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Table 1. Some properties of studied soils

; oC EC
(Soil number) (MPN) % pH ds m
1 1.3x10° 0.73 7.6 5.45
2 1.3x10° 0.93 7.7 86.63
3 1.3x10° 0.65 7.5 14.00
4 2.2x10* 0.44 7.5 121.0
5 3.3x10° 0.48 8.6 14.83
6 3.0x108 0.63 8.1 11.32
7 7.9x10° 0.96 7.8 16.47
8 6.0x10° 0.93 7.6 4.93
9 2.2x10° 0.54 7.4 12.70
10 3.0x10° 0.80 7.7 11.70
11 4.0x10° 0.30 8.2 18.01
12 3.9x10° 0.45 7.9 9.42
13 1.2x10° 0.65 7.6 10.72
14 3.0x10° 0.41 7.8 21.75
15 6.0x10* 0.81 7.6 31.11

oslaiwl NaHCO3, +/-Y :NaBr,+/+\Y «CaCl2.2H.0
ssl> oJ)l . (Rodrguez-Valera et al., 1981)a
et Comex b bbalos b s 5l ey S oo
53 595 O G 3o ,3) e 4 N0 x) ! cfu sus
b ogeab 42,0 YV glos o )o,S0d 4l 5
O 0D ()18 LT aads o y90 VY Gy
5 ook 425 F sl 43 S Lo Slgie
A Gguin Ol (aBBs Ve Soe a4 VFe e erpm) o0
S am ds b csS Lame oids Gilo ) o>
30 42 8o Ve Goe 4 g 13,5 bl ws,0 47 bl
Oetits yosly Cgmy B D ek il B-- - TPM
sleo b gl 50 s S e @ oailenBly gy 09
O 0 Sz ol ools 18 ugundis 4z 0 O+
Olie Oloie g b (S ojluil Cgm) (ol SAS (59

\id

L&n}‘ M‘ i 6&% a8 )é M) @U‘y

VO g Ve YD am sl s sl cus how
bt sbalazr s wl ags NaCl e ao)o
cfu ool p...la.u Coro> l; @WLH»W )Ja.u S)9e
)38 e s CotS ladame onl g3, V/Ox) A
Toe Jsb 5o g i Lol 5l 86
A ot g8l 5l oolaiul
oy Hlado G503l

s e 1w Lol oy ey n sl
#,5) MY (Moraine & Rogovin, 1966)a:8l s

b yegili 7o

malt Y «east extract, ¥ «Glucose,\+ :xJ .
f/IAd  NaCl, t-/0
YA KCI ) MgCl2.6H20, Y/d « MgS04.7H0,

peptone, &  extract,



Sed 69y p el A7 Soe 4 badiged s § i
arys Voogles g amBs 0 590 IV Ceyw b
SFSL Ggmmilimgnr (o D 03ls 1E gl
S g Sehyile Al Ve Sae 4 Ve
5 ke of 2l an b ) sle 5l 2 s
5 Lol Sbllyoladgepgnsel Byre yd doe S
Jsb 5o yregidy iSeeul I esliinl b )95 i oliee
Sd Sl e ad (e S0jll yiegill TV zge
g ol poie b Ol aglie b (6551 bawgs
00,5 dralne KHoPO, Gilizee glacdile I ont

.(Sperber, 1958)

s b

» ale ol gieme sl (g mSosll
Looad (28 sl BT laoe gol> slocudy
s NS 00l lS (id yo pSFIF) dS
PURVELH XGPSR W R e
30 (Qo,0Y i lnyS g asys /0 anul SO0
O ool o allds ol o B cwld

608 oguandas a0 YA sloo jo el VY- o

sbbls Xl

S5 et 89y 5 Ose b 38 Ul o
& alo S5 ) oot w5 s ilo IS
iy s (S HON wg) a5 5l <oy
«(3b; HEN w5 05 (sloged «(fawgie HCN odgi)
S A4S 3g peite (ol (ks HON og) (6,21
Donate-Correa et ) b jaseinw YUY o a0l

.@l., 2004

Joball ano mamiliy Coldlo ols8 oS (6 o3Il
ke Ve 4 wimaz g5l QLS I ey
b @ e YO 4 5L ol cus
$Sucrose, O :ud p a8 cas ) Byl
¢« FeCls, +/+ -0 «€aCOs ,+/\ MgSO4.7H:0, -/
<! «Muscovite, & ¢ NaHMoOs, «/+-Y
O L s)ysd sbojles o) PHET o o Lo e -+ lade
Sade ol madls (1SS aw b (05 o Sl sy
Jslome 39 555 00 3l oy CaggSama il onds Ol nslsy
Vooooe 4 akBs o 90 Veree) Seyile g,
Joe pegdeds oliws I eolaiul Lol (addo
b g So3lail (Model PFP7 Flame Photometer)

(Savostin, 1971)

Yy

ool Blo ctS e 5l ) SOy edy o

(PGP) oLS wihy (S 0iiS Sy yo5 soygos]
A5 Olg e a5l Dygdg e wdg lled
plwl Cas-Agar e Lo 51 oolitwl b 989 ,0um
5 sluSIl ooty ol iy, whol g lawsee ol 28,8

oo 9 dups (Alexander & Zuberer, 1991) | 4
o) by 4 6L Ggmmiliwga I g ySee Ve
P9 g QUlg ol mdl ool (55, 6,188
s s Solwl by (206 a4 o S5, s s,
g b xSL odS Slbl o end LSas S, 20,b

0,8 byl cell VY- iS5l as

65505 UAA) ST odgi g3 o056 Sl
03liinl b 5 (5 fagidy Sl (g b ST odgs g3
B sslite cnl sl 285 pladl (SeusSUl Bye
LSy Comoz b 65 aibimges 5 yds Soe
oo YO 5l sl dee Ve slag))l il ol
L L-Tryptophane (ssl> sdse mbe oo ,iJ
sbajles ;) Jdde o pS9Se Ve cdile
3l eolaiwl (a5 paw Ses w0 O L (59
o 9 9D S S aged Sl VY 5l o )95 0 slag )
& sy Has Jslme st il Jole 35 )
Al 50 @ Jslro (nl 5l i ee So g oz ()]
FeCls Vs s Jolona yiad sl ¥) (SudsSll Goys
31 am b 00938l (ao,0 YO HCIOs 2d s QA
s b oend oy 5y Y-
S rSoill fogils OV« zge Jobo 50 yiagidg iSou
booder oad anlie b ol oSt ol 0

S, Oul @ads ¥

Al Sl Jgaml 5l eads ags o lasbisl s
(Patten & Glick, 1996) 55,5 acul=e (IAA)

skl s s Culdlo olgi (o5 (53l
oo )3 jied c Bl Glie s pSeplal ol 4
VO 4 65L o3l Ggmmibimgan 5l yidg See 0 mle
LR I e e
KCI, +/6 NaCl, +/b «NH4):SOs4,+/0 Glucose,
+/0  MnSO4.7H0, -/ MgSO4.7H.0, -\
Caz(POa)2, & <Yeast extract, +/0 +eSO4.7H.0,
(S o Sed w00 B L 6,58 slales )



WAV 5ol ¥ o led F ol

S g0 0,5 Sladss

oy Wgo Sd &y Jozmito gldaslas (g5Lulas

Vg Sai & Joxie slaaslaz (50,51 cowsa sl
5 Sod 4 Jood Glime bl baagloz ol ey
N e 5 asly Lzme 0 el oy Ul
I Sed 4 Jozie oz £2 aadgl 6802 0 il
A Wod glwlas Sed s, 0+ gdie BT Lo
Mg 0 sV Ul wle Yoo dgl o
aisls lis as s 0 +MY s> laes jo 0y 8L L
wlas Yo ol lp Sed dang sy (V) Jgo
aes oo plas |y adgl 6 b ,e s> e 5l oals ol
St alaar el S ang vy e
) 0, 51 ol 5508 lsen 5 Sl 3ok
S sshilon b plxl fagil 72+ zge Job )0 (6)9
o ad, oblys bals 251 was oo las (V) Jsox
Bl oo 1) Sad doy0 0 5 VIO oo slackale
oy OB )00 GBI L baler Sy 50 g 00
bl i g all s 2L (I3 Lo,
9 oy 4 ol plizmes woye Ve b g el Al L
A0g Sad d )3 VO [0l 4y 0l oS (ol
assls 158 (Gontia et al., 2011) ), Ko ¢ LsoS
la= Brachybacterium saurashtrense sp. Nov « g
0y ol s, sSlle Cawgd Sad ol S a5l eads
WWE oid anlllas 0y Yoo /PA o & ,lS o
5ol a5l LgiSl sse slas Sl aslas
-l Ll I alaz 4 ol LEs Y (6595 b 3blie
4 45 S (cwdlS e plle b (ke 05 (S5
Jose Marti'nez-Ca ) wsls 3l ulgeglls s
Bibi ) ), 5 o (pizmen (NOVaS et al., 2004
Cadguil e p,5 (6,55L wols ,l55 (et al., 2011
40 ab, 4,08 YC6886 Haloferula luteola sp. Nov
9 Jsb Oeizmen 092 Vga oo B0 Ve s IS
s, ulis (Paul et al, 2014) ), Ses
, &3, bl Azotobacter chroococcum (s ,:sL
Sl el (65 4z T luils Sad Yo VIO- + /Y

ST 0l L§J“Sl‘ U"‘ d.i:)

YA

St 4y Caoglio (oS (3303
gobw 4 bale Joxd gl b))l skt &
Gsl i mle oS Lme 5l Sis Gl
sslizul $+ o+ (PEG) JsSIS kil Ly calisea olie
YYZIAY XYYV YANYY AFVITY an polas ol
boe 2l o 3 Fee e (PEG) JoSS sl o5
o Jolae o (slaJeuilsy sloml (6l i oy oot
Michel &Kaufmann, ) o eolazwl L YO gV O Y
el Yo gl il e Ve slag),) (1973
VO ) A U oud wpatl Corez b cotS lae
Jolee 2352 b Glhss Sl 69, p 5 00t Giale
230 ools )18 ceels FA o 4y g adBs j0 440 VY-
—oslwl b (S B zolaw o baslas wl ) ol
Feoezoe Job yo Ll wd) lame 6,95 S 65
Sy el oS g el ylegideiSw] Lags «lagil
dglin 50 SIS GLl dy calizes zoba jo wlaz ,o
ghe) ik mlo buze yo wlia ples wd; (e b

(Michel & Kaufmann, 1973) 45,5 aculoe (oo

165 TRNA 135 b, b baglir JoSUgo (grluliss
el Sl sloalir JoSlse ollit ohiie &
salaz el slopny STy o lwtiul b,
2TF  egas layasly 5l oolawl b g Llai 5)4e
1492R 4 (AGAGTTTGATCMTGGCTCAG)
DNA ,:585 sl {(ACGGGCGGTGTGTRC)
5 e slag Sk gl iy ulss ad ool
oLy ead el ol ple b Ll awslie
L (http://www.ncbi.nim.nih.gov)  ess5 Oledbl

s plosl BlastN asls y 51 oolazu!

-4 lgilel (Gais ol 5o desls gylel & s
aw b Bolas SLls b B s bSOy
5hoolaiwl b 5 ,u503lail 5l Jol> ol o plsl 1SS
285 8 Sl g 325 9550 SAS (gLl I8 gy
22,0 B mhaw 0 LSD ael b 5 (nSlee anlie
Excel 1580 g, 5l oolaiwl b b jloges gy ol plsxl

285 550 2010 s



Sl alizo zglaw )0 6 8L sl ul) (ol -Y Jgua
Table 2. The growth rate of bacterial isolates in different salinity levels

Isolates Different levels of NaCl (%)
0 25 5 10 15
1 0.98 0.88 0.50 0.01 0.00
2 1.12 1.99 1.48 1.01 0.03
5 1.68 2.00 1.99 1.02 0.08
6 112 1.02 1.38 1.12 0.07
7 0.66 1.19 2.03 1.42 0.07
9 0.98 1.89 1.56 1.43 0.07
13 1.43 1.52 1.23 0.95 0.07
14 1.78 1.39 1.24 0.24 0.09
15 1.78 1.46 1.24 0.46 0.00
16 0.47 1.34 1.45 0.76 0.07
17 0.96 1.26 1.52 0.70 0.09
19 0.89 1.49 1.33 0.40 0.08
22 0.43 0.87 1.07 1.32 0.05
24 1.95 1.42 1.28 0.06 0.01
25 0.65 1.29 1.36 0.76 0.04
31 1.76 2.03 1.82 0.05 0.01
33 1.65 1.98 1.33 0.21 0.00
34 0.96 1.98 0.54 0.23 0.08
35 0.53 0.97 1.00 1.12 0.07
36 1.98 1.78 111 0.56 0.09
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Figure 1. Exopolymer (Exopolysaccharide) production by different bacterial isolates

Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
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Figure 2. The ratio of halo to colony in different bacterial isolates in CAS Agar medium

Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
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S178Y Plsal oUlgs L Oceanobacillus picturae
El-Tarabily ) oi aslis 5 dsgw lgicds paie oyl
30 =t Jsle o Jled ] 4 S (&Youssef, 2010
ol olE a0 (5y5d shie Ol talS

039 dsilow adei (o Ulgs

0 Leis cadgl s S8 5l eads olsedl aplaar Y-
Sl adgy a4y ol (YF 4 YAV V0 YY) alos
iz 99 5 (S5 6,2 D) obj (b Jlake 4 (39,000
Ulgs 0509 (0,5 (sloged) obj Jlase 4 (YY 4 YF)
IS shopmedSs 1 (0 D)3l ag
DBl (o0 olS 0By S yze slas ST by So 3ol
e Gk 5l Lags o 4 S ol S J 518 0 oS
a8y cozrge | slon S8 (oniiS plaen (50903

Al

JERSRFWER NP ER:
Tobw doaslos oy as ols lis osls 4y o0 gl
Ve s Pl o Lyl Jlise 515 (59
Al ulwl 10 (P<0.01) cils 5925 (5l sine
Fome Slawd Plodil SUles (s iy ool .Sl
A oaal e YY o led (6,55 ;0 VYV jlacdoe ay
s Pl o 55 559 Gl (F S5
Lol ol azdly yralS Lagslos 5 hawgy Soss
Pl an 0B Glmen ;58 Lz )3 bl (S
YO g VY o,lais slaaslaz) Loy awd YL polie
L «((Hu et al., 2006) |l Son 5 9o
0aiS M wlie 5 (JI sloarwl cilo b lajugluls
5 o gy e S Jslona i 0y 0
o lind S IS sl 5 L (6551 1Y

as asols



WAV 5ol ¥ o led F ol

S g0 0,5 Sladss

1658 zobw daalas aS ols Las Wosls 4y 3o
2yl sleaslos pwly Pl 2 SKlke s lie
d_f.blouLm;&)B_w Py "Z'QCE:: )b(a < %)
)‘J_B.c l_» VY o)Lo_Jﬁa 4—.‘.“'\’.' s WL_, )]m i
Jacie YL 5 ed e [ 0 oomlie VA/SY
olis vez> 5l sl ady 4y o 1) oo alﬂ ol
G5k glace Ll a |, o Olsi oo Yl a5 ool

Bl Cand Sod e oo, jo ul,

L SL 95 olsz 5503 59, 2 (g 0w S o,
SLs o oS g 0l Gl g ailas gu 36 oS
Bagnasco et al, ) 053 s 5 sl S logass

(1998

Jsboos gine gty JSUol 15
ol )3 (oot G rrmlty 001 > il 3
it ol oty 53,5 e b 3 el
9 59990 eI dsl 0dgs &b 51 a5 il
LSan e g 3 oy bl ot S
L S e Sl |, Lo 1S Koo 5 olwald

L a 2 ® No Salt
o 140 -

% 120 - §- §- g 5% Salt
g 100 4 ¥ X

£ ¥ v, BN

g 60 =S ERN

£ 40 CENERER

2 2 NN op
= 0 - = N N M

o

n 1 2 5 6 7 9 13 14 15 16 17 19 22 24 25 31 33 34 35 36

Bacterial isolates

Swd ygui> PAE § yguin 30 (6 55h Lasluz 10 Sliwd pumdS (555 g I phud (g 5lwolyT-F S
2555 3o yd i Jleol gl j0 ls e BB SGls (glarals siz 5031 g,y 4 oS it (Y By S JBlas slls slo Sl
Figure 4. Phosphate solubilizing from tri-calcium phosphate source by bacterial isolates in presence /absence

of salt
Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
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Table 3. Decreasing (%) in the growth rate of bacterial isolates under different drought stresses

(Decreasing percentage in the growth rate)

(Isolates) 15 bar 10bar
1 84.62 52.24
2 65.07 43.19
5 53.25 36.29
6 93.26 30.77
7 60.85 41.64
9 58.55 54.05
13 97.74 13.92
14 67.57 37.38
15 68.55 37.99
16 90.81 63.26
17 55.61 55.44
19 66.72 52.51
22 95.71 57.062
24 98.79 9803
25 100 9848
31 99.82 2261
33 99.24 6554
34 98.11 5544
35 9785 69.18
36 82.20 66.66

5 bar 2bar
41.66 48.89
34.70 21.92
17.59 8.15
375 25.96
35.01 22.59
42.34 19.81
26.58 18.98
36.33 28.97
32.43 30.83
58.16 54.08
37.74 14.01
57.46 34.65
31.43 15.29
89.07 77.04
51.78 12.5
30.89 15.31
61.34 42.86
34.84 22.77
5408 40
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Halotolerant Bacteria -Producing Polymer of Saline Soils

Maryam Talebi Atouei'", Mohsen Olamaee?, Reza Ghorbani Nasrabadi®, Seyed
Alireza Movahedi Naeini?

(Received: January 2017 Accepted: July 2017)

Abstract

Salinity is the most important challenge in arid and semi arid regions. Recently, biological methods
are considered as a way for decreasing harmful effects of salinity on plant. In this study
halotolerant bacteria were isolated from saline soils. The characteristics of plant growth promotion
(PGP) such as production of exopolymer, siderophore, HCN, auxin, ability of potassium and
phousphate solubilization and tolerance to drought stress were investigated. Among the 20 isolates
selected, two isolates (5, 17) selected as super isolates based on PGP test. Results shown that mean
produced exopolymer was in range of 0.8 to 4.2 g I and maximum value was observed by the
isolatel7. All of the isolates can produce halo in CAS-Agar and bacteria isolate No. 5 produced
maximum siderophore with the halo to colony ratio two. Maximum auxin production (8.14 mg I)
was observed by the isolatel7. Also, this isolate had highest ability of potassium solubilization in
presence (12.20) and absence (18.62) of salt. Most of the isolates showed drought tolerance at 2
and 5 bar levels. At 15 bar, Isolates 17 and 5 has the highest tolerance to drought stress in
comparison to control with 55.6 and 53.2 percentage reuction in growth rate, respectively. With
16S rRNA sequencing, the more closley studied of halotolerant superior isolates were identified as
Bacillus. Isolate No. 17 had 99.4% similarity to Bacillus licheniformis DSM13, while isolate No.5
showed 99.57% sequence homology to Bacillus megaterium NBRC 15308.
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