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Abstract

Background and Objective: Corn is a crop with moderate sensitivity to soil salinity; therefore, improving its resistance
to salinity stress is very important.

Methods: To investigate the effect of native extremophile isolates of Khorasan Razavi, with the highest ability to produce
tri-indoleacetic acid (IAA), soluble mineral phosphates (PSB), and exopolysaccharides (EPS), on the yield, yield
components, and micronutrient concentrations of supersweet corn (Elika cultivar), a study was conducted using three
separate factorial experiments in a randomized complete block design. Each experiment included two factors: 1) type of
bacteria (halophilic, alkaliphilic, and haloalkaliphilic) and 2) three different native isolates of halophilic (H2, H5 and H9),
alkaliphilic (A11, A14 and A16) and haloalkaliphilic (HA7, HA8 and HA9) along with two controls (culture medium
without bacteria and water) in nine replications under saline-alkali soil conditions in 2024.

Results: The average isolate’s concentrations of IAA, PSB, and EPS production were obtained for halophiles (74.6, 44.5
mg L' and 29.3 uM L), alkaliphiles (1390.5, 135.7 mg I'! and 19.1 pM L"), and haloalkaliphiles (257.0, 141.7 mg L"!
and 99.79 uM L), respectively. The average yield components and concentrations of micronutrients, except for iron,
were higher in the haloalkaliphilic group, and the average corn yield was higher in the halophilic group. Alkaliphilic
bacteria showed superiority in the absorption of iron (145.4 mg kg!) and manganese (34.6 mg kg™!). The efficiency of
alkaliphiles was not as high as the other two groups, probably due to insufficient sodium concentration, but A14 had a
higher yield (2.245 kg m™) than the others.

Conclusion: The maximum average corn yield was observed in the halophilic isolate H5 with 3.879 kg m™, followed by
the haloalkaliphilic isolate HAS8 with 2.825 kg m™. There was a difference of 2.7 kg m™ between the maximum (H5) and
minimum (A11) corn yield. The lower yield in the haloalkaliphilic isolates was probably due to the higher soil salinity
(34.1 dS m™") compared to the halophilic isolates (12.5 dS m™).
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1- Extremophiles
2- Azospirillum
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6- Soluble mineral phosphates (PSB)
7- Exopolysaccharides (EPS)
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4- Plant growth-promoting rhizobacteria (PGPR)
5- Tri-indoleacetic acid (IAA)
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Table 1. Geographical characteristics of saline and alkaline soils sampled from Khorasan Razavi Province
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Table 2. Specific culture media for halophile (Ventosa et al., 1998), alkaliphile (Horikoshi, 2006) and haloalkaliphile bacterial
isolates (Jones et al., 1992).
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The pH of the culture medium was adjusted to 7.2 with 1 N KOH before sterilization.
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It was sterilized separately from other materials and added to the culture medium before culturing the isolates.
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Table 3. Means' comparison of the concentrations of tri-indoleacetic acid (IAA), solubility of insoluble phosphates, and
exopolysaccharides (EPS) produced in halophilic, alkaliphilic, and haloalkaliphilic bacterial isolates
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Table 4. Location and some physical and chemical properties of three soils used for planting media

Ll s 25 S alo; by, sl gy als Ay S S
Agricultural soil at the study site Rahmaniyeh Village River sand Unit Property No.
704 70.7 99.4 Y% Sand )% 1
24.6 16.9 0.6 % Silt < 2
5.0 124 0.0 Y% Clay ) 3
Sandy loam Sandy Loam Sand - Soil texture S sl 4
8.10 7.90 8.55 - pH sl 5
1.18 60.32 0.54 dSm! Electrical conductivity S 3l ,Ula, 6
0.03 0.023 0.019 % Total nitrogen |S 035 %5 7
7.86 2.65 0.16 mgL?! Available phosphorous v zws LB i 8
15.53 11.25 2.70 mgL?! Available potassium - zes )5 (..MLJ 9
035 027 0.22 % Organic carbon I ¢, S 10
0 526.99 0 meq L! Sodium ;s 11
0 85.47 0 (meq L1)°5  Sodium adsorption ratio ks ode 12
SIS iy sl ekl oS 5 SB a5 (S sl i 0 0 s
Table 5. Some physical and chemical properties of three composite soils made for planting beds
EC=34.1dSm! EC=125dSm’ EC=256dSm" > S )
Unit Property No
62 64.8 72.8 % Sand 4 1
21 22 18 % Silt <o 2
17 13.2 9.2 % Clay -, 3
Sandy Loam Sandy Loam Sandy Loam - Soil texture S 5L 4
8.72 7.17 8.35 - pH sty 5
34.1 12.5 2.56 dS m’! Electrical conductivity S I ULs, 6
0.0324 0.0159 0.0247 % Total nitrogen S 035z 7
0 6.72 0 mg L Available phosphorous . zws LB jaus 8
5.47 6.97 6.97 mg L Available potassium . zws |8 (..MLJ 9
0.375 0.185 0.287 % Organic carbon JI -, S 10
200 71 124.0 meq L' Sodium e 11
19.72 6.56 14.99 (meq L)% Sodium adsorption ratio R ol Cd 12

¥y



Gl s Ol g ,asl

\f'—‘\‘/f)Lﬁ a,L«:«/‘.M;.sL: JLA/@L;JJU- Ly,

S Ky 5 5 5la g S sls Ol Torbaghan et al. (2024)
CE S S 2D esldB )58 LS slas SL 4
(D s obie Sl 55 do3 YY/Y S VYN XFOL Ll
VXY 5 50) e 5 S e sla0 5 0 e 35
Ly sl OLE plsl GNIS wl (sl (Aoys PY/Y 5 SOY
AL g b o 5K 5 oal eSSl chle
b i 5 s el Sl G Sk Sl o el
s chle Plas 5 laaeo s s Y¥/fe mg kg 5 VFO/Y
YA/Ye mg kgl 5 ANVTe L e bty 50 glags SU
chle nalie amslio (F Jodx) dol ks 5350 5 ool 6l
o sSan K55 0SSk g b S e 5 S s 3
(B paneS pole 5l (b Kb g5,y (P dsdr) 015 OLL
S5 s il e 2131 3L (S PH :S0ke &8 alKas
Lo pH ol s a5 L aS s o 45 pH a8 L (o)
(aglli s > LB > 50 6l i fa) b S A,
s 53 (7 dodr) 35 G e gy 55 53 ) RIS
Bahar ) taoa e e gland bl 4 e 5 65
L e Y e 5 OLLS el 55 (Kazemi, 2024
by ol b adse Sl a8 5 elS s sy Sl
ol 5o L lacand Wiy e CBLE L1550 L LS s
S 2308 (@Dl Jde Sl oy s sl b A= Sl S
DL 1 ol iles G meeS Sobe Laili sl Yol
sy s SL st (Bani Hashemi, 2015) das
el o Sy e jobe Chle gl sl 5 LB sl
(Eskandari Torbaghan et al., 2024 ) sls gL 5.5 GN1S wl
sl s e S s chle il Wy, &
ol b aslio Lo ;S 30 ot oty 55 5 A lls 5
Ll i 3 (EPS 5 PSB JAA) L, (lasS e Uy oS
Chle Bl L e g SL Sl e e s olKales]
LS Bl 5 S s ke S e ) g
ez 5 Sd e B iy polie SRS L1 S s
S oo 55 & 5 g SU oo pH i 36 s S

» oeea (Rashidi et al.,, 2013) s g Ll s ¥ bl
2 e AT e s sdplnil (slags 1 Se3ll ol
)JLAA.“:U})UTW)J;LS‘JJeLfMjﬁﬁdu;ﬁ}JxAj
L;;,s@;@‘uoi)mywﬂd;k}mmoww
LS e Ly o0 Isb s Sle b slerd 5l el
)\ LAASJ.: LfLQ.: cuéj'sbc.:ll;)\ bLA)L@?:g:A.:JJ\f)‘dN
ol S 6;@(4&1 ep 5 ks il S cla.w
L slas oS slas s g L) ke Lol i,
a)b Q)} Qsﬁmﬁa)WQQJAJU Q)} gu.:«fe
Q)M “ J% Q)j 9 fhﬁ aasle 9 ngff JAL;' a)l...;'-Li
)‘ C,..:jjﬁ) Loyd S g_))) A sz:f°)“’b‘ MK‘J}-
A Do 4y 5 ogeeder a2 3 VY Gles s Ol s S5 8
4JS o (Emami, 1996) Ai acile 5 s 50 Colo
Lgles glawise 5 Ll 3,5 mwo Olal Law g b s
JAL& g_afmrS L5-{L'\9 )JL.Q gﬁ;-_f 6;5)‘.)\;\ (5‘)’ bJ;..jaJJ,}L
Q&b,bu;fuijggb-e@b)]mJM}JK.ALLSJ)4&T
sl sy Sl b mba 5 G350l 5l
JALS slas sk lea B s baesls bl 4 s ..,UJ.g.zjf
W CB.JMSTAT-C )lj.é\cjj Sleslaad b L1866 s sl
S gme el Bl 0051 5 b Sile anslie gl s

A eslatal Lo s o Jlaz=| ck..: 4> (LSD)

o g s
A 212 0L 8L ey S aw gl (il alie mls
3 5 b oS sl (b el sl ali s Shas (sl
5> 01 eS 5 bdmldi ot 55 Wy SO 03y 5 Gl
Wiyt U35 AR s (P Jsax) Ad sdalis et LS
DS 5 gy 5d o Y/ kgm?) 5 Slas 5 (F Jsa)
(F Jsax) el cowsay (VAOA kg m?) Ladieslls s O
Jdse Ylamml w5 lalir 53 053 2oy 5 Slee
Glawlis Loaslio 3 0T (VY0 dS m™) S St (6,5

Eskandari (gla jiass 5s (OFF/) dS m™) ae L)

¥¥



“*5)" g;l?‘L’ 905 dJ-“S“‘

‘1A Aipiqeqoid o/4,6 2 18 153) (IS Y} UO Paseq JUSIDLJIP ANUROIIUSIS 10U T8 19)19] JB[IUUIS SUO ISLI[ I YIIM SUBdUI ‘UtN[0d Yord U]

S S : 2 > . G O b ) .
€ o F 0 Al <rief? 5 < ey € 1680 @S R =P @ 2 e ooy

sqydrreyeorey
T — e CO1°E 2 SS8I e STVI e €01 e 079V q966'¢ >67°L9 q¥S0°T qC601 2 08°€E 20708 0¥ 01
apydey|y
o e VCTE L2 CLTI 10T > ££€96 q £°S0¥ q990¥ e 916 58881 e V'SP e 097¢E qO0F9S  q00T6
sqrydorey
cc q¥96°C qCLTI q6L €1 el 'COI q 08T e 109V qSI'S8 e EVV'C 507’88 q0T6T 0965  -00V9
el
nan
" . i wo wo 8 - 8 w3y -3y Sw -3y Sw (B 8u | 33w
I=r
EN_MMM:@MMMEQ juepd 1od soAed] wsnpe Pk woo
i 7O IqUINN IjouueIp WSy yuerd yuerd 1od s1)snp JO Y3 :
FL JORGUINN - S el © JO 1B JO Joquun| = ) R i e e
Son ) g 3 4 ’ O ( €3 7
™ .ﬂf..“. o €y mJ»\ ~ .,\_...sz MJo o mV\:..ﬂmv o .Aﬂn...v € MJo s \M&.\. L) o

; s5'c .
W«.«nﬂ«\ﬂ)nﬁ “.ﬁj-\)l
e e ra ~%

P ¢ My Asg aF FIASTD K K |9 oo asc € o Mol P st o o (o

3 Shes gl o Sos LS00 slags S gl !

UIOD UI S)USLNUOIDIW JO UOTENUIIUO0D Pue P[aIA ‘sjusuodurod plark awos uo 2d4) erajoeq jo 10272 2y 10§ uosueduwod SUesjA "9 IjqeL

Yo



Gl s Ol g ,asl

\f'—‘\‘/f)Lﬁ a,L«:«/‘.M;.sL: JLA/@L;JJU- Ly,

.(Emami et al., 2020) ceul & sline (ilisea

2ol b S e s 5SS ole b wty
At talis H22 alir 55 ¢SS 5 ¢ Se 8 5 V0 Y
L s e SN 0y ol e 5 sV )
ReSuke Voo chle 5 (o ul ali) 8L s aala
chle (IS, sba (V Jsdr) A ad HY ala s iji.;
23 Sa pe Ll & ) 3550 B paeeS Gl ole
AU cos Ol O 5 el dals 4 cd Jhasn ol
A et slaghasy S5 E deg s laglas
el o3 sy Sl LIl 5ty 58 Slag St pasia
Olsu WL (Eskandari Torbaghan et al., 2024) (sls oLis |,
03 o334 olS 5 S dags SU uslan BT 48 3500 Olse
SL 23lie L) S paneS e jobe (2 n oenl by Sl
s ol Sl L OT oMo 5 035 ey ey (S 5
S350 U0l a5 1 S Ol 5 sl b g SL )
il s IS s 58 5 e s ool Gl et
sl Ol aals b guls pme ples Ay S e slas SL
.(Akhavan et al., 2010)

9 Cw)l Lzl 4y o8 sy Ol wegWs glaaslis o)
il s Slas o Shes @l Slio olad 5 sl 3
Osds bl & Comd o 5 S5 3R Al olle ol
05 Ll slag SL LA Jgar) Losls QLS fals (g SL
S o Jaim /0 550 1y 555 pH VO B4 1 pH 63 5l
oD s SLE 53 0535 JEl glawlels L lagg L (gl
30 Cdled 4 (UFsn bl oS 2 5a5 5 ATP )
Eskandari ) _ias3 s .(Horikoshi, 1999) s . asls|
SSL g5 e AL oliw w,, L (Torbaghan, 2017
S wsedalie AT bl b 55 Ayl 55 5 LS (5
Ll edasolss dislls slagglis s pH e alia
JMEe) 35 L3S Laoea pH o 5 CiS s oS- LS
5 b s &C{_ﬁ.& iy (e MY ol dals s pH

NI RV R L:A9 A_LlJ;;- E) R C) ‘_;29- E) LSJ":“"" PH o3 50>

5 bagls g ,5s 3 oo sa 5 Ol bug A,
Eskandari Torbaghan (glaasl a5 sdalin Lo, L3, 00
e O ey 1S 5 Jldie 4 axe sls OLES et al. (2024)
AT 55 L s b hio ole S clil
Sl st lls Glaglir & 53 Je Olges O
osba pobe (F 53 5 las PH Lilen 555 LI aes
Las S Jams 5 el 5 sy SIS e it diiene
— S G 5 e b O35 Shle IS sba sy
S 53yl ped ang a3t o VA SVE ALY CS 5
Loy bl 31 (slags 5L sl Ol 5 ediuns il Yz S 555 ol
35 b 5 Sopd A5 il 8 s ol pl peal B s e
.(Eskandari Torbaghan et al., 2024) s, Sl
s L ek 4 SO 4 depd glaglr b5
cble 5 gad, Oliw il g G o 5 R H22 wlas
s Shas oty S5 (V Jsde) Sudls 1y O paneS ubis
s HS wlas 55 WAVE kg m? lis b ladts 0 3 &3
Jsdr) L e YVVO kg m? luie LH22 wlir 3 ees
O3 dals sH5 H9 H22 s 53 sladslir (6,8 )54 (V
5 00/ YFA FYA L sa Sl oo se (HC) (5 SU
(2l T Aals G as 4 Cod D3 3 Shes Lo 3 YY/Y
ol o 5o HS 5 HO (H22 iy 58 0l e b as
Lo S0 4 s 5 Shes Aoy YA 5 Y0 YE)Y
s Sa oS sl Ol @\:.} gl A e SO oS
5t s s Ses il dsus VV/F 5 YVA OFP
Gl i BT L (BLil 5 3t 5 slanllr (5,8 54,
Ll Laasl ol il el o 5 (g g &y g0 3)
5 ol e 55 g SU Ll Ol 5 1S sraslis
53 olS Gl s S e W5 5 e ole el
Tl 45 das e L la ol Sl 5 ()58 Ll 0
38 les Gl Coarge Ad) S g SL L ObLS
s 03 53 3, Ses il 5l andl 55 e QLS o Ll
bl 3 5 K5 680 a8 Sl s S il

\id



|

Ly s,

Sk s 50

ad

3 St sl o3 Kooy b5 slags 5L gl

H: ¥~ (apydofery)

“1oa3] Apiqeqoid 046 a1 e 1531 (IS7T AY) U0 Paskq JUIJIP A[JUBDITUSIS J0U I8 I3))3] JL[IWIS SUO JSLI[ JB [JIAM SURIW ‘UWN[0d YILd U]

€ & 0 AN A riel? B <o iy € e (00 @S0 R 1P @ e o o

o) WP > [T 200711 2 7¥'86 q0E€ q€C6'Y pV0TL qSILT qL6 q 6C q09 e 6
OH e (TE q €T pEEEl q €'€01 ¢ 00S WY 29606 2€00T e (0T q 6T 29T e8
SH el e STSI 2 0EVI > 8701 e 091 eSL'S qSL'S6 e 6L8'E > 08 q0€ e 9L qC
6H bl q0°€l q I8¥I p 9886 q 0t p 00V 20919 2990C qe 001 q¥C q19 qbv
CH q68C p686 e 0S°SI e C'LOT e 0TS p68E e 7'S0T pESSI p €9 e e eSL 6
.
iz = - un o 3 - 3 Mugs -8y Sw -8y Sw 38w | 3y3w
Eﬁwﬁ MM MMMM@E juepd 1ad soaeo] osnp e POk wop)
Jo quinN Wy jued 1od JouBp ;
e JoPqumN B SRR ue[q ved e JoyuBom SISTO JO IqUINN - e R AR MEZ P
o€ e o ¢ > €O ~X 5 Faradh 3 4 ’ ) I
¥ o =T e (@3 s g orie v o€ e & e e st e ik
orie Ty=venS? iy NMJ & i

UIOO UI SJUSLINUOIOIU JO UOIBIUIOUOD pue P[aIk ‘sjusuoduwod prorA awos uo sajefost a[ydorey Jo 193130 o 10J uostreduiod SUeajy “L qeL

el A oy A 9 S o8 ey € ET 109 svpso sopsc € gD el g st o€ ol

v



oyl [ @ad5iLs Jl/ oS 5 S Ly,

g

\f“f/f)

b s 505 sl

Vi A (arydiey)

"1oad] Ayiqeqoid 046 Y 1B 153) (IS'T 2Y) U0 Paseq JURISIJIP A[JUBdHTUSIS JOU a1k 12)39] IB[IUIS SUO IS 8 [IIM SUBSUW ‘UWN[0d OB U]

€ ¥ 0 AT =i’ B < v € e (660 @ST 0 T P @ e e oo

J PPt > IT'TI p [T°0I 26001 q06¢ p68T 2VL'L8 2S69'1 p 201 q €€ > 0F e €l
0) 4 e[L'€ e EV91 > ITTI q 1001 e 0LS e LS9 e ['T€1 e V61°C e €81 e 8¢ e 001 e Cl
v 0 CCE qL9T1 q ITCI 2 IT°€6 2 0CE 298T pOL'IL pELTT 2 LT1 qCt o Iy q6
148% pSLT pSC8 2908 p0S'L8 >0V 288°¢ 2 £€°8S e SVCT qLST @ S€ o I¥ q8
9V P& SVI'TIL eLSEL q 001 e L'90S VY q 6601 qC86'1 q8S1 qSE q8$ o
£l=r = = wo wo 3 - 3 2 8y -8 Sw (Oy8w By Sw | SySw

juepd 1od sopuelq SMGMMS_ SN[
KBRS 30 N JO JoquunN b%%m% By el e M“_M%u Eﬂm MQM”MZ% I TERM PIoIA o) uoIy osoweSuey  ouwrz  Jaddop
s i 4 S ) s J PM JORqUINN o< . - . e
“or e T Konie  ere vl S ) it > e st e
v M= 95 o e

o|c ...\MJ <

UIOD UI SJUSLINUOION JO UOTJEUOUOD PuUk PJaIA ‘sjuauoduiods patk awos uo sajejost a[ydifeyye jo 102732 a1 10J uostreduros sueajy g [qeL

2P v iy A 9 Ar giyFr € 20 19 sosCo vse € g e a0 s o oo

A



s S sl o Shes iUl 53 slas S gl )

“'j)l’ ul'.‘L’ 905 6)-”&”"

Rajput ) 55 oS Ay 53 50 Jomilt gLl 5 (ot LIS
TV s il e oS s 6 Sk ol ekl (etal, 2013
—6 5 sl o3 Y (g8 A5 S S ol (g
53 bl g3 ACC clled ds s o 5l i 5 i eelS
.(Rajput et al., 2013) 1> S ACC | s
313 0L sl 55 glaglr s Sos sl e 2
Feomle Wo/f o il axli sae Y/ .Sl LHAY ol
SSle LHAS ol 5 06,505 055 0 SLS 010 50lS plis )l
kgm s Ss pf‘\?/?\‘ 4SS O FIFY al e sl
Jadr) Lid bl desls ) oo slawsls o 5 0 Y/AYO 2
3550 D paneS ols 51 S a cllE 6l paie Ly, (4
L bl anslie cf gazee o (8 Jsdr) Al sdalin w)
ke HAB alis o8 sl 0l il dals 5 SuS
38 (0YY mgkg) pal b panaS ol ChE 5l rin
b, (0% mgkg!) e 5 (04 mgkg') s, (Fo mgkg™)
Ly o 3l M5 L sl sl a5 (4 Jsi) il
L laey S ale juSen sy 5 iy KlS e b, SL 5
sl bl (Yavari, 2024) L3l 1S 55 L
05 3 e (JTOLS 5 550 me Jals lamma s Lags S
oS AS1gs ile e ( JT LS 5) 0 S e (A 5
3381 T S 5 05S1) 05 25 oy (a5
(035,50 daS165 5 Ll 2 bW s ile Sdae LS 35
robe ple s s Oipm Ll die sl Zulg 0
Slamer iy 5 0l Lld s 8 il e claS
df'l s,8 0 ale (Yavari, 2024) b o5 S
Bl ol Slash 5o (S Ll s ek bl
3o 35,5 Ol Sl s by § Cogline A, o ge
S St sl eslanad b plsly placdsn 5 gdd) Sliw &
Olul 2 ladliwalsly 53 deglli) 5 5 LS 58 (a5,
P e &S 3l OLAS (Khalili Torghabe et al., 2022) ¢ 5.5,

BEl QT UJ-JS(’SJLAMJJ‘; ojﬁ)b (?\/Y cm) el.:f CLL?)‘

¥

Eskandari ) sls jolaewt! 50 4 |, pH i &Jsg
bl Jlie o) s Oles > (Torbaghan, 2017
(S Lase 5o Lol i) S sl OlE 5 bl SO S
S oba woils Liy e SO S UL, 5 Sl st
e VoY dS I L dald el 5 LSS bl e
Ay il Bl 2550 KLl Glaasldr 508 bl
ssbieds OLELE, 5 il Jasme ol 550 s w3 ol
Db sl S 5l s 03 S i, Slie 5
LT 51 ol 12 45 ol l gl sl (slaa o
el SLs s Sy A sk il el
&S 5 sa> 45 Wols Olis Horikoshi and Kitada (1997)
D503 4 el Aol Jad US| S 55l L3 pege SR ke
sbaliz 5l Fp o A8 e b bl glad sl
(Al il e (K)ol sl il sl
5K Gezeas (Horikoshi, 2006) w3l s 5L 52 8l
gl G50l 5 sl Mg alad dnT3 03 e w0
50ke (Horikoshi, 2006) ol sl Aol 5 stalive diey LIS
A Bl Jsloe el slse S (5 el feily 3l
Gl 53 OV S e VYY) cds s o/VAYD L —¥/¥4
Eskandari Torbaghan, ) 54 w5 3550 Leld3 slaa i
S G ek O Sl Yozl S5l g3 55 (2017
B8 33,8 dlls gladlir 5L b o s
Ll ks o 5t ki e sl VWOV L AL6 alis
L Jlsiome O Oay 35 Al4 alitr A Jod) sls 0L
5 Sas g 5 e YYYO kgm? laie by 6 SU O dalis
(A Jsdr) sl olansl s 4y delld glaaglr o 55 1)
SN ot a sl gls o SL o
YEY) TAA oS W55 (5, 8L opl oS ols Ol Y iy i),
V) idee lacilind ISl Ul (il s e p 55 e
S eslizal) Slasliss ACC w5 Grdke 5 0 55 S
Ngs e Yoo Bee (655 53 05558 e Olgsay ACC

9- Planococcus rifietoensis



a,w/raayudu/al;,su Ly,

g

\f“f/f)

Gl sy Ol g g asl

VE ¥ ™ (anydieyreorer)
“Tea?] Lypiqeqoid 04,6 Ay Je 153) (IS 2Y) UO paseq JUIJIP APJUedTuSIs Jou aIe 12)12] JE[IUIS U0 JSe3] 8 YIIM SUBSW ‘Unjod [oea uf

€ o F0 A0S § i R <o e € (90 @sT ¢ R <P @ mF e e

O q€€°€E e 68°'1C e LI'SI aCL'T6 > 06¢ TV p £6'SS q60€°T q VTl e €V p 0€ p ¥
OVH 268°C 2 LI°LI 28L°€E1 p €001 > 09¢ q00% > 06'8S 2 0LT'T 2 L8 aq CE e V9 qCl
6VH e £9°€ q£961 28801 e 9011 01 2 88°C p 08°SS 2001 2 L8 2 6C 2S¢ qCl
SVH > 00°¢ p 6891 p V6'CTI 2 6°L01 2 09¢ e V¥V e £9°96 e ST8'T e LTI > 0€ q 65 e 91
LVH a IT°E p L9791 q 19°C1 qI'OTI q 008 eV VY q81°0L pSOL1 q ITI qS¢t q £9 28
fl=r = - wo un 3 - 3 w3y 3y 8w -8y S (By8w | 33w

yrerd 1od sayoueiq yeyd 1od s©jsnpd
Arepuooas Jo soqumy]  ue[d 12d soaea| = . erd JO IDqUINN snpP .
E JPWRIp W) JYSY Jue < 1A WO it 2saue3ue our 1dd
s P JO BN BIEE; w A e gowEem . oo P om H % uu
- pfoddy B TR oo, g W upalis TSR N o w“
ore e 95 B ot v el

UI0D Ul SJUSLNUOIDIUI JO UONBIIUIIUO0D pue P[AIA ‘sjusuoduwiod pra1k swos uo sajejost d[ydijexyeoey Jo 19952 2y) 10J uosureduwiod SUesA “6 AqeL

2rfp v Ty Ans afd S o R © E 2 19 aso sl € gD e o sYelo o (o



s S sl o Shes iUl 53 slas S gl )

“J}l’ ul'.‘L’ 905 d)-'\&*"

A3l 3l OF 6 3L s eals il 5 2alS 1) O aagS
(Sdhas ply odle (Grattan and Grieve, 1999)
eL”g E) Ji’.""& L Q\)U.sl;-ﬁ) .)a..l_g) BE Jbb'e s;,?dajr.)&

33330 0T 4 b 30 1 W= 0 a5 o5 04,

& S 4o
AU oo Slie o SOhe alie 5 Ly, amlie JS)5be
lie S0k &8 ol 0L oL SL laglir glsil s
< bl s G o s s S gl
i) 58 55 o a3 Shae e g LB < ladiny ) 53
chle oSk 5 balls & baeglls, s <
AU S a5 g eon s DpaseS pols
I 3 Sas 55 Lok 50 < a3 < U3 50
byl 03 S 53 AV BN ol S35 o ot 85 23
closles 53 3 S ke ol ol Olpe Hpd e
Al e Ll 5 s e 555 slag St
Soss b oS 5O a5l )5 3 Ye/0 5 NP Y/
5 \F/A8 $/05 SAR 5 (o,,s YEA dS m! 5 Y05 Y0
S lag SU plsly SIS 5 Ol sasglis &S 55 VA/VY
sobe chle s (648 5 esiise ghig, edalis e Ll
Shom M e s G e shse O S
035205 5 5 S Sl elS 5 S Ol 5, gla S 5
Sobe boaslis 53 oS Gl ol pl 5L 5,0 bl

.aﬁjfi.s Sl a5 e

Z -
S Rl 5 K
ol oS kia_‘.?L:)J dob:q\]& B W

ét.o alas
(e b mile slas @f@ﬁ Ll Oledl dlie Ot 5

o

R ohe A ph S S A dalie Lt lls oy S
030 i s bdd o ge o )bt i 650 O3 5 1, il
ol 332 (i Mgl 52 lags 8L 05 S s laas
g 5 03 8 o 82 o g by o5l Ll o306 035
—0lg aS 55 V¥/e AV AF/e Ll e LB ) od 5 a3
S by iy s diglliy 50 slag ;SL 5t b S
Corse LBy sl Glag SL =l s bl LS
Sosi bl po ol 5 laalyy Cosb )y do s Ll 58)
Sla S S sba s S A dSmT! 5V s se) sl
e sd 5 bt lld dbaaly ) Al 25 » denlds) o
APl gland s 5 S5 50 Do (R 5 Say
.(Khalili Torghabe et al., 2022) xxils 5 5 i
—4 oS 3l Ol Of alir g5 5 Sk e ST ey
Lk 8 5 3 ,5hee Gl el 58 Slaabr 5 5
fyome 5SSk (Vo Jadr) wails gt 56 s Shes
5oLl g gl st s bl s Shes
YO kg m? 5 VAOV Y/FFY L e Ll 4l
56Sb s b o e ole s n om0 Jsus)
CA.JZSL.:M)J&jzﬂlﬂudﬁfjlsgé:\;{)wq\,\zcjj
5 OAY mgkg!) ool clale p zin oY Jsis) ekl
DM b 580 CBl ames 3 0L, (0 0Y mgkg!) 555
Jsdr) 55 e ol a4 ol wals b s FY mg ke
CipaneS ol T el 5 sk el s ()
534S SlS 5oy VSV)W PR 5 Sy e Al Al
35S Slors obe ol 5l el auS e s, LSl ol
oS sl B A= o ole onl 5o s2)lse o Al s
.(Khoshgoftar Manesh and Siadat, 2002) X ls 55>
Sl s elS g a2l ole 558 Olie a2l
53 aneS ole Chls () bl b (o e (ALS
Sl (§)55 0555 Jsb 5 olS e LSS gl L
ol 5 8o 5s G alaly JS )5k 4 (Pageetal, 1999) ol

ﬁb%@\ﬂé}ﬁ)@bﬁ@%}%dwé



s S Ly,

H: ¥R (apydopery v e (andipev)y VEE £ e (anydipeyeorer)
‘1A Anpiqeqoid 046 Y1 1€ 159) (IS Y} UO Paseq JUdIIJIP APUBDIJIUSIS JOU dI8 19119 JB[IWIS JUO JSBI] B (IIM SUBIW “UWN[0d (OB Uf

€ &m0 A0S ) <ri) R <o i € 0 (K60 @STEC R 1P @ 2 T e

aJL«nﬁ‘/ rﬁ.:)au J/ oS

g

\f“f/f)

|

F S

OxVH oq £€°€ v 681C e LT'81 wCL'T6 2 06€ 2 Y u€6'SS p 60€T p 0TI e 0'EY 700€ p0Y
OVHxVH 3 68°C 2 L9LT 2 8L¢EI q £001 53 09€ 100V 106'8S 10L1T 500°L8 apo 0°CE 2079 q0°CI
6VH*xVH v €9°¢ q£9°61 18801 e 9011 paq 0TS 388°C u08°SS 100T1 300°L8 2 06T 30°S¢ q0°CI
8VH*VH 5 00°€ p 68791 q P61 2 6°L0T qe 909§ p VY p £9°96 q ST8T > 0°LTI ap 0°0€ 2 0°6S e 091
LVH*VH ap IT°€ ap L99T q 19°6T q I'OTT p> 00§ p VPV (8T°0L 1 SOLT p 0TCI 0q 0°S€E p° 0°€9 208

oxV abr'e rITTT (11°01 56001 2 06€ 568'C sVL'L8 rS691 207201 ap 0'EE ;0°0¥ q0'¢l

VXV e L€ 2 EV'91 (1Tl n 17001 e OLS e LS9 e ['TE1 3 V61T e 0°E81 q0'8C e 0T0I  q07TI

[TVxV p CTE L9711 1T 1 11°€6 30T¢ 7 95T 01°1L 1 ELTT > 0°LTI apo 0°CE 0¥ 206

148434 5SLT 105T'8 w908 u05°L8 5 0¥VC 1 88¢ w £€°86 a SPTT q 0°LST 2q 0°S€ 10°1¥ 208

9ITVxV 5 00°€ (PITI s LSET 107001 paq L'90S p EVV q 6601 q C861 q0'8ST 0q 0°S€E 2 08¢ p OV

OxH g e g IT°CT 1 00°TT 1 7786 5 0€€ 2 €T6'Y g P0'TL > SILT ;00°L6 > 06T 2p0'09 206

OHxH p CTE s €C°ET 7 EEEL 2 €701 p 00 p V¥V 19606 1 £00T 207201 2 06T 10°9C 208

SHxH ap €I°E 3 STSI p 0EVI 3187201 p 09¥ qSL'S 2 SL'S6 e 6L8E 70008 ap 0°0€ q0'9L p0T

61H>xH ap V1€ s0°¢l > [8¥1 19886 ;0¢¢ 3100% 30919 5 990C #0001 ;09T ap 019 p OV

CCH>H 5 68°C 3 68°6 q 0SS p TLOT aqe 0TS 3 68°¢ > 7501 y €561 100°€9 poq O'VE q0'SL 206

Cl=r = - wo wo 3 - 3 w3y -8y Sw -3y Sw 8w 33w

Hﬁﬁﬁwmwwuuwgb yuepd 1od saAed] yued rad s1o)snp 1isNpo
. jonquuy 1PN awep waig ”,M_m_ . %,M%u , O e S WEPM poifwoy  woy  oowdw  owz  sddo
= 9 Koy “or o ™ ol PBosi 5 = osfeeim el gl g2 ol
p———l Korel - ove v € 600 -

> 5 0l

b

Lo

U109 Ul SUSLINUOIOIU JO UOTBIJUIIUOD PUB P[AIA ‘Sjuouoduiod p[arA awos uo adA) ajejost pue 2dA) BLI2)OBq JO J99JJ2 UOIORIAUI A} 10] uosteduiod suesjy "0 d[qeL

<rfp oy q.DTJ}Vrdﬁ\_..ﬁa.e%....u)_..ﬂuJm”ﬁmJﬂ.ﬂﬂU..A._q.v_.NK..N«J...A.\_W.%ﬁ%aﬂ%ﬁ\&aﬁvﬁmiﬂ,nwqu

oy



e 3 Shes Gl o Shes LS5 08 slags S gl 1 b s 5 Ola g Sl

References e3lituls ) g0 mlie

1. Adesemoye, A.O., Torbert, H.A., Kloepper, J.W., 2008. Enhanced plant nutrient use efficiency with PGPR and AMF
in an integrated nutrient management system. Can. J. Microbiol. 54, 876—886. https://doi.org/10.1139/w08-081.

2. Akhavan, Z., Fallah, A., Rezayee Omr Abadi, Sh., 2010. Studying the effect of sulfur and Thiobacillus inoculum on
the ability of rapeseed to absorb some elements. National Conference on Health, Environment and Sustainable
Development. Bandar Abbas. https://en.civilica.com/doc/128345/.

3. Astaraei, A.R., Farid Hosseini, A.R., 2012. Biological Fertilizers (Technology, Marketing and Application). Ferdowsi
University of Mashhad Press, 223 pages.

4. Bahar Kazemi, S., 2024. Electrochemical cell — in simple terms. Faraders Electronic Journal. https://blog.faradars.org
5. Baki, G., Abd El Siefritz, K.F., Man, H.M., Weiner, H., Kaldenhoff, R., Kaiser, W.M., 2000. Nitrate reductase in Zea
mays L. under salinity. Plant Cell Environ. 23, 515-521. https://doi.org/10.1046/j.1365-3040.2000.

6. Bani Hashemi, Z., 2015. Plant Mineral Nutrition and Plant Diseases. Ayeezh Press, 352 pages.

7. Belimov, A.A., Safronova, V.I., Mimura, T., 2002. Response of spring rape (Brassica napus var. oleifera L.) to
inoculation with plant growth promoting rhizobacteria containing 1- aminocyclopropane-1-carboxylate deaminase
depends on nutrient status of the plant. Can. J. Microbiol. 48, 189—199. https://doi.org/10.1139/w02-007.

8. Besharati, H., Saleh Rastin, N., 1999. Investigating the effect of using Thiobacillus bacteria inoculum along with
sulfur in increasing phosphorus absorption availability. J. Soil Water. 13(1), 23-39.

9. Cancellier, E., 2013. Re: What are the effects of soil salinity on pH?. Retrieved from:
https://www.researchgate.net/post/What_are the effects of soil salinity on pH/5229bdabd3df3ecb0e8259a2/citation/
download.

10. Emami, A., 1996. Methods of Plant Analysis. Soil and Water Research Institute, Technical Publication No. 982.
Tehran, Iran, 128 pp. (in Persian)

11. Emami, S., Alikhani, H.A., Pourbabaee, A.A., Etesami, H., Sarmadian, F., Motesharezadeh, B., 2020. Comparison
of the effectiveness of plant growth promoting bacteria and chemical fertilizers on improving growth and yield of wheat.
J. Nat. Environ. 73(2), 211-225. https://doi.org/10.22059/jne.2020.292277.1849.

12. Eskandari Torbaghan, M., 2017. Isolation and Efficiency of Haloalkaliphilic Bacteria on Salinity Stress Reduction in
Wheat. PhD Thesis, Ferdowsi University, Mashhad.

13. Eskandari Torbaghan, M., Khalili Torghabeh, G.H., Sherafati, A., 2024. Isolation and Influence of halophilic,
alkaliphilic, and haloalkaliphilic rhizospheric bacteria on the concentration of leaf nutrients in GN15 almonds rootstocks.
J. Res. Hortic. Sci. 3(1), 67-88. https://doi.org/10.22092/RHSJ.2024.361994.1057.

14. Eskandari Torbaghan, M., Lakzian, A., Astaraei, A. R., Fotovat, A., Besharati, H., 2017. Quantitative comparison of
ammonia and 3-indoleacetic acid production in halophilic, alkalophilic and haloalkalophilic bacterial isolates in soil. Exp.
Anim. Biol. 6(1), 41-58. https://doi.org/20.1001.1.23222387.1396.6.1.5.7.

15. Fallah Nosrat Abadi, A., Saleh Rastin, N., Khavazi, K., 1999. Investigation of silicate-solubilizing bacteria in
increasing available potassium for corn plants. J. Water Soil Sci. 13(2), 120-130.

16. Glick, B.R., Penrose, D.M., Li, J., 1998. A model for the lowering of plant ethylene concentrations by plant growth-
promoting bacteria. J. Theor. Biol. 190, 63—68. DOI: 10.1006/jtbi.1997.0532

17. Glickmann, E., Dessaux, Y., 1995. A critical examination of the specificity of the Salkowski reagent for indolic
compound produced by phytopathogenic  bacteria.  Appl.  Environ.  Microbiol. 61,  793-796.
https://doi.org/10.1128/aem.61.2.793-796.1995.

18. Grattan, S.R., Grieve, C.M., 1999. Salinity-mineral nutrient relations in horticultural crops. Sci. Hortic. 78, 127-157.
https://doi.org/10.1016/s0304-4238(98)00192-7.

19.Hamdi, M.A., Shaddad, M.A.K., Doaa, M.M., 2004. Mechanisms of salt tolerance and interactive effects of
Azospirillum brasilense inoculation on maize cultivars grown under salt stress conditions. Plant Growth Regul. 44, 165—
174. https://doi.org/10.1023/B:GROW.0000049414.03099.9b.

20.Hamdia, M. A., El-Komy, H.M., 1997. Effects of salinity, gibberelic acid and Azosbirillum inoculation on growth and
nitrogen uptake of Zea mays L. Biol Plant. 40, 109-120. https://doi.org/10.1023/A:1000904819841.

21.Hamidi, A., Choukan, R., Asgharzadeh, A., Dehghanshoar, M., Ghalavand, A., Malakouti, J. 2009. Study on effect of
application of plant growth promoting rhizobacteria on seedling emergence and establishment and grain yield of late
maturity maize (Zea mays L.) hybrids in field conditions. Seed Plant Prod. 25(2), 183-206.
https://doi.org/10.22092/SPPJ.2017.110372.

22.Horikoshi, K., 1999. Alkaliphiles. Kodansha: Hardwood Academy Publisher, Springer, Germany.

23. Horikoshi, K., 1999. Alkaliphiles: Some applications of their products for biotechnology. Microbiol Mol. Biol. Rev.
63, 735-750. https://doi.org/10.1128/MMBR.63.4.735-750.1999.

24. Horikoshi, K., 2006. Alkaliphiles-Genetic Properties and Applications of Enzymes. Springer, Japan.

25. Iranipour, R., Malakouti, M.J., Abedi, M.J., Sajadi, A., Ghafourian, H., 2008. Main and residual effects of phosphate

oy


https://www.researchgate.net/post/What_are_the_effects_of_soil_salinity_on_pH/5229bdabd3df3ecb0e8259a2/citation/download
https://www.researchgate.net/post/What_are_the_effects_of_soil_salinity_on_pH/5229bdabd3df3ecb0e8259a2/citation/download

b LI 50l 5 g ,asal \\“‘\‘/f)%ajw/#éjudb/ekfjduhfljj

rock, sulfur and Thiobacillus spp bacteria on yield indices of corn and barley. Soil Res. 21(2), 191-200.
https://doi.org/10.22092/1JSR.2018.127086.

26. Jalali, V.R., Asadi Kapourchal, S., Homaee, M., 2017. Evaluating performance of macroscopic water uptake models
at productive growth stages of durum wheat under saline conditions. Agric. Water Manage. 180, 13-21.
https://doi.org/10.1016/j.agwat.2016.10.015.

27.Jones, B., Brian, E., Gravin, J., Stolberglaan, V., 1992. European Patent Application. 1992; Bulletin 93/18. Publication
Number: EP 0 540 127A1. Rank Xerox (UK) Business Services (3.10/3.6/3.3.1).

28.Kalev S. D., Toor G. S., 2018. The composition of soils and sediments. In: Térdk B., Dransfield T. (Eds.), Green
Chemistry: An Inclusive Approach. Elsevier, Amsterdam, pp. 339-357. https://doi.org/10.1016/B978-0-12-809270-
5.00014-5.

29.Khalili Torghabe, G.H., Tehranifar, A., Abedi, B., Eskandari Torbaghan, M., 2022. Improvement of some growth and
biochemical properties of almonds by the use of rhizospheric halophile, alkaliphile and haloalkaliphile bacteria in
Khorasan Razavi almonds orchards. Pomol. Res. 6(2), 62—80. https://doi.org/10.30466/RIP.2021.53296.1157.

30. Khorshidi, M., Salimi, F., Farahjoo, Gh., 2024. Isolation of growth-promoting bacteria from soil and study of its effect
on corn growth under salt stress. The First International and The Sixth National Conference on Biodiversity and Its Impact
on Agriculture and Environment. https://en.civilica.com/doc/2096866.

31.Khoshgoftar Manesh, A., Siadat, H., 2002. Mineral Nutrition of Vegetables and Garden Crops in Saline Conditions.
Publications of the Horticultural Affairs Ministry, First edition.

32.Kitada, M., Horikoshi, K., 1997. Sodium ion-stimulated a-(1-C)-aminoisobutyric acid uptake in alkalophilic Bacillus
species. J. Bacteriol. 131, 784-788. https://doi.org/10.1128/jb.131.3.784-788.1977.

33.Molla, A.H., Shamsuddin, Z.H., Hakimi, M.S., Morziah, M., Puteh, A.B., 2001. Potential for enhancement of root
growth and nodulation of soybean co-inoculated with Azospirillum and Bradyrhizobium in laboratory systems. Soil Biol.
Biochem. 33, 457—463. https://doi.org/10.1016/S0038-0717(00)00186-3.

34. Nourgholipour, F., Khavazi, K., Besharati, H., Fallah, A., 2006. Evaluation of rock phosphate, sulfur and Thiobacillus
application affecting the yield and quality of soybean and their residual effects on corn growth. Soil Res. 20(1), 117-126.
https://doi.org/10.22092/1JSR.2006.127189.

35. Nourgholipour, F., Malakouti, M., Khavazi, K., 2000. The role of Thiobacillus and phosphate solubilizing bacteria
in increasing phosphorus absorption capacity from phosphate soil sources. J. Soil Water Sci. 12(11), 44-54.

36.Page, A.L., Chang, A.C., Adriano, D.C., 1999. Deficiencies and toxicities of trace elements. In: Wallender, W.W.,
Tanji, K.K. (Eds.), Agricultural Salinity Assessment and Management, ASCE Manuals and Reports on Eng. Practice,
ASCE71: 138-160.

37.Rajput, L., Imran, A., Mubeen, F., Hafeez, F.Y., 2013. Salt-tolerant PGPR strain Planococcus rifietoensis promotes
the growth and yield of wheat (7riticum aestivum L.) cultivation in saline soil. Pak. J. Bot. 45(6), 1955-1962.
https://doi.org/10.22059/ijfcs.2017.227071.654274.

38.Rashidi, Z., Zeshkpour, P., Kharestani, H., 2013. Handbook of Biofertilizer Preparation. Agricultural Research
Education and Extension Organization Publication (Tak). 190 pages.

39. Renato de Freitas, J., 2000. Yield and N assimilation of winter inoculated wheat rhizobacteria. Pedobiologia 44, 97—
104. https://doi.org/10.3923/pjbs.2003.344.358.

40. Rohitashav-Singh, Sood, B.K., Sharma, V.K., Singh, R., 1993. Response of forage maize (Zea mays L.) to Azotobacter
inoculation and inoculation and nitrogen. Indian J. Agron. 38, 555-558.

41.Salar Ashaeri, M., Khaledian, M.R., Kavousi Kalashomi, M., Rezaei, M., 2018. Determination of irrigation water
economic value using production function in paddy fields categorized with cluster analysis method in Sefidroud irrigation
and  drainage network. Cereal Res. 8(3), 277-289. (In Persian with English  Abstract).
https://doi.org/10.22124/c.2018.8756.1350.

42.Saleh Rastin, N., 1998. Biological fertilizers. J. Soil Water Sci. 12(3), 1-36.

43.Sasani, S., Jahansooz, M.R., Ahmadi, A., 2014. The effects of deficit irrigation on water use efficiency, yield and
quality of forage pearl millet. Proceedings of the 13th International Crop Science Congress. Sept. 4—7, Karaj, Iran. (In
Persian)

44. Shaharoona, B., Arshad M., Zahir Z.A., Khalid, A., 2006. Performance of Pseudomonas spp. containing ACC-
deaminase for improving growth and yield of maize (Zea mays L.) in the presence of nitrogenous fertilizer. Soil. Biol.
Biochem. 38, 2971-2975.

45. Sperber, J.1., 1958. The incidence of apatite solubilizing organisms in the rhizosphere and soil. Aust. J. Agric. Res. 9,
778. https://doi.org/10.1071/AR9580778.

46.Tilak, K.V.B.R., Singh, C.S., Roy, N.K., Subba Rao, N.S. 1982. Azospirillum brasilense and Azotobacter inoculum
effect on maize and sorghum. Soil Biol. Biochem. 14, 417—418.

47.Ventosa, A., Mellado, E., Sanchez, C., Marquez, M., 2004. Halophilic and halotolerant micro organism from soils.
Microbiology of Extreme Soils. 13, 87—15. https://doi.org/10.1007/978-3-540-74231-9 5.

o¥


https://doi.org/10.1016/B978-0-12-809270-5.00014-5
https://doi.org/10.1016/B978-0-12-809270-5.00014-5
https://en.civilica.com/doc/2096866/

e 3 Shes Gl o Shes LS5 08 slags S gl 1 b s 5 Ola g Sl

48. Ventosa, A., Nieto, J.J., Oren, A., 1998. Biology of moderately halophilic aerobic bacteria. Microbiol. Mol. Biol. Rev

504-544. https://doi.org/10.1128/MMBR.62.2.504-544.
49.Yavari, F., 2024. Factors affecting the growth of microorganisms in food. Health and Nutrition Magazine

https://www.slideshare.net/slideshow/factor-affecting-growth-of-microorganisms-in-food/252774356

00



