) of dead
culture grown in 8% TSMGM for three generations in the absenceell-biomass. The percentages of As in the supernatants and
of As showed only trace amount of As in the 3-days old cell-pellethe bacterial pellets may not have reached 100%. Some As may
(0.83mg kg! dry weight) and served as negative control. Thebe lost during multiple washing of the cells with deionized
whole experiment was conducted in the presence of salt whiclater. The washing may have caused release of some cell-
was found to enhance HM tolerance. It has been hypothesizdzbund EPS (with bound As) into the washed-out fraction. This
that the decrease in As level within cell-pellets could be gwinwashed-out fraction would not be present in the supernatant,
to cell autolysis during death phase resulting in the reled#es as the supernatant was ltered prior to quanti cation in order
back into the growth medium. to suppress the potential contribution of the secreted baateri
To further proof biomass mediated physical adsorption of ASEPS to As adsorption. In addition to As, stress responses of
in addition to live cells, dead bacterial biomass mediafex{lll)]  Halomonassp. Exol toward 10 other heavy metals in LB and

100um WD 8.3mm

FIGURE 3 | Morphological analysis of EPS producingdalomonassp. Exol. Field Emission Scanning Electron Micrograph (FIEEB) images ofHalomonassp. Exol
displaying loosely attached polymeric substances on its desurface (A) with zoomed in images of numerous crystal like structures afell-bound EPS on the bacterial
cell surface(B,C).
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FIGURE 4 | In vivotime-dependent arsenic bioaccumulation by live cells. Thamount of total [As(l11)] in ambient media and total [As(IIl)] bocamulated within
cell-biomass of Halomonassp. Exol1 are represented as mg | 1 and mg kg 1 (dry weight), respectively. Vertical bars represent mean standard deviation of triplicate
measurements values. 252.42mg | 1 As was detected in 0-day cell-free 8% TSMGM containing 2 mM [#(111)] (positive control for As in ambient media). 0.83 mg

kg 1 (dry weight) trace As was detected in 3-day cell-pellet growin 8% TSMGM without As (negative control for As bioaccumutan).
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salt media were also studied. The MIC values of the strain in 8%ays elapsed and maximum vyield was observed during late
TSMGM were 8 mM for [As(lIl)], 140 mM for [As(V)], 15mM stationary phase of bacterial growth.

for [Cr(1ID)], 2 mM for [Cr(VI)], 1 mM for [Co(ll)], 0.4 mM for
[Pb(1D], 1 mM for [Cu(ll)], 0.4 mM for [Zn], 500 mM for [Mo], . . R
90 mM for [Mn], 2,0mM for [Ni(Il)], and 0.5mM for [cd]. In  BioPNysical Characterization of the

the absence of salt (i.e., in LB media), the MIC values were 1 mi#XOpolysaccharide

for [As(I1)], 150 mM for [As(V)], 8 mM for [Cr(lI1)], 1 mM for The secreted EPS was found to be soluble in water. The
[Cr(VI)], LmM for [Co(ll)], 0.5mM for [Pb(Il)], 1.5mM for salinity and electrical conductivity of the crude EPS pregare
[Cu(ll)], 2mM for [Zn], 550 mM for [Mo], 20 mM for [Mn], in deionized HO (20mg ml 1) prior to desalting was 17
2.5mM for [Ni(Il)], and 0.2 mM for [Cd]. So, for certain metal PSU and 25 0.2 mS/cm, respectively. With an increase
like [As(I11)], Cr, Cd, and Mn, MIC values dropped in the absencei As stress (6 mM) under saline condition, the salinity and
of salt. This indicated the role of salt in increasing rewsist electrical conductivity of crude Exol becamel8 PSU and 26.4
toward these metals iHalomonassp. strain Exol. In later 0.5mS/cm. After desalting, the extracted EPS showed tyadind
studies, it was found that EPS secreted by the strain in poesen  €lectrical conductivity of 0.5 PSU and 0.083 mS/cm, resyelgti

salt was responsible for their increased tolerance towdetttgsl  1his observation suggests that the cell-free EPS is capable of
HMs. This result is signi cant as this is the rst report, which qguenching mixed sea salts from the cultivating medium. Tota

shows that salt can play a role in increasing metal tolerance éutral-carbohydrate in cell-free and cell-bound EPS we$8 0.
selected HMs. and 20.87mg m 1, respectively. Concentrations of proteins in

cell-free and cell-bound EPS were 76.12 and 7%§an 1,

. . respectively. Lipid estimation showed 25 md ¢jpids content in
Exopolysaccharide Production Under Salt total EPS while that of sulfate content was found to be 90.66 m
and Arsenic Stresses g L. Scanning electron micrograph revealed that the puri ed
E ects of increasing concentration of salt and As onEPS was compact and globular in natukégiure 5, which is a
EPS vyield in Halomonas sp. strain Exol is shown in characteristic of plasticized Im3/ang etal., 2010
Supplementary Figure S4 It may be mentioned here that The XRD prole of EPS exhibited non-crystalline nature
in the absence of salt or with 0.5% NaCl supplementatiof the substance with major characteristic di raction peaks a
in LB broth, detectable EPS production was not noticed ir82.1 and 45.6 A containing inter planar spacing (d-spacing) of
Halomonassp. Exo1l. Interestingly, EPS production was detecte®.786 and 1.988 A respectivejupplementary Figure Sp To
when LB broth was amended with 1% NaCl. EPS productiomnderstand the role of EPS in salt and As sequestration, pure
increased with increase in NaCl concentration up to 20%, wheruntreated EPS and pure EPS incubated with NaCl and As were
maximum EPS vyield was observed. A sudden sharp fall in ERfhalyzed by FT-IRRigure 6). The adsorption of heavy metals
production was noticed when NaCl concentration was incrdaseor inorganic osmolytes by EPS is energy independent, and could
to 22.5%. It is believed that a breakdown of osmo-toleranceccur through interaction between metal cations and fuowcél
caused growth inhibition and decrease in EPS productiongroups of the EPS. So, the e ects of salt and As stresses the
E ect of As stress on the production of EPS (both cell-freefunctional groups of the puri ed EPS were determined. The FT-
and cell-bound) in 8% TSMGM was depicted kalomonas IR analysis of untreated pure EPS showed a broad stretching peak
sp. Exol $upplementary Figure S4B It was found that EPS at 3415.93 cm?® (range 3,600-3,200 crly), corresponding to
yield increased with increasing [As(lll)] concentratiorpuo  hydroxyl group(s) Kavita et al., 2013; Wang et al., 2)2which
6 mM. However, 8mM [As(lll)] caused signi cant decreaseis generally the characteristic of a carbohydrate ringn(et al.,
in EPS yield. Amount of cell-bound EPS was negligible ir2005; Kumar et al., 20) while a small peak at 2092.77 cf
comparison to cell-free EPS both in absence and presence ajrresponds to the presence of free carboxyl groupsnfan
di erent concentrations of [As(l1l)], suggesting that majty of et al., 201 Presence of an asymmetric medium stretching peak
the EPS produced iflalomonassp. Exol was secreted in the at 1,631 cm? may correspond to the ring stretching of mannose
surrounding medium. Time-dependent study in 8% TSMGMor galactoseKreitas et al., 200®r to the stretch vibration of ©
containing 2mM As showed that total EPS yield increased witl©® bond (Francois et al., 2012; Zhang et al., 20The absorption

FIGURE 5 | Scanning Electron Micrograph (SEM) images of puri ed Exol siwing compact globular nature (A-D).
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FIGURE 6 | Effects of salt and arsenic stresses on the FT-IR spectra of
functional groups of puri ed Exol done in solid (KBr) phase. Ain vitro assay:
Exol extracted from cells grown in 8% TSMGM media was incubaid with 5,
15, and 20% NaCl. B.In vivoassay: Puri ed Exol was extracted from bacteria
grown in 8% TSMGM containing different concentrations of [#(111)]. Cln vitro
assay: Puri ed Exol was extracted from bacteria grown in salsupplemented
(8% TSMGM) media without As and puri ed EPS was incubatedh vitro with
4mM [As(lll)] and 10 mM [As(V)]. The wave numbers of distinct gesain cm 1
are shown in red with respect to crude/puri ed Exol. An arrow denarcates a
peak that is absent in salt-treated puri ed Exo1(A) and in As-treated puri ed
Exo1l in case of bothin vivo(B) and in vitro (C) assays.

Analysis of the composition of crude EPS, puried EPS

A 08 o and puried EPS treated with di erent concentrations of salt
Crude EPS (Exol) produced byHalomonassp. Exol by SEM-EDX revealed the
3 0.61 ;’Eﬁ:iﬁssggfs";‘:&l presence of common elements (C, N, O) and osmolytes (Na, K,
_§ Purified EPS (Exol) + 15% NaCl Mg, Ca), apart from chlorine, sulfur and phosphorous residues.
§0-4' Purified EPS (Exol) + 20% NaCl Supplementary Table S3hows weight and atomic percentages
] of these elements. Accumulation of these osmolytes withi§ EP
0 ) perhaps occurred during EPS production in salt-supplemented
0.0 \{‘“\’*‘N‘ i media, which contained several sea salts including NaCl, KC
0 1000 2000 3000 4000 5000 MgCly, MgSQ, and CaCJl. However, the weight % and atomic
Wave numbers (cm™) % of dierent elements between crude and puried Exol
showed marked variations, probably owing to the removal of
B i RS Gl considerable amounts of salts and impurities like trace iseta
04 1593 Purified EPS (Exol) +2 mM As(II) from crude EPS during desalting and puri cation procesdas.

vitro assays of puri ed EPS laden with NaCl using salt solutions
with di erent NaCl concentrations showed an increase of Na %
weight from 1.13 of control to 2.95 for 5% NaCl and to 3.19 for
15 % NaCl concentration. For atomic weight, the values wege 0
(contral), 1.78 (5% NaCl), and 1.97 (15% NacCl).

-0.1- ‘Wave numbers (cm'l) . . 3
Functional Characterization of the
c , Exopolysaccharide
0.4+ 11302{531.78 Purified EPS (Exol) (Control) R . R
m% : saison Purified EPS (Exol) + 4 mM As(lII) Finally the role of EPS in salt and As sequestration was cord
o3l W Purified EPS (Exo1) + 10 mM As(V) through in vivo and in vitro arsenic and salt bioadsorption.

In the in vivo As bioadsorption assay, puri ed EPS was found
to be capable of sequestering [As(lll)] in a dose and time-
dependent mannerHigure 7). Arsenic dose-dependent study
showed that the amount of EPS-mediated bioadsorped [A$(111)
increased two-folds with every two-fold increase in [As(lI)]
concentration (0, 2, 4, 6mM) and as such showed a linear
correlation Figure 7A). It has been observed that 5-day EPS
from 8% TSMGM without As (negative control) contained
only 0.86mg kg? (dry weight) [As(lI)]. Moreover, the results
from time-dependent study showed a decrease in [As(lI)]
bioadsorption with increase in time, and after a period of 9 to
12 days it reached a level of saturation. The amount of [A3(ll
bioadsorped by bacterial EPS from its ambient medium with
time is shown inFigure 7B. A trace amount [2.46 mg kd (dry
weight)] of [As(lll)] was detected in 3-day EPS from 8% TSMGM
without As (negative control). In thén vitro EPS-mediated As
bioadsorption assay, puri ed EPS was found to be capable of
sequestering both the species of As [As(lll) and As(V)]. Oa th
other hand, only trace amounts of [As(lll)] (2.86 mg kydry
weight) and [As(V)] (1.46 mg kg'dry weight) were detected

peaks ranging from 1,000 to 1,200chwere designated to
C-O-C and C-O freitas et al.,, 2009; Kavita et al., 2D1A
peak at 1130.29 cnt (1,000-1,125 cnt) may be attributed
to O-acetyl ester linkage bond of uronic aci@ra@mhachari
and Dubey, 2006 The absorption peak at 638 crh (690-515
cm 1) corresponds to stretching of alkyl-halideszyita et al., Like As,in vitro EPS-mediated salt (143 sequestration assay
201). Interestingly, both salt and metal laden EPS fronvivo  showed that the puried EPS fronHalomonassp. Exol can
and in vitro studies clearly reveal the absence of the peak aequester Na ions from salt solutions with dierent NaCl
1130.29 cm? (Figures 6A—Q. This shows signi cant association concentrations (5, 15, and 20%). The amount of EPS-bourfd Na
of acetyl group of EPS in Naand As binding as has been was found to increase with increase in NaCl concentratiotha
postulated by another report where CO group was involved irsolution (28,390 mg kgt dry weight for 5% NaCl and 37,500 mg
divalent cation binding Qzturk et al., 201y} kg ! dry weight for 15% NacCl), and reached a saturation level

in controls. Although, sequestration of [As(lll)] from 4 mM
NaAsQ solution was higher (593.81 mg kbdry weight) than
[As(V)] sequestered from 10 mM NAsOy solution (289.07 mg
kg 1 dry weight), however, the values were not statistically
signi cant (Figure 70).
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(36,000 mg kg' dry weight) at 20% NaCl. Although, the control salt-tolerant rice seeds showed good germination in digtille
(EPS without salt treatment) showed some amount of ioniavater (control). Seed germination stopped completely in the
NaC (1,910mg kgl dry weight) probably owing to residual presence of NaCl (data not shown). As freshwater germination
indigenous N& that remained bound with the EPS moleculesis must for Jarava variety, no germination was observed when
during EPS production in salt media, however, this amouniseeds were incubated with bacteria grown in presence of salt.
was signi cantly less compared to the EPS-boun& Ndtained After 15 days of bacterization, the isolate either alone or
under the salt-treated condition&igure §). in consortia showed little e ect on germination percentage.

Antioxidant ability of the pure EPS was also calculated andn presence of Exol and bacterial consortia, the germination
the percentage DPPH-free radical scavenging activity fi¢ ceindices were calculated to be 83 and 82%, respectively whereas
free and cell-bound EPS was found to be 33.75 and 34.03¢h¢e control plates containing only water-germinated seeghi

respectively$upplementary Figure Sp showed 80% germination. Similar results were observed when
average lengths and average (fresh and dry) weights of anots

Estimation of Essential Plant shoots of germinated seedlings (bacteria-treated) weresuned

Growth-Promoting Properties Under Salt and compared with the untreated contrdrigures 9A,B. This

dA ic St is perhaps due to the fact that in presence of the microbes, the
an FSenic otresses . _._.._germination of few rice seeds was enhanced while othersreithe
Halomonassp. Exol was positive for phosphate solubilizationemained unaltered or exhibited poor germination. Additiof

(phosphate sglubilization index 2,)’ IAA, siderpphore, lelnd 2mM [As(lll)] caused 0% germination in the control and 20%
HCN production and showed biocontrol activity against onej, e test plates. This slight increase in germination in the

phytopathogenic fungus-usarium oxysporiumAlthough the — ,eqence of As in the Exol treated test plates may be attributed
isolate showed i xing abilities as determined by growth 4, e microbes. The growth performances of the plants in pots
in N-de cient media, however, the presence offH genes (., and shoot lengths, fresh and dry weights of roots and
could not be established by PCR-based method. All plantyyaig) ere highest in the consortia treatment followed by
growth-promoting properties exceptNxation and biocontrol 1515 monassp. Exol and lowest in untreated control. However,

activity were analyzed under two types of.ablo'uc Stresseficrease in NaCl stress (twice with respect to control) intbaa-

salt and As.Supplementary Figure S7shows images of the yeateq pots resulted in slight decrease in the overall drowt
results obtained from biochemical assays on various PGB tormances, which were observed in normal unstressed plants
traits. Supplementary Figure S8hows the e ect of salt and (Figures 9C,0). Uninoculated plants showed no extra growth

As on PGP properties of the strain. OD shift assay in saltyqer this NaCl stress. Interestingly, when pot soil was ateein

free and salt-supplemented NBRIP-BPB med?&_‘ (N.BRIP Wiﬂi)vith EPS instead of microbe, growth performance parameters
bromophenol blue) showed that salt had positive impact ony e piantlets were signi cantly increased as compared t th
phosphate solupmzatlon but_As exhibited negatl\_/e 'mpa_chzo-treated control soil. Furthermore, Nand PQ3  contents
(Suppl_mentary Figure S Strlaln Exol ShOWe‘?' maximum Pl 50 4he roots and shoots were found to be higher in treated dant
solubilization of 286.4#4g ml *and the nal media pH dropped  (pacteria-inoculated plants and plants grown in pots contagni

to pH _5'36 gfte_r 8 day_s of g_rpwt_h indicating orgr?mic aCidEPS) than in control Kigures 9E ;. The amounts of N and
production. Similar to Pi solubilization, IAA production was PO, in the pot soil for all treatment conditions were also

more in salt-supplemented media (8% TSMGM) than in salt'comparatble. Increased B® content is probably the result
de cient media. However, in salt-supplemented media unde

. of the Pi solubilization ability of the PGPR isolates that may
[As(II)] stress (2, 4, and 6mM), production of IAA decreasedy, e released soluble P from the native inorganic phosphate

W';h ?ncrease in As conc.entration suggesting that As stvm present in the pot soil. However, the cause of increased N
inhibitory to IAA production. Ammonia and HCN production uptake is not clear. This may be either due to diret Mation

were decreased under both salt and As stress conditions. Scﬁiility of the strains, which could not be fully con rmed in
IAA, ammonia and HCN production can_be ruled out to this study or N uptake-promoting ability of the phosphate
promote ephanced plant growth under cgmblned pressure of Sagolubilizing bacteria (PSBsSupplementary Figure S1Ghows
and arsenic. In salt-supplemented media, although sideraphor, o o5 of rice growth promotion assay. Again, it was observed
production was initially less compared to salt-de cient Medi ya4 4| control plants that germinated normally died witha h

but gradually increased over yme anql nally became comphrabin the pots amended with 20mg kg [As(lIl)]. But bacteria-
after 72h O,f growth. Interestingly, siderophore productloa:w. treated and/or EPS-treated plants survived for 5 more dajts wi
enhanced in presence of [As(lll)] stress (2, 4 and 6mM) ing,4r growth performances, suggesting prominent metal toyicit
salt-supplemented media. (Figures 9C,D). Additionally, in order to conrm As toxicity

. . the roots and shoots were separately processed for estimation
Effects _Of Salt and Arsenic on R'_Ce Growth ) of [As(lll)] concentrations. Maximum accumulation of As wa
Promotion by Halomonas Strains and Their noticed in shoots (15 0.42mg kg?') while roots showed

Secreted Exopolysaccharide little accumulation (1.1 0.23mg kg?). Translocation Factor
Laboratory-scale plate and pot-based bioassays were cenducfTF) and Bioaccumulation Factor (BAF) were calculated to be
for germination and growth of moderately salt-tolerant gic 13.64 and 0.06, respectively. Finally, As bioremediationnpiate
variety (Jarava) witfidalomonassp. Exol and puri ed EPS. The of Halomonasstrains and puri ed Exol was further analyzed
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FIGURE 7 | In vivoand in vitro EPS-mediated bioadsorption of arsenicln vivodose-dependent (0, 2, 4, 6 mM)(A) and time-dependent (3, 6, 9, 12 days)(B) arsenic
sequestration from ambient salt media by EPS frontHHalomonas sp. Exol. 0.86 mg kg 1 (dry weight) [As(lll)] was detected in 5-day EPS from 8% TSMGMthout As
while 2.46 mg kg 1 (dry weight) trace [As(lll)] was detected in 3-day EPS from 8% W&M without As (negative control(C) In vitro bioadsorption of arsenic by Exol.
The amounts of bioadsorped [As(lIl)] and [As(V)] in mg ké dry weight of puri ed EPS incubated overnight at 4 C in solutions containing 4 mM [As(lIl)] and 10 mM
[As(V)], respectively. Exol without [As(lII)[/[As(V)] treatthwas used as control. Error bars represent mean standard deviation of triplicate values.

directly under salt stress. [As(l1l)] was also estimateafirroots
and shoots of rice seedlings grown in normal pot soil contagni
indigenous As (2.96mg kd dry weight) derived from the
environment. In control plants, roots and shoots containe@9l
and 2mg kg?! of As, respectively and the TF and BAF were
1.06 and 0.64, respectively. 3.89 and 8.04 md kij As were
observed in the roots of plants treated wkfalomonassp. Exol
and bacterial consortia, respectively. Shoots of plantsddea
with Halomonassp. Exol and bacterial consortia contained 2.6
and 3.61mg kg of As, respectively. For plants treated with
Halomonassp. Exol, the TF and BAF were 0.67 and 1.31,
respectively. For plants treated with bacterial consortie, TF
and BAF were 0.45 and 2.72, respectively. Interestingly, fo
puried EPS-treated plants, the TF and BAF were 0.23 an
1.43, respectively.

|®N
=

DISCUSSION

Ext il | . bst | haride FIGURE 8 | In vitro Exol mediated N& sequestration. Bars show the
xtracellular polymeric  substances or exopolysaccharl ‘%mounts of bioadsorped N& in mg kg 1 dry weight of puri ed EPS, which

(EPSs) are complex blend of high molecular weight microbial was incubated overnight at 4 C in solutions containing 5, 15 and 20% NaCl
secretary biopolymeric by-products that are composed of (wiv). EPS without salt treatment (0% NaCl) was used as controError bars
Organ|c macromolecu'es ||ke po'ysaccha”des a|0ng Withrepresent mean standard deviation of triplicate values.
smaller proportions of proteins, lipids, humic substances and
uronic acids. Nevertheless, the ne structures of EPSs vadsorption. However, there are reports of As-induced baateri
greatly among microbial genera and living habitatSupta bio Im formation apart from As inducible EPS production,
and Diwan, 201). Structural and compositional makeover of which can e ectively adsorp the metalloid/igrchal et al., 2010,
EPS favors the sequestration of metal ions that occurs tiftou 2011). This study observed that salt acted as inducer of EPS
biosorption, by interaction between positively charged rhetaproduction while addition of As in the salt-amended media
ions and negatively charged EPS. Abundant active and ibleisa enhanced EPS production. Role of salt in bio Im formation
functional groups and non-carbohydrate substituents likeand/or EPS accumulation was already reported in a few halo-
acetamido, amine, sulfhydryl and carboxyl groups in proteingolerant strains Qzturk and Aslim, 2010; Qurashi and Sabri,
and phosphodiester (techoic acid), phosphate, hydroxyl groups012. Although production of EPSs in response to salt,
in polysaccharides impart an overall negative charge to thstarvation, dehydration, antibiotic or heavy metal stréssl
biopolymer Costa et al., 20)8 been reported Gupta and Diwan, 2017 the role of EPS in
This study demonstrated the ability éfalomonassp. Exol osmoregulation was s least studied in general. Interelgtinige
and its secreted EPS to sequester As con rming EPS-medéated resistivity toward [As(111)] was also related to salt stregsile
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FIGURE 9 | Effects of selected halo-rhizobacteria and puri ed Exol onhe germination, growth and nutrient uptake ability of saltelerant rice under salt and arsenic
stresses. Average root and shoot lengthgA) and average fresh and dry weights of roots and shoot¢B) of germinated rice seeds in plate-based germination assay.
Average root and shoot lengths(C) and average dry weights of roots and shootgD) of 15-day old germinated rice seedlings in pot-based growthassay. Amounts of
phosphate (PQ;3 ) (E) and nitrogen (\b) (F) uptaken by the roots and shoots of 15-day old germinated riceseedlings in pot-based growth assay. Error bars

represent mean standard deviation of triplicate values. * denotes statigtal signi cance with respect to NaCl (control) whereas ** deotes statistical signi cance with

respect to As (control).
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in the absence of salt, the observed MIC valueHafomonas stress via restoration of their improper hormonal balancehwit
sp. Exol toward [As(Ill)] was lower than that found in the activities that includes synthesis of essential phytohaoresdike
presence of salt. On the other hand, for [As(V)] no change inndole-3-acetic acid (IAA), gibberellins (GA), cytokisn(CK),
MIC values was noticed either in the presence or absence of sabscisic acid (ABA) together with solubilization of inonja
It is believed that some kind of positive feedback is operating phosphate, nitrogen xation and synthesis and excretion of
Halomonassp. Exol to keep As mediated damage low. Increasezksential metabolites such as siderophores and EPSs. The halo
As in the medium triggers the cells to synthesize more EP&hwh rhizobacterial isolate under investigation exhibited P@&its
sequesters more As thereby reducing the toxic e ect of theaiet like IAA, NH3, HCN and siderophore production and inorganic

In addition to the EPS-mediated As adsorptiddalomonas phosphate solubilization. A preliminary investigation omnp-N
sp. Exol can bioremediate or detoxify As by oxidation of morexation property in the test organism indicated that the stnai
toxic [As(I11)] to less toxic [As(V)]. Apart from the biosorppn  may be N- xer as it showed good growth in semi-solid Burk's
of As, increase in MIC level of selected other HMs (Cr, CdN-free media. However, As exerted negative impact on all the
and Mn) in presence of EPS indicated that EPS may have roRGP traits except production of siderophores, which increased
in biosorption of these HMs too. Nevertheless, As resistantith increase in As stress up to 6 mM. Siderophores are high-
microbes employ di erent strategies to cope with As stress lika nity, metal-binding plant metabolites secreted outside biet
oxidation, reduction, dissimilatory arsenate reducingiaty  cell envelope. Present literature suggests that siderophbes
and bioaccumulation through complexion, chelation eteo¢ are produced under conditions of iron (Fe) de ciency to quanc
et al., 201p Puried EPS was readily soluble in water andFe from the surroundings are also able to e ectively bind other
was produced maximally under metal (As) contaminated salinenetal and metalloids including AsR@kumar et al., 2030
ambience during late stationary phase of bacterial growlRDX Siderophores also take part in preventing infections from sdve
data indicated that the EPS was amorphous in nature, whichhytopathogens such &usarium oxysporiurby making Fe less
was further corroborated by the SEM analysis. EDX data sHowevailable to certain pathogenic microbes, and thereforasen
that the EPS contains elements such as Na and Ca, which migiegsential biocontrol metabolite3érthelin et al., 1991 As this
aid in adsorption of oppositely charged metals like As from thestrain also showed antagonism agaiRgsarium oxysporiungo
ambient media and the sulfate group present in it confered itén addition to the direct growth-promoting features of the P&
anionic character in the saline environmeriti€lsen and Jahn, in this study,Halomonasp. Exol could be e ective as biocontrol
1999. The distribution of cations such as Raand C& in the  agent thereby boosting plant growth indirectly by keeping awa
EPS also suggested their ability to bind to the negativegasar phytopathogenic bacteria and fungi. PGP activitieslafomonas
of the sulfate groups rendering them more bioavailable tofglan and other halo-tolerant bacteria that work under salt and HM
The present study shows the As bioadsorption potential of EPSiresses have already been reported from a few studliesikee
bothin vivoandin vitro in dose-dependent and time-dependentet al., 2010; Desale et al., 20 Moreover, some of them are EPS
manner. It has been observed that with a linear increase in Agroducers but none of the studies revealed the role of EPS with
dose, a proportional increase of the amount of EPS-mediatedirect plant growth promotion. This is the rst report where EPS
As bioadsorption occurred. However, with increase in tintes t was found to directly enhance rice growth. Nevertheléssra
amount of bioadsorped As attained a steady state probablygwiret al. (2010)showed that crude cyanobacterial EPS from non-
to the saturation of As binding sites in the EPS. In an earliehalophilicNostocspecies enhanced seed germination and growth
report,Deschatre et al. (2018howed that one marine bacterium vigor of rice, wheat and maize (plate-based assay) by binding
produced EPS that bioadsorped positively charged metal iorike free N& ions from aqueous media. They also hypothesized
(Ag® and Ci°). Although, EPS-mediated HM sequestrationthe possible role of EPS in increasing the growth vigor of
was studied by several research groupsréira et al., 20)1the  the seedlings. Interestingly, the present study demonstrated
current study has its own merits in the sense tiawivo EPS- the ability of Halomonassp. Exol to bioaccumulate essential
mediated metal sequestration is more physiologically eelev osmolytes including Na and K€, and showed direcin vitro
compared to theén vitro studies conducted by earlier groups.  evidence for EPS-mediated sequestration df Mmns. Presence

Role of halo-tolerant PGPR in promoting growth of of increased level of Nain NaCl-treated EPS was further
agricultural crops in soil su ering from increased salinityadhr corroborated by SEM-EDX analysis. Therefore, consistent with
been studied previously while only a few studies describetthe results ofArora et al. (201Q)one of the mechanisms of plant
the role of EPS on direct plant growth promotion. Most growth promotion by puri ed EPS (Exol) is through salt stress
scientists reported that EPS promotes growth by its biocdntraalleviation by EPS-mediated Naon chelation and making them
property Upadhyay et al., 20).7The present study focused less available to plants under saline conditions. Moreovet E
on all the aspects of plant growth promotion and showed thatan improve soil structure by binding to soil particles to form
application of pure EPS to the pot soil improved rice growthmicroaggregates and macroaggregates and improves the water
under abiotic stresses. The PGP traits of the whole celleundholding capacity of soil Amellal et al., 1998 EPS produced
di erent conditions of salt and As stresses were investig@s by Paenibacillus polymyxancreases the aggregation of root
these factors modulated EPS production. Halo-tolerant PGPRdhering soil/root tissue ratio in wheatA(nellal et al., 1998
withstand high salinity by virtue of their e cient osmoredatory ~ Additionally, plants that harbor EPS-producing rhizobader
mechanism that facilitates in carrying out normal cell ftioos have selective advantage over others during environmental
in salt stress and they help salt-sensitive plants to oveecsafine  stresses like excessive salt and water logging:t al. (2008)
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suggested the role of EPSs in inorganic phosphate solublizat As sequestration itdalomonassp. Exol occurred through EPS-
and plant growth promotion. However, the actual mechanism bymediated bioadsorption. Among the other functional roles of
which bacteria employ EPS in inorganic phosphate solubitirati the puri ed EPSjn vitro NaC ion sequestration and antioxidant

is yet to be elucidated. Another role of EPS is antioxidativig  activity were signi cant. Finally, direct growth-promotine ect
(Kohler et al., 20089 which has also been re ected in the presentof the puri ed EPS was observed based on the increased growth
study where EPS derived fromdalomonassp. Exol showed vigor of the salt-tolerant rice seedlings in pot-based ksags
DPPH-free radical scavenging activity. Therefore, this study established the role of halo-rhizibaal

Most of the rice varieties including Jarava used in thisEPS in promoting plant growth where EPS-mediated growth
study are non-tolerant varieties that do not survive at légh promotion of rice perhaps occurred through salt stress
concentration of As. Nevertheless, As translocation wageto alleviation, inorganic phosphate solubilization and enhethc
in the microbe-treated plants than the control plants. Henlce t nutrient uptake. So, the overall results of the present resear
application of As-accumulating rhizomicrobes decreasesitie  suggested that the isolated halo-PGPR and its puri ed EPS would
of As food chain contamination. Another advantage of the tes nd application as bioinoculant or biofertilizer in the cultation
rhizobacterium, used as bioinoculum, is that it does notibith  of salt-tolerant crops such as rice in the low-lying contaated
antibiotic resistance properties and hence is absolutelgrtéld  coastal areas.
applications (data not shown). Moreover, antifungal property
and presence of siderophores would help the plants to surviva UTHOR CONTRIBUTIONS
in the competitive environment of the rhizosphere.

Therefore, the isolated salt- and As-tolerant PGPR and itAM provided the soil and plant samples and helped in
EPS would be ideal candidates for application as biofemt#lize outsourcing. PM carried out all the lab based experiment$ wit
or as bioinoculants, which would help in bioremediation of guidance from MR. MR and PM prepared the manuscript. The
contaminated saline soil and support agronomy of salt-talera manuscript was checked several times by the three authors and
rice cultivation through salinity stress alleviation. all of them agreed on the nal version.
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