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Abstract
Background and Obijective: The goals of study were to investigate the inoculation effects of Enterobacter
sp. S16-3 on growth characteristics of canola cultivars under drought stress.

Materials and Methods: This experiment was conducted as factorial-experiment based on randomized
complete block design with three replications at hydroponic system of greenhouse, College of Agriculture,
University of Tabriz. Inoculated and non-inoculated six canola cultivars were evaluated under two levels of
drought stress conditions (0.6 and 1.2 MPa) and control.

Results: Results showed that drought stress caused a significant reduction in canola growth parameters such
as fresh and dry weights of plant organs, height, root length, leaf relative water content and biological yield.
Chlorophyll and proline content were suppressed under stress. Inoculation of canola cultivars with plant
growth-promoting rhizobacteria not only improved height and root length, but also increased biological yield
by 57.5 %. Bacterial inoculation also increased chlorophyll content and the concentration of proline under
different stress conditions. Inoculated canola cultivars have better growth characteristics and biological yield
than non-inoculated plants under drought stress conditions. Among canola cultivars inoculated Hyola308
surpassed other cultivars in all parameters under drought stress and the lack of a negative response to
increasing drought stress indicated enhanced drought tolerance of Hyola308.

Conclusion: Taken together, these results demonstrated that Enterobacter sp. S16-3 bacterium probably has
moderated the negative effects of drought stress and reduced the negative response of rapeseed cultivars to

increasing drought stress by modifying the plant growth.

Keywords: Biological Yield, Canola, Drought Stress, Plant Growth-Promoting Rhizobacteria, Proline



Voo Jlo /¥ 0)led ¥V s /ol g 5 (55)5liS il 4 B> oy ¢ 0Bl o

105 P00 41 4o S i Jsuad 4o Enterobacter sp. S16-3 oy 5 yx0 g 551 il
(Brassica napus)

Touly aculd 71, 95 ¥ AL jlos L jaans M 3o ouis o i gSdl calils L

/410 15k ol AT seilse

oo o8 «(g 5, 5LaS suSiils ( (ALS (5551 55 s 5 (59138 b 8 5SebLS lal (55380 A gol Eila-

320058 ol8E3S (55,5 5LaS 00ty « ALS (655 5 g 9 (5913 L 8 S Hlasle-Y

3205 sl (55, 5LaS sulaaily (SIS psige 5 asle 85 S S (3515 g 5 35l oSOkl

33085 o830 (55, LS 8uSmals (AL (5551 55 g 5 (5913 4 05 Sus 58 B s i) (peulid IS A gl ks ¢
Email: bandehhagh@tabrizu.ac.ir «si<s J gicus”

oS

>0 oo Geob O (Saa (i Jaas o Enterobacter sp. S16-3 58U mdl gael HIS 5 1Sl

S s ond @S a0 LSS i b JolS oSl mole Gl 2 JoosiSE o see 0 Glaled] tlaglisy 9 9l g
‘..3 IV C_::Q.‘:J sy &&.‘3 C‘JJ"G ‘La ‘:).‘S ‘LEJ L)T.ulu JAL.B LA‘)QKLQ ._\fd‘)i “).A‘ :):i_)ﬁ ém‘d L;:)‘)JL‘.:ZS a..\Sﬁ..Sl.A
05 (085 W88) wals ol yan 4 JISiuly Ko V/Y 5 /1 (Sl (535 mhais 5u 50 ENterobacter sp. S16-3 ¢ sG

Pl el 15 sy slasialyls 5o 1y ol e GRalS (S suiyi3i 13 Jlael € ol plis ol (ladiily
sSlae (pinad 5 (olsa sla alul SBA (05 i, SBA 005 WSS S 00 (e o @lsine i, Job G
wdy Soae 8L L ol il ol (I8 Sl 5 Son Gl o JBolS lsiae ad i olS S350
Sl QI8 e gl (S bl il 5o w0 0V,0 B G S50 su o Slae pliS ) 5 Ladiin; Jsb Ginl 8] 5o s 5dle
sad el (G5 AlE) ok (55 ABAs Fobais Ho (ls oy bl 5 U85 gl siae Glul il Gl (o 8L il (inea
OB Alias £ glais cad sadd il GLALS b danlie o 653 So3slm 0 Shae 5 sad) olussad 8L L
A5 a3 a1 st ) Lasiel ks S 5o (6580 b sust s Hy0la308 a3, 15K aliyl ploe 5o cils ol (s

W2 35 Ol o8 GBS 4 Jaad (gl 81 suian ol (Sdd suiy 158 (IS 4 e el S 5 @b S ey (KA

oS e sLS ab; 8 sage Gaob 51 Enterobacter sp. S16-3 5,3 oS uls (lis bl 5 gans 5o 15 juSdauia
el s K (KA s 138 (S 4 1K Al e mly JulES 5 KB IS e o)



wyd St i o > Enterobacter sp. S16-3 wis, S e 8L 556

AN

SoSer 5 dila) wu S (oo i Jlad Glsa
(-4

LS wd,  Soae ol slagsisL
< wiies S slag SU 31 e site 05 S (PGPRY)
e 5 aaiiue ilite slaaiuilSe Fusb 5l a5 e
OLLS a3 5 ad; s v Kot el aliis
o2 osdle Lo (L cpl (Yo KK 5u0%) Sl
5 ol i, sl gas S ghalale il
GoosaS s &el 1) golan Jolse oS
5 goole) Sd oo Ll 5 Cw) s b IS5
sl wse b 8L ol dea B (YVE OlKea
lesiSh oS @ 3laie La SISL 5Tl 51 (o) ladiy
g 5o oSslhe Jeslly S wis G oS
LS sla 3586 L ablie 5 oS ai, W Gl
GASL (YA GLKea 5 Ko0s,) il e Ll
lagss L) ol 5l Wl ad, Ssae gl
oo ole) S HSsla ol Hu sdiinak s sl
P 53 oludd Gk 5 e 8L Gl (Y-
S5anS) IS o pae (g 3l @alaS (OLiae ()
s G aeosn s el silie 5 ST s Faok O
Sl S5slem Jd obS 5 5 K0 wslle L
) 358 (oo Olidee oLS (555 s OB ke wolyy (RalS
(TNY Laga s srabilal

ady Soae sl Sl Goae (gl afian
G oo ey QLS el Susad cga elS
B35S g b (Saa i ddaa S e jue slgais
SV OLKaa 5 anl€ 5 ¥--4 o Kea 5 LiSa)
(Y-OV) oKaa 5 JIsboL (YoVE oLKea 5 oay
8L oliytas b o S WS sl
OB 50 Jshee slags lall el ol wd; Soan
© o QLS Jas3 Gal3sl T Jlos 4 5 (Saa
S Ll (Y4 AA) OlSan 5 ablS Lo sk o A

Goob O SSL Glia 5wl SHae o 5SL S

! Plant growth-promoting rhizobacteria

dodo
Jolse i gld 5 Gasiege O (S (Sda S
s<lod ¥ sans o Slae 5 cudS b 03K U gans
OLSas 5 Grua) cwl Gl B S ol o
€ ol o gan Sy OIS S Saa (YA
OLLS elin laaunilSo Hu ba ) guaaie ol yuis
Lol opaS (Yore ohlSen 5 Soun) S o
Ol e 5 b e ooy (ol pulel a0
slaanld (ol O s lgiae s @)y,
S50 ea3 1)l calplie pand 5 il (gt
Sladss ) IR oo e 36l wdy 5 g suls L8
a3 (Y -4 GlKaa 5 (S 5 Ve v Sillasan
sla dia O S cdl sagy o (S She Sas
WSy e o letae pby Slie L ooglats
el b 5 g pens (Ja8 gL il ol8
gly (oo (VoVe G 5 Gag) aols bl
o olhe Gl ahas ) (Saa B8 4 e LB
© Joade aliyl GBS 5o ol w5l ulisa Jal e
(Yoo olKan 5 SS) el cuaal gl )l (Saa
s oS dauly 4 (Brassica napus L) 13K
5 (Glycine max) Ly 5 aas 0255 YL i
al s pie (psiage (Oleifera Elaeis) e, Jas
olua & H,slasS la alinw Ho (Shss o)
© oSl a2 e (Yo g LiSe y o) wl e
s e ol YU o,k slite ams bl
Ay 0 soSadny (RS @lalles B (ol Lo L
Cooal sad saalie ST (18 a3 15K AlE,) o Slae
29 olaine Syl Grigen (Yoo f cilas 5 Lasg)
sad GBS K Al G Ho (SEA IS 4 el
sl ek 5 Yoot oKes 5 alaSl) el
9 S50 SWAS (Sd IS (Vo) plaale
15K ol pdug) daye oo 1) oledin (So5 sl 508
Sl (Yerd Gl 5 5 S ) asd oo



Voo Jlo /¥ 0)led ¥V s /ol g 5 (55)5liS il 4

G ok ¢ ablS oy

08 S gon a5 GLAK Lol i 5o 1S5 .
D18 (Lol asse aos sl (55, slas suStily
ola e g5 5) (AT K5 55088 Al 0338 S
Y-V Lhd 4 snd duwd dals (o0 odS g su
Ohso % Pude s Sl aa K A0 ok sl
L g5 o0 Oy bl L (Y-0Y) K 5 5500
S0l B a8 518 lagiaas st 5a Jaial Gla
Pl © o)y, oia gl 5,8 o
il JUED) o il G sa Jslae Jolid Sig 5010
sl Ve oS LS Sl aas (VoA Gl 5 B say)
cfu 0,8 cumes L) 580§ silin gen 51 Sl
w98 Gau3 plenes O3lae Bl Ha 4 (V-aml-1
Jol€ S8l 5 Gy (YN GlSea 5 Sl sla)
Sk ouoS dlal b (Saa 15 Jleel La 4qalS
5 B9 s g0 213 Jslas 4 (PEG 6000) J SuK
Sa8lS 5 Jitus) @8l dolal g akiy 6590 LAl B
s oaliieal 550 S L1 Ll Llale (YAVY
25 Jsed iy 4 (Saa afids gl gl o S
Tk daculae
Ws = - CRT
ol GBS sl Jlael 15 Gule)T ok pulaal 5
il o a SV 5T LSS 4 JKLl K VY 5 -
0 S Gl aliwss 5l 31 Al 58« PEG 6000
Voot aaa g Job B gl 5 05 ol
D18 (Blooh sose (oings su98 LAl o alS sla
S e s Gsad S5slem o Slae (5,58 o3kl i S
aos Vo gl Loyl Lo Ly X Saa
e sl gine b aladl el VY oue 4 o gaalis
3 el Ghas pulad @b @w s s, ol

s S s (Y0¥ o s

pralslio @ b ye gla G55 5o Slhnds ol
al) Ho el (S @ Jaad Gl cage (5559
OLKaa 5 Hla S wu S oo K uls a5 aslis
3l SlamSl oslud GalS iges (Yo1:)
L oead  al S eSS s Saa
culie b.aa S 3,155 1, Pseudomonas sp. <UL
(Saa 15 b ablie sl Jalse Gn 30 ) Sl 4
Lo ol @lS gl Jaade alis) a5 (ol
Soae sl (5538 5l soliil cule slassly 4 e g
Ol ol s 5wk Sosad Ho GBS Ll il Ho ad,
AL Ll Sl e Baa L Ragl,
s~» ©s» » Enterobacter sp. S16-3
hardion 5 (S50 (55l Slie sad

oS alad) (Saa (i bl 5 15K A6

Lagdiyy 9 9l
Jold Juagsy ol Lo soliial uyse ALS ol g
Hyola420 RGS003 Olga Sarigol Heros .k,
S16- suliiul o, 50 SLEL wlas 5 15K Hyola308
alas) 51wy oS 5 5 Enterobacter s < 3laie 3
Pl 5l el gad; Soae oS35 ¢l osed)
O OB 4 o Sglie 5 eslly (g5Lunli] it
oS Sb o 3lie LKL Akl ety ol
sooslaS aaily SIA pwdige g asle 6y S
SlSear 5 Slagsle) wa S OB 5,8 sl
39 53 K Al (YA GKas 5 abIS 5 YT
ches 59 58 @SL L sads mdl 5 sud wdl olls
5 b sie 05 ) JSaly Ko VY 5 1 (Saa i
otoledl Gl Lo (GRS W8L) aald elies 4 (wad
L bl JolS oSl b by b b osiSle

Lueih s — S Sad

.E_;.:.l_;.:.....ﬁ.?fl'_}.ai..h...—_;.a= Y.

T R T R L PRL S L



.

e ayhila

sl aulgia 5119 kins
e N momosicnocme |

(Emmarmmar

el WY 5160 sl pse sk s sie 58 5580l
(VY ASh) i danulas

Chla = (12.7 A645 + 2.7 A663)
Chl b = (22.9 A645 + 4.68 A663)
Chla+b = (20.2 A645 + 8.02 A663)

O80 cad 1 ol sy o pdug) ad (SaA (A0
LGS (T oLKas 5 US) sasie s
moeald 5 (Sda GBS Gu Glie sl s (Sl
daddn ;) ady g Saa 5 5 05 dea Sl wd; sla
OS e anli 1, Gp ) 5 S phhe gedls
GO9S rala sladiily b llae (Yo oo seal 5 8 5u)
ook GRal38 b aS wals olas (Ye-A) oLlKea
pBol o Ol B ok 4 5 008 Olbee (S S
Oliwe o2 8l G (Sad (55l e (ualS 13K
G e alge 5 ol JED ) 658 ka b (Bas O
5 Sad suls pand (ualS tuels S g8 Gual 5 ol S
o 5 2ba)) ssde olS s Slee culyy Lo
9 Jaade Gl clussmd qwys 59 (V00V
Wl OIS (SEA I @ uae g 95 Gulaa
baiae jo of Gia ual€ 5 olae ol e JEB nalS
058 8 Jsb (ualS Lol Jale JsSGE oLl Ly (glsl
5 ) ool Gl sl QS 05 Lo 4 Gl Saa
Wty Glas (Y-VY) LKaa 5 Smals ol (Y04 olLlKaa
A, Some slag iSL o Al sl g @al o
S0 1o 1aS (i 3 wilgge 1K a3, 0 b el
OBalS (5ol pme sl ol Gl 5 K, Sia )y
Lyl oo il 4 Gline lalS Jaall (uSe aas
55 aa0 il et 4 5 g o glite (o i
W deels @m0 s b ool oyl 50 Ll
Enterobacter sp. ., Sjae 5580 (LS Gha s

S ) ik mlic Cda il ol slols S16-3

b g g (g50liS il cdmgd (ole i
FAFD loxis Vo v Lo/ ¥ o)les T il

Gl s S, K 5 b a Jbs K k.
S S oS L9 dbeo a8 Ghe ca

v

1000 xW
vV

1000 =W
vV

1000 =W

B3 99 S wduy o9 Oalosg Dl (sl (gl
(VAVY) olLlKaa o uiu b, Sarogol s Hyola308
5 ol slawias gl e 8 18 sl o)
soliial EXCEl 5 SPSS (slalysla s 51 Lasla sad aeu sy
-diely i gl ) suliial b la Sk wlis ad

8 S ) e s a2y Jlda) mlacs Ho (SSls (gl

S g gl
Sa58dsm aslas 9 5050

S als gl Gaboly w3l 5 kel mls
ln (Saa (88 Aliae ol 5 8L L il
sSlae p adn, Ko SEA GOy 5 S Ods ole
e oy mhy Jladal mha jo G S5l sn
5058 OealS ke dewlie ulaal s () Jsan) 9
99 o8 50 (So5elam o Slae g S i) Saa
alip) i 5o (58 Gow aald © cos (B8 waw
saalice (Y Jua) wa S wald 5 b sie (105 £ sl
sfhe 5 uless wls Blad o 13K WG« ws
@JL&:}‘C&;&JJGJ‘J@MC}JL&LG—HQQJJJJ*AA
© by 5 008 Olse (RS wals pLES we o
REEKY ‘s;\o/iv ‘}gia‘fAme.ha\:ﬁhsa”gOI 33‘)
HyOla308 23, ;s i5slse o Shee lise ity
e oieud cuo gans bl i Ho (Y Jeaa) wd saalis
ol s pad YU K2l 5 5 005 orab ol @
(Y’\vu“)lS.A.&J{.\J.A_J)JJJu_AJM‘L}él:SL;l‘)J



Voo Jlo /¥ 0)led ¥V s /ol g 5 (55)5liS il 4

G ok ¢ ablS oy

Sid sobe Gil5sl 5o Gk ol 5 (Sas ki, Soae

Ase mO8 » L8E QBIS B sulse Gy S
oS o Sad sube anged 5 (olDddu, (g T 58

(5‘)35"’ L):?‘ RV ‘(Y"'\ Q‘J&AJJ\”L%) ASJ‘JJ\Q.L).}

Gadiy oo A g Sdd i g Enterobacter sp. S16-3 (s sk gadli il Guils g ajai-) Jgua
1345 ) (5535549359 3

ol e 5:Ske
EST
. 61\93'3"’ R - J_)SLA.C &.IAU_)J &JAUJJ o E _)tu:st\tm
Wi, Jsb - L e . . . K F3oos wdl))
o R sy

/o feeenn Y \Y/¥ A A ofee v-a/¢ Y LSS
NRSVA SRV R Y A Sl VY Atk \TAN \JyyEx [AVe**  goAo/A** \ 8L
VAN AL\ S 7V /N Y Y ANl RNV ¥ A A AN R VAT Pk Y ]
Yaa/a** L /yaye*E oavn/yvEE y/ye** VAN [-e3a**  yoy. 0 )
¢fa* ARE L Sl DY RS Y A\ - fov¥* Sfeexe*E qyy/yrE Y g KL
YY/UEE L yq R yoJV YR LJYRE et Yo /e** 0 PBLIERe
ofo** L f..oa**  yy/yRE SR A A S AVEE AN /vEE \- 3%

\/Y RN Tt \V/ Lk o) AEE o) AEE Jeeeo vi/a* e a3t a5 b

\/O IR a E/V '/'Y ~/~\ ./...“’ Y’o/ﬂ V- (T
WA -IVY a/o W/t YYAR Y- /Y /¢ (7)o oads o s

rola gls Gl b Gollas (Y Jyaa) ad Juola sais
G g plas,l 4 wals las (Yo ) ololKan 5 s, 5mb
b oo Al S ek, RS LA slacs 55
Slis 3 (S 1, ol plas,) (2alS (VAVA) sy g edab
9 amd S Gl (SEA 4 canlia b by
S Wby Gl € (g5, (AT b (Ve 1) ol,lKan
,s Pseudomonas flavescens St L slS wals
L Cand Gy gl Gl Bely (a8 Aliae gl
OialS 5o 8L sla s SI ok (IS G sas aall
5 obsl wlg (aals 5o Ll LUl o s ol
5 shel) usd e euls cais OT Qa3
Some slag b b plalS mali (V--6 o)Kan

Al (oo oy Sy g i Jladal) mhas oyl e SRS Gl 45 a4y

45 ga &léSJI
S als gl Gubly el 5 kel b
AL BlEe 3151 e 4 punn sose Jelse alas
Jasre o e S Jlaial maw o gl ) s a5, o
Ol (Sl dnlio ulead 5o (V Jsan) ool 80
O wald ¢ oo (SEA B8 Lol o gl
2els (5,80 il ol 3Ll 1K G LK o i
09 S G S (gosb ks (IS @l ) Jsaas
Joaa) wa S saaliie wad (i Ll yd 50 olS plas )|
il Hyola308 a3, L g 5o glis,l oloee 0as5¥L (Y
oS 5 sal G 4 e Bl YA/0 (:S5ke L sud
el Sarigol 5o ie gl VY olhee 4 gl ol



wyd St i o > Enterobacter sp. S16-3 wis, S e 8L 556

IATA)

el OLalS Lo plas ) Gl 5 GlalS gad 5wy oo

(Y

0 SiK) su S 5o s

09 oLl Al Gses 08 plas (2AK L sl e u,

Enterobacter sp. S16-3 (5 3SL L oud gl g ouckis eadli | 1S ald ) (udd ) Gilis (aSilis dewslio-Y Jgua

e hee
. - e S 000 .. .
i Jsb G gl SEA G55 . SEA G55 IS 5 0os = i
. d ohas ) ) OIS shas A8
(cm) (cm) (8 )65 s i (8)Gss (8)ss
(8) S5

a/A-YC YY/yyyab W/ Wb \-/¥b \/Yeb 1-/-4Yb aala il aue
\-/-1Aac YY/\\b ¢/1ed $/vvd -/evd \W/y-vd L sie

v/avyd ARYARE]S \/aAe V\Ae -Iy-e Y/¥\oe KRV

VY/¥Ya YY/avya WZARE! Vo/¥va \/vaa Al/V-1a aala il
\V/Vyiab Y¢/\YAQ V/¥NC T/vec . JoVe Y\/NEAC L sie
\YV/-v¥be ave/evv Y/\Ae V/Vie /¢ved o/y-te KW

Wil oo ey gy Jladial gelac ol Si%e VAT WS L ¢ g HA Ha S yidie g a1l sla (aSilas

caen (SEA B 4 Jaste slgaS e oo o
5 deie) WX oo LT () L, st Sl ad
B0, SIS (Yero) OlKaa 5 oo (Vo010 o),1Kha
o3 aliy) laddy, Job OIS cad Gl LS
Sose @ud alisl G gola e BIEAS 5 il als
G GlalS ol sualdne i Jusb cis (gl dadlas
Al ol iy S sl iSL L il dauly
el (B @a3 1, 5 053l 5 3 bk sl i)
(VaA0) GhlSen 5 Sl glS (Yer0 (J 5 la) wyls
Ol adiy Soae sla 5L L il oS wials plis
S8 15 aaiS sladaalS adn; Yok ) el il 33
a8 Basb Ol ad, SHae slag SL dias oo il 3l
G oade GpeSl ale wd ;) siSSy a3 slag se 54
PRSI RURENN-H 3 CVENS IRV YR RVPIY IS
s i S O) B S Wb o sHhe e
OolSen 5 susy ) sl olS ad) 5 (T

(-

(RWC') Sy g.._\i v Sl g

2 Relative water content

dudisy J oo
woba 31 S uls plas b suly Gulisly whas
o2 BBan BlEL 3 5 e 4 s ause Jelse
> () Joaa) cul @il Hlo fae ol wdny Jsb
RS byl o ddu, Job oShe dwmlie Lol
Gial33 L s wle 3L el uald b dewlBo L baws sio
995 o (EAK wm 50 Y o058 Gl hee 0 (ES Gk
Jsb Olae Gasidu (¥ Joaa) wasS i, Jsb o s
OSibe b sud 3l HY0l1a308 o3, 4 L gs 5o 4
po ©pa dduy sk Olhae asAS, SRl VY
se il Yo Sl L sads il Sarigol
SEA G55 s Job (palS (Y Jsaa) @il pelaial
uLALﬁjSl BE L | @ﬁ‘_} L;LAJ‘._\.A_) £ LA‘LA.Z::‘)
ool oad s il U1 LSEA GBS lalyd ciad
03 ol mwglin Glhae 5 SS3 4 G Jlals
s olable Bl cudllS) el oslite (SaA (IS5
oS A ady GRS BY¥a 5 (S (YA llKes
ol sy e slasa,gls Jml

5 s sla 85158 ia e JED) cnladiy



Voo Jlo /¥ 0)led ¥V s /ol g 5 (55)5liS il 4

G ok ¢ ablS oF

Gl K O e lgine 3 (B0 cad Gl
Ssxe s oS ol haas 8L il sl e

Olss S0 OF s sl sine (510 puilioly w323
e Hd g_<.3 JLQ:A‘ c’a.a.u L (5\)‘4&3’-0 C_\JL&; «< J‘J
Slsine Oloae wawlie (Y Joua) ol ssas oS

Enterobacter sp. S16-3 (5 ;S0 L oudis adli g ouch eadli (51318 ald ) (gudiy il o glitie freulsY Jgua

: " . SES 005 .
Loy Jsb G plis, K2 Y) K- ENSY) N ISY) ) )
. s2lod o o ) a8l AL
(cm) (cm) (8 )65 s : (8)5s 4das (8)sss
(8) ©s2
\\a Yaa Vi/ava Vo/tAa Y/\ésa CLVALY] Hyola308
A\e \AC \Y/V-b a/\-b \/¢-b TV/AYb Heros
Y/oe \wd §/\-C Y/A-C NARI Ve/¢vd Sarigol .
Al pae
ab Yv/\\b \V/V-bc \W/A-b Vo-o vv/vécd RGS 003
/AYYd WA \Y/o-bc VV/A-b \/a-b b Hyola420
AIAYYbC \V/ocC \Y/V-bc \-b Vb YY/vacd Olga
\la Ya/oa Y1/1ea Vo/¢la \V/A-a AY/¢oa Hyola308
\Y/Ae YY/AYbc \Y/4-bc a/v-b vcd so/n¢C Heros
o/nf \Ad V/N-C 1/¢-b --d yy/avd Sarigol .
Ve/¥\b Ya/Yva \W/s-b V-/¢-b ¢/Ab 04/YAb RGS 003 o
/e Yo/A1b \\/V-bc a/A-b Yc 14/04b Hyola420
Vv/y\d Y-/Avcd Vo/Y-b \V/o-b o/Ab YV/YYC Olga

Al (o6 o yo e Jladal mlacs ja Hla e SIGAT WS Lo ) gien ya yu S piudie S g 5] Hls sla (Sl

Sl e alS a5 oS ab sualie
s 1y I ol slgalail 5o S 0T (o (s gine
L logpa wi) SHae sl @80 u,lS 5 us
Sobo ondly (aE (i 5 (Al o 6laa o s
oSk il € wals glas 55 (Yo 8) gllSes
Jals 5 S5,84a S L Achromobacter piechaudii
ol Gime o€ 5 Sy O s (slgine Llaie
Cage SLA (IS a8 e GilnEl Glals ol o
5 JBlse) usd o Lo S O (ot (sl sine ralS
ol Ay, callad oad, Quals (YooY ollSaa
Jelse 5 oAl wasla 51 3585 5 53 Gloae il
5 SasSiae 5,05) a2l O e (sl gine halS
Ll sl plie w5 8L bl (Y -F 58

‘:):\‘JJ.(\ ﬁ)d}‘dd@d@“)&&h&‘ﬂ)ds‘)f
bgiye S ol o sl sine 5l (st Gule)]
25 o8 eSL Lol 5 B e balyd @
OF Slaie cp i 5 s e 110 olhee < Hyola308
0% 8L L il aue 5 wad 5 phas 4 by 5
() Ka) as wess VU e o Sarigol a3,
Sisby 5 58) adbe G5 4 ulaa 5 aslie
3 S5Ol Qs 5o HlalS ool (YL QU1 Juls
3 $Soaa) el ol el 51 438 S aladl 3583 Gl
%JJFBGL&&L&L&&&A .(\’"' O‘J‘SAA
sﬂ;&)w(v'\o)bb&.hd(s‘).&: L_‘_ujzd



wyd St i o > Enterobacter sp. S16-3 wis, S e 8L 556

AN

AL S ol ol bty 43wl
o9 B a5 G gu bilEte ol 3 @iy (235 @)

o

RS L e o g susal cne 3 ol o1, L)L
Ol 6l 15 sl s oLS JAls s (el Jauaily
la ) (B3 Gaigad g (l32 sualic 5 of Qs
o 18 S O (o sl sine (il 33 T Lo @
GKes 5 Gagol 5 YN blSea 5 Jlls) wS

(YA
Jadg s lale
80 -
a B Hyola 308
g‘ 70 1 p - _
%60 4 m e e d O sSarigol
9 8 ] 8
J 50 - 8 | B o R ElHeros
: n
4 a0 4R 7a = 3 1 BRGS 003
~ 30 1 NTH ‘
g P THIH Ve - B Hyola 420
~ 20 4 N-HE EE S8
10 1 NE HEE - H0lga
Hlzz RElEE -
0 1 | - 1 ]
s |.‘=....)1¢_)_ﬁ | AL i s |
il o2

S 5 it gl

Enterobacter sp. S16-3 (s yisb b oudd eadli g ouckis sl (51318 ald ) S o o cacad (6 gine (uSilas— S
SSLA HIAS aal

oledid ol JolS B 5 sely s (15 Ll (Y-
8o S plaws aaly oo Jaig KK cble (ral<
OEalS €S anppe OB 4 (Vo GlKas 5 Ll
oilp ale 4 wad (Saa (15 A1 5o J8 5K Gl
LSl ool € sl (530S sl als
a3 culgs 5oy (5T 58 At (o35 Eel iyl
LlaaSsnl (Vo) aadld 5 53 5ad) wipud o Jud s IS
oo 4 G5 bulpd o YL Jad g K (glstae
5 Som JSE lsiae G onfle (Siwes
Yl s Slae 5 sidu (KA 4 Jead wySlee
9 oosnb (YooV OLlKaa 5 Gla) wias e plas
SEA GE ) Gar € 00,8 Ll (Y1 +) ollSan
Lo il (2al€ 15K laS s o JibgK 6l sias
S K cpulin a1 4 s o slie a6l slaS
ks plds 1) eoides Jdso Glsiae 5 SSeus

G5 cad B Al o slsiae 5o ol

Heros alsyl 5o b 58 Js o, Glhee (i £ sl
o s ol 3L euls Luyss RGS003 5 Hyola308
L Olga , Hyolad20 Sarigol al,l s Uil
e Gl 1l S5 Gloee OIS sad il
it S it oloee oS wsms b Ljlas (Sl
oial3d) 8L il edl GRS G 5 Gl
(0 Jsaa) ad sels aliyl ool 51, US Jd oS wble
Hyola308 a3, Ly e b 5 a s g, laie oyt
olie a5 5 8L il 5 wad (IS Lyl il 5o
@T'ss‘a:\)l.oulu:.laﬂbﬁ-‘)a(vd\’ JS&) o s o SL
o9 sadladly Jui g, clile (Jass K slgds<lge



Voo Jlo /¥ 0)led ¥V s /ol g 5 (55)5liS il 4

G ok ¢ ablS OA

o0 Slie @l by (Sike wwlie 5 Gulbyls
L sads mil 5 snd @il @K aliyl o aallas
s Hyola308 .3, s Saa 58 cas 8L
oulen 5 Jasle alB,) lgie 4 oS5 4 Sarigol
Oloae 508 e3lil 5 CLATN K o35 (hd (o O

b S aladlad, go cnl 50 oalsse

osbise s oLEL Hlas b il B s (S
OLKas 5 owa) cwl sad GBI (uie sl
aals Glas 50 (Vev e ) Kool o Ky ju s (Y2 V0
slsine GRlsd) oo e p sl 5T b pui€ il o
5 o) Wedioe (shewl GBS oad S Judp K
als @Bl 1 Gldl Gl dads (Y00 8) (lolKea
SESea, olis mnl 5 ad, Some slagsesss

wind elawl 5 s S B ol Lo Laglaa

Ay ol g 9 Jad 9,18 (sl gine p SuBd ks g Enterobacter sp. S16-3 s yisb il (bl il )l g a5 Jgaa

IS
Slase (Sl o
: - : ) e a
s ol S ol bas s K aduds sal)
EYAQEfa** YoVy/A** VALY N Akl Y IS
VAT Y /VF* YAYYY/** V/YYyHE o/ \W¥* \ sSb
AA ARRRVAN of oy EE WAt Y v
Vog . [y¥* yana/vF* Y/AV** q/00** 0 a3,
YevY/v* AN/ ¥ AR AR Y o 8L
o\ AKX 0q./a%* ofoYVEE Yy EX ° a3, Sk
VAA/A VAV o** SfoAEE [ o** \- A3 5% S
YAA/A va4/¢ of ek A \ a8 ot 5 SLs
NatA vev/Y o[- A AR V. TN
To/A s/t /et \7AR ()2 yaa33 s
Qb oo o0 S gy Jladal mlac 5 Sl Gae SR (3 )3 4
4 -
a
3.5 A b - B Hyola 308
e
3 - c § Nd EIRGS 003
e e e ® e e _
2.5 9 5 = 3 | e 3 - O Sarigol
. S h . ] b i - 8 N ] 1
% 2 A B I H F: ] x:% :g 8 & |<|j & E Hyola 420
] 8 %
4 1.5 4 H g 8 8 H o' B S R @ Olga
R\ 1 1H g ] S Kﬁq Eg ) & %
> 8 ?. 8 ) 25 Eg 8 3 = Heros
'IT-'L 0.5 4 =® ﬁ ] » \g_ : Eg ) ] ]
3 0 5‘: b0 - AR ﬂé N | [
£
Lac gie p L Lcgie f | yad aw
=l ade Al

S AT 2l C‘ }

Enterobacter sp. S16-3 (5 ;3SL L oudh il g oudkih eadli (51518 ald jf @ Jud g ,IS cldle (uilaa-Y JSib



wyd St i o > Enterobacter sp. S16-3 wis, S e 8L 556

A
or mee
25 4
d
2 b = B Hyola 308
c - 8
cd ERGS 003
15 4 € ed e [ f =] ef
4 Ehi ¥ h 3 e h g R % B Sarigol
] H i =
] ] LI o [ ] -
v 1 3 32 kHl @ Hyola 420
o o f 2 B I nIn | N
% 8 8 1 ° o 8 Olga
= 4 H & - -
£ 05 8 3% Heros
‘a0 8 8 B ]
E LN 8 b . N .
b dadeh g aals ‘ biugio o3| psad i
SenA S AlA s gl

Enterobacter sp. S16-3 (5 ;35U b oud gl g ok eadli (61518 al8 )l D Jud g 1S Culdle (pu&ilae-W ISk
SSLUA WA iad

bolyd sl @l Bl e wilas S 5008
S8 O ol Lo (Saa Jaad b 5wl (S
(Yoo V OhlKan 5 GUlssie) wols bLS,H alS sla
> el OIS S s b (Ve E) WIS e
sl w583 € usa GBHIR e sla S
Ol S B3 5 s 5 i e GBS p ke
pead 4 ol 5 sl pulea sl G @ cws
22 oS (sla crand b 51 Sidis L S 5o Gl
S 03 el 5 1wl o Lo 4y, o L BN
ollKaa 5 swal) el LE pla 3 5 wad La
Oalsog geaS Oldl (Y1 0) pllSes 5 (soma (Y21
WS GBS, (Saa (B8 el I A1 e
8L la e b DK A £AE L rines
i ool L (Sad i3 eas Pseudomonas spp
Oot bl 4 cuns 8L glag e S San,
03 15 I g sals Gl 1) sl calgn Gloae (i3
OSLS 5 Pl aSee ool (SA IS Jead
L oS balpd oo Gales s d¥a (Yh00)

5T el slassal (A s cudlil 5 b G 50 cusAS

adiay 9 Sy Ol
@3, (s 3SL J3aS ula L Lasals Guibsylg e
do o S Jlaial mlacs o G850 Bl8Ee &l 5 i
(€ Jsia) sl loaine iy 5 Sos Galsog Olee
Slae (B Slome GBI b Sl cealls Gulesl s
Lol 5o ORlo8) Gl oS Ty Gal38l Sos ol
S Gosk L oam o Dl Guyld Ho wad (1S
VYN G55 e wald @ cud S Gl Ol
sandidy cadi | Gl ) 8L bl sl
iy ooy Olose 0Sike dwlie (0 Jgan)
ofal38 b s 58L b midl e alla ju oS ol las
b 5 wle (BL ol i) Galsy Dhie (B8 ok
o8 ek 4 ddus alesy Dl GRIN SL L
G5 Ol G sl b danlie 5o wal (5 Ll
Al gl il 3 (S (0 Jsua) wals JLos
9 ol Galasy el L0l el pand (s el
09 1 oalase b asl€l s Sae 5 GLALS B (ool
OlSan 5 (s)la) WAy o pand (giawl (IS 4wl
OiS el 4 SlAlS o Gl g cdale a8l (Y LY



Voo Jlo /¥ 0)led ¥V s /ol g 5 (55)5liS il 4

G ok ¢ ablS <

2o 6k 9al 55588 el UIS L ws; sla
sl o Calane o3y © LSl Pl plae (sl 33l
G ol GaalS Wl shal adils b 5 sas

(VN OLKea 5 olasd pos) 9 9 (0

el pand W) suls aisd (el Al oga o
03 0590 sy e b i Lol i e LKL
G OOSsORS 5 eoS uda Jrea Case Ll AL

oo 5l L ) aliind 55 ol 3 wpebsa olS

GASL L oudh ralli g ouddis el 1518 al8 ) (1l g 539 Jad 9,1 (51 g (aSilas dnwslio—d Jgua

S i eas Enterobacter sp. S16-3
Sor ol s ol " . i
(umol.g FW) (umol.g FW) (Mg.g~ FW) IS ddsu8 (a5 rolas sxSb

v/vwd \Y/-Ab v/yvvd aals
yvi/yeved \-/AVYD v/o1¢cd bivgio (B 4l aac
v4/vebc Vo/odrb v/YAvd RURVLI A

o/A-Ad Ad/vyvab Y/Visbe aals

¢v/e¢b vi/veab v/-veab b e 13 s
y-o/o\va 1V4/YAAG Y/¥Y-a L S

2l oo oo iy Jlaiad mhac 5ol e BUEAT BB L ) gies 58 59 SHEe Bgoa sl b oSk

o B G o] suly sgags ule g GalE) T Jlss
Ul 53 L Enterobacter s 3L 5 4 gew ol S e
Ly GBS Buob 3 5 e 830y 4 palic G2l
O3 @81 Jaaad 5 a0 88 ey GRul 8 LS plas ) La
sad (SaA 4 owglie Hu olS IS Gl case
O 4 Jas3 Gli] 8L bl opines o
piy o9 oy 4 DK LB WS e, Saa
O o9 pseme Lol sols alndl Hyola308

th, Some oSL Gl saliad  Ghas
5 15K oL j3a. Jeas Enterobacter sp. S16-3
Gl CE alyd 5ol aSlee Gl da® o
«Ban 85550 S age tpl © ke Ly dly Jlos
arl Hlasly 505WES Jsal Gulisl 53 J oo w53
Sligley] canb 4 Jeols @l asead gl 13

4\9416447&4\93@)‘}0.]@5“)@)4&&

1S (518 aaal
i, slaiesl € ol las dalles ool mls
555 el 1K b)) 5o o dose (58l
Ol el s S I8 Saa (8 Aliae gl
e A e walllhe ssge alL) G Ho Slie
oaiS Glaae (S L Hyola308 a3, aiils gl
s pubean 83, o) gias SAMQOl a3, 5 S asnis
Ol b (SEa (5 4S ) pe GBS 4 ad e
JESI 5o 5aads (el Jaslly RalS (3,505 5 5
ORalS G wby GBS 5 ot sla su,,0 8
sl alal Saa 05 (el @lE)) G plaw
595 S ol s gl gine iigan 5 e 5 (2lsa
Ll 5 ol oud 158 al)) S5 5 sa 0 Slae cules
ol ssw oly3l Enterobacter sp. S16-3 <L
gk (Al alie i il Gk S, s
S s ad Soae gla (e s s Ol
s oo aile HE5Le la culplie wl S e 3



wyd St i o > Enterobacter sp. S16-3 wis, S e 8L 556
£

auliily 5 o0 sladly culea ) dliw gbns

B9 S oo (S8 83558 (nl sloal e oS

ouldiiul v,y 90 &L'u

Akhondi M, Safarnejad A and Lahoti M, 2006. Effects of drought stress on proline accumulation and
changes in elements of Yazdi, Nikshahri and Renger alfalfa (Medicago sativa L.). Sciences and
Technology of Agriculture and Natural Resources, 10: 165-174.

Anjum SA, Ashraf U, Zohaib A, Tanveer M, Naeem M, Ali |, Tabassum T and Nazir U, 2017. Growth and
development responses of crop plants under drought stress: a review. Zemdirbyste, 104(3): 267-276.

Arzansh MH, Benny Aghil N, Ghorbanly ML and Shahbazi M, 2012. Effect of plant growth promoting
rhizobacteria on growth parameters and levels of micronutrient on rapeseed cultivars under salinity
stress. Electronic Journal of Soil Management and Sustainable Production, 2(2): 153-163.

Arvin P, Vafa bakhsh J and Mazaheri D, 2018. Study of plant growth promoting rhizobacteria (PGPR) and
drought on physiological traits and ultimate yield of cultivars of oilseed rape (Brassica spp. L.).
Journal of Agroecology, 9(4): 1208-1226.

Asch F, Dingkuhn M, Dorffling K and Miezan K, 2000. Leaf K/Na ratio predicts salinity induced yield loss
in irrigated rice. Euphytica, 113: 109-118.

Ashraf M and Ahmad S, 2000. Influence of sodium chloride on ion accumulation, yield components and
fiber characteristics in drought stress of cotton (Gossypium hirsutum L.). Field Crops Research, 66:
115-127.

Ashraf M and McNeilly T, 2004. Salinity Tolerance in Brassica Oilseeds. Critical Reviews in Plant
Sciences, 23: 157-174.

Atanasova E, 2008. Effect of nitrogen sources on the nitrogenous forms and accumulation of amino acid in
head cabbage. Plant Soil and Environment, 54: 66-71.

Bacilio M, Rodriguez H, Moreno M, Hernandez JP and Bashan. Y. 2004. Mitigation of salt stress in wheat
seedlings by a gfp-tagged Azospirillum lipoferum. Biology and fertility of soils, 40: 188-193.

Bandeh-hagh A, Toorchi M, Mohammadi A, Chaparzadeh N, Salekdeh GH and Kazemnia H, 2008. Growth
and osmotic adjustment of canola genotypes in response to salinity. Journal of Food, Agriculture and
Environment, 6: 201-208.

Barnawal D, Bharti N, Pandey SS, Pandey A, Chanotiya CS and Kalra A, 2017. Plant growth-promoting
rhizobacteria enhance wheat salt and drought stress tolerance by altering endogenous phytohormone
levels and TaCTR1/TaDREB2 expression. Physiologia Plantarum, 161(4): 502-514.

Bates LS, Walderen RD and Taere ID, 1973. Rapid determination of free proline for water stress studies.
Plant and Soil, 39: 205-207.

Bhardwaj D, Ansari MW, Sahoo RK and Tuteja N, 2014. Biofertilizers function as key player in sustainable
agriculture by improving soil fertility, plant tolerance and crop productivity. Microbial Cell Factories,
13: 66.

Bhattacharyya PN and Jha DK, 2012. Plant growth-promoting rhizobacteria (PGPR): emergence in
agriculture. World Journal of Microbiology and Biotechnology, 28: 1327-1350.

Bibi N, Hameed A, Ali H, Igbal N and Alam SS, 2009. Water stress induced variations in protein profiles of
germinating cotyledons from seedlings of chickpeas genotypes. Pakistan Journal of Botany, 41: 731-
736.

Breusegem FV, Vranova E, Dat JF and Inze D, 2001. The role of active oxygen species in plant signal
transduction. Plant Science, 161: 405- 414.



Bybordi A, Tabatabaei SJ and Ahmade A, 2010. Effect of drought on the growth and peroxidase and IAA
oxidase activities in canola. Journal of Food, Agriculture and Environment, 8: 109-112.

Chabaud M, Boisson-dernier A, Zhang J, Taylor CG, Yu O and Barker DG, 2006. Agrobacterium
rhizogenes-mediated root transformation. Pp. 1-8. In: Mathesius U, Journet EP and Sumner LW (eds).
The Medicago Truncatula Handbook. The Samuel Roberts Noble Foundation.

Dien DC, Mochizuki T and Yamakawa T, 2019. Effect of various drought stresses and subsequent recovery
on proline, total soluble sugar and starch metabolisms in Rice (Oryza sativa L.) varieties. Plant
Production Science, 22(4): 530-545.

Dimkpa CO, Merten D, Svato$ A, Biichel G and Kothe E, 2009. Metal-induced oxidative stress impacting
plant growth in contaminated soil is alleviated by microbial siderophores. Soil Biology and
Biochemistry, 41: 154-162.

Egert M and Tevini M, 2002. Influence of drought on some physiological parameters symptomatic for
oxidative stress in leaves of chives (Allium choenoprasum). Environmental and Experimental Botany,
48: 43-49.

Fanaei HR, Galavi M, Kafi M and Bonjar AG, 2009. Amelioration of water stress by potassium fertilizer in
two oilseed species. International Journal of Plant Production, 3: 41-54.

Fischer RA and Wood JT, 1979. Drought resistance in spring wheat cultivars. I1l. Yield associations with
morpho-physiological traits. Australian Journal of Agricultural Research, 30: 1001-1020.

Ghorbanli M and Niakan M, 2005. Study the effect of drought stress on soluble sugars, protein, proline,
phenol compounds and reductase enzyme activity in soybean plants cv. Gorgan 3. Journal of Science
Kharazmi University. 18(56): 537-550.

Glick BR, 2005. Modalation of plant ethylene levels by the bacterial enzyme ACC deaminase. FEMS
Microbiology Letters, 251: 1-7.

Gogorcena Y, lturbeormaetxe I, Escuredo PR and Becana M, 1995. Antioxidant defenses against activated
oxygen in pea nodules subjected to water stress. Plant Physiology, 108: 753-759.

Han HS and Lee KD, 2005. Plant growth promoting rhizobacteria. Effect on antioxidant status,
photosynthesis, mineral uptake and growth of lettuce under soil salinity. Research Journal of
Agriculture and Biological Sciences, 1: 210-215.

Harding VVJ and MacLean RM, 1916. A colorimetric method for the estimation of amino acid alpha nitrogen.
Journal of Biological Chemistry, 24: 503-515.

Hare PD, Cress WA and Staden JV, 2002. Disruptive effects of exogenous proline on chloroplast and
mitochondrial ultrastructure in Arabidopsis leaves. South African Journal of Botany, 68: 393-396.

He P, Osaki M, Takebe M, Shinano T and Wasaki J, 2005. Endogenous hormones and expression of
senescence related genes in different senescent types of maize. Journal of Experimental Botany, 56:
1117-1128.

Heidari F, Bandehagh A, Farajzadeh D, Kazemi Oskuei B and Motie Noparvar P, 2015. Response of spring
canola (Brassica napus L.) cultivars inoculated with P. fluorescens FY 32 to drought stress. Crop
Research, 50: 55-62.

Hieng B, Ugrinovié K, Sustar-Vozlie J and Kidrié M, 2004. Different classes of proteases are involved in the
response to drought of Phaseolus vulgaris L. cultivars differing in sensitivity. Journal of Plant
Physiology, 161: 519-530.

Hoekstra FA and Buitink j, 2001. Mechanisms of plant dessication tolerance. Trends in Plant Science, 8(9):
431-438.

Hu H and Xiong L, 2014. Genetic engineering and breeding of drought-resistant crops. Annual Review of
Plant Biology, 65: 715-741.



wyd St i o > Enterobacter sp. S16-3 wis, S e 8L 556
sy

Hussain HA, Hussain S, Khalig A, Ashraf U, Anjum SA, Men S and Wang L, 2018. Chilling and drought
stresses in crop plants: implications, cross talk, and potential management opportunities. Frontiers in
Plant Science, 9: 393.

Irigoyen JJ, Emerich DW and Séanchez-Diaz M, 1992. Water stress induced changes in concentrations of
proline and total soluble sugars in nodulated alfalfa (Medicago sativa) plants. Physiologia Plantarum,
84: 55-60.

Jaleel CA, Manivannan P, Wahid A, Farooq M, Al Juburi HJ, Somasundaram R and
Panneerselvam R, 2009. Drought stress in plants: a review on morphological characteristics and
pigments composition. International Journal of Agriculture and Biology, 11: 100-105.

Jalili F, Khavazy K and Asadi Rahmani E, 2011. Effects of Fluorescent Pseudomonads with ACC
deaminase activity on growth characteristics of canola (Brassica napus L.) under salinity condition.
Water and Soil Science, 2: 188-175. (In Persian)

Jing YD, He ZL and Yang XE, 2007. Role of soil rhizobacteria in phytoremediation of heavy metal
contaminated soils. Journal of Zheijang University Science, B. 8(3): 192-207.

Kafi M, Nezami A, Hosaini H and Masomi A, 2005. Physiological effects of drought stress by polyethylene
glycol on germination of lentil (Lens culinaris Medik.) genotypes. Iranian Journal of Field Crops
Research, 3: 69-80. (In Persian)

Kalefetoglu Macar T, Turan O and Ekmekci Y, 2009. Effect of water deficit induced by PEG and NaCl on
chickpea (Cicer arientinum L.) cultivar and lines at early seedling stage. Gazi University Journal of
Science, 22(1): 5-14.

Kapulnik Y, Okon Y and Henis Y, 1985. Changes in root morphology of wheat caused by Azospirillum
inoculation. Canadian Journal of Microbiology, 31: 881-887.

Kasim WA, Osman ME, Omar MN, EI-Daim I1AA, Bejai S and Meijer J, 2013. Control of drought stress in
wheat using plant-growth-promoting bacteria. Journal of Plant Growth Regulation, 32: 122-130.

Kaya C, Higgs D and Kirank H, 2001. The effects of hight salinity (NaCl) and supplementary phosphorus
and potassium on physiology and nutrintion development of spinach. Bulgarian Journal of Plant
Physiology, 27: 47-59.

Kazemi Oskuei B, Bandehagh A, Sarikhani MR and Komatsu S, 2018. Protein profiles underlying the effect
of plant growth-promoting rhizobacteria on canola under osmotic stress. Journal of Plant Growth
Regulation, 37: 560-574.

Khan A, Arshad M and Zahir ZA, 2007. Growth and yield response of wheat cultivars to inoculation with
auxin producing plant growth promoting rhizobacteria. Pakistan Journal of Botany, 35: 483-49.

Khan N, Bano A, Rahman MA, Guo J, Kang Z and Babar MA, 2019. Comparative physiological and
metabolic analysis reveals a complex mechanism involved in drought tolerance in chickpea (Cicer
arietinum L.) induced by PGPR and PGRs. Scientific Reports, 9(1): 2097.

Kochert G, 1978. Carbohydrate determination by the phenol sulfuric acid method. Pp. 96-97. In: Helebust JA
and Craig JS (eds). Handbook of Physiological Methods. Cambridge University Press.

Kohler J, Caravaca F, and Roldan A, 2010. An AM fungus and a PGPR intensify the adverse effects of
salinity on the stability of rhizosphere soil aggregates of Lactuca sativa. Soil Biology and
Biochemistry, 42: 429-434.

Kron AR, Souzan GM and Ribeiro RV, 2008. Water deficiency at different development stage of Glycine
max improves drought tolerance. Brookhaven Symposium in Biology, 67: 43-49.

Mafakheri A, Siosemardeh A, Bahramnejad B, Struik PC and Sohrabi E, 2010. Effect of drought stress on
yield, proline and chlorophyll contents in three chickpea cultivars. Australian Journal of Crop Science,
4(8): 580-585.



Mackinney G, 1941. Absorption of light by chlorophyll solutions. Journal of Biological Chemistry, 140:
315-22.

Malekshahi F, Dehghani H and Alizadeh B, 2009. A study of drought tolerance indices in Canola (Brassica
napus L.) genotypes. Journal of Science and Technology of Agriculture and Natural Resources, 13:
77-90.

Manivannan P, Jaleel CA, Sankar B, Kishurekumar A, Somasundaram R, Lakshmanan GM and
Panneerselvam R, 2007. Growth, biochemical modifications and proline metabolism in Helianthus
annuus L. as induced by drought stress. Colloids and Surfaces B: Biointerfaces, 59: 141-149.

Mayak S, Tirosh T and Glick B, 2004. Plant growth-promoting bacteria confer resistance in tomato plants to
salt stress. Plant Physiology, 42: 565-572.

Mensah JK, Obadoni BO, Eruotor PG and Onome-Irieguna F, 2006. Simulated flooding and drought effects
on germination, growth and yield parameters of sesame (Sesamum indicum L.). African Journal of
Biology, 5: 1249-1253.

Michel BE and Kaufmann MR, 1973. The osmotic potential of polyethylene glycol 6000. Plant Physiology,
51: 914-916.

Molnar |, Gaspar L, Stehi L, Dulai E, Sarvari I, Galiba G and Molnarlong M, 2002. The effects of drought
stress on the photosynthetic processes of wheat and Aegilops Binucialis genotypes originating from
various habitates. Acta Biologica Szegediensis, 46(3): 115-116.

Montafiez A, Abreu C, Gill PR, Hardarson G, Siracdi M, 2009. Biological nitrogen fixation in maize (Zea
mays L.) by 15N isotope-dilution and identification of associated culturable diazotrophs. Biology and
Fertility of Soils, 45: 253-263.

Munns R, 1993. Physiological processes limiting plant growth in saline soil: some dogmas and hypotheses.
Plant, Cell and Environment, 16: 15-24.

Parvin S, Javadi T and Ghaderi N, 2015. Proline, protein, RWC and MSI contents affected by Paclobutrazol
and water deficit treatments in strawberry cv. Paros. Cercetari Agronomice in Moldova, 48(1): 107-
114.

Pang XM, Zhang ZY, Wen XP, Ban Y and Moriguchi T, 2007. Polyamines, all-purpose players in response
to environmental stresses in plants. Plant Stress. 1(2): 173-188.

Penrose DM and Glick BR, 2003. Methods for isolating and characterizing ACC deaminase-containing plant
growth-promoting rhizobacteria. Physiologia Plantarum, 118(1): 10-15.

Ramanjulu S and Sudhakar C, 1997. Drought tolerance is partly related to amino acid accumulation and
ammonia assimilation: A comparative study in two mulberry genotypes differing in drought
sensitivity. Journal of Plant Physiology, 150(3): 345-350.

Rejeb KB, Abdelly C and Savouré A, 2014. How reactive oxygen species and proline face stress together.
Plant Physiology and Biochemistry, 80: 278-284.

Rezaei M and Nahvi M, 2007. Effect of different irrigation management methods on water use efficiency
and rice yield. Agriculture Science, 1: 15-25.

Rodri’guez-Di’az M, Bele'n RG, Clementina PC, Maria Victoria M and Jesu’s G, 2008. A review on the
taxonomy and possible screening traits of plant growth promoting rhizobacteria. In: Igbal A, John P
and Shamsul H (eds). Plant-bacteria interactions. Strategies and techniques to promote plant growth.
WILEY-VCH Verlag GmbH and Co. KGaA, Weinheim.

Rosa M, Prado C, Podazza G, Interdonato R, Gonzélez JA, Hilal M and Prado FE, 2009. Soluble sugars--
metabolism, sensing and abiotic stress: a complex network in the life of plants. Plant signaling and
behavior, 4(5): 388-393.

Safarnejad A, 2004. Characterization of somaclones of alfalfa (Medicago sativa L.) for drought tolerance.
Journal of Agriculture Science and Technology, 6: 121-127.


https://www.sciencedirect.com/science/article/pii/S0176161797801319?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0176161797801319?via%3Dihub#!
https://www.sciencedirect.com/science/journal/01761617
https://www.sciencedirect.com/science/journal/01761617/150/3

wyd St i o > Enterobacter sp. S16-3 wis, S e 8L 556
50

Sandhya VD, Ali SZ, Grover M, Reddy G and Venkateswarlu B, 2009. Alleviation of drought stress effects
in sunflower seedlings by the exopolysaccharides producing Pseudomonas putida strain GAP-Pgs.
Biology and Fertility of Soils. 46: 17-26.

Sandhya VD, Ali SZ, Grover M, Reddy G and Venkateswarlu B, 2010. Effect of plant growth
promoting Pseudomonas spp. on compatible solutes, antioxidant status and plant growth of maize
under drought stress. Plant Growth Regulation. 62: 21-30.

Sangtarash MH, Qaderi MM, Chinnappa CC and Reid DM, 2009. Differential sensitivity of canola (Brassica
napus) seedlings to ultraviolet-B radiation, water stress and abscisic acid. Environmental and
Experimental Botany. 66(2): 212-219.

Sarikhani MR, Ebrahimi M, Oustan S, Aliasgharzad N and Madani O, 2016. Isolation of potassium releasing
bacteria from soil and assessment of its ability in potassium nutrition of tomato. Proceedings of 2™
international conference on integrated environmental management for sustainable development.
Sousse, Tunisia. Pp. 235-251.

Schutz M and Fangmeir E, 2001. Growth and yield responses of spring wheat (Triticum aestivum L. cv.
Minaret) to elevated CO, and water limitation. Environmental Pollution, 114: 187-194.

Shirani-rad AH and Abbasian A, 2011. Evaluation of drought tolerance in rapeseed genotypes under non
stress and drought stress conditions. Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 39: 164-171.

Shoresh M and Harman GE, 2008. The molecular basis of shoot responses of maize seedlings to
Trichoderma harzianum T22 inoculation of the root: a proteomic approach. Plant Physiology. 147:
2147-2163.

Siddique MRB, Hamid A and Islam MS, 2000. Drought stress effects on water relations of wheat. Botanical
Bulletin of Academia Sinica, 41: 35-39.

Soliman AS, Shanan NT, Massoud ON and Swelim DM, 2011. Improving salinity tolerance of Acacia
saligna (Labill.) Plant by Arbuscular mycorrhizal fungi and Rhizobium inoculation. African Journal of
Biotechnology, 11: 1259-1266.

Swedrzynska D and Sawicka A, 2000. Effect of inoculation with Azospirillum brasilense on development
and yielding of maize (Zea mays ssp. saccharata L.) under different cultivation conditions. Polish
Journal of Environmental Studies, 9(6): 505-509.

Tarumingkeng RC and Coto Z, 2003. Effects of drought stress on growth and yield of soybean. Kisman,
Science Philosopy. Pp. 702. Term paper, Graduate School, Borgor Agricultural University.

Valverde A, Burgos A, Fiscella T, Rivas R, Velazquez E, Rodrguez-Barrueco C, Cervantes E, Chamber M
and Igual JM, 2006. Differential effects of coinoculations with Pseudomonas Jessenii PS06 and
Mesorhizobium cicer C-2/2 strains on the growth and seed yield of chickpea under greenhouse and
field conditions. Plant and Soil, 278: 43-50.

Vardharajula S, Zulfikar Ali S, Grover M, Reddy G and Bandi, 2011. Drought-tolerant plant growth
promoting Bacillus spp.: effect on growth, osmolytes, and antioxidant status of maize under drought
stress. Journal of Plant Interactions, 6(1): 1-14.

Williamson CL and Slocum RD, 1992. Molecular cloning and evidence for osmoregulation of the D1-
pyrroline-5-carboxylate reductase (proC) gene in pea (Pisum satium L.). Plant Physiology, 100: 1464-
1470.

Yuncai H and Schmidhalter U, 2005. Drought and salinity: A comparison of the effects of drought and
salinity. Journal of Plant Nutrition and Soil Science. 168, 541-549.

Zabihi HR, Savaghebi GH, Khavazi K and Ganjali A, 2009. Effect of application of Pseudomonas
Fluorescents on yield and yield components of wheat under different soil salinity levels. Agricultural
Sciences and Technology, 23(1): 199-208. (In Persian)



Zahir ZA, Arshad M and Frankenberger W, 2004. Plant growth promoting rhizobacteria: application and
perspectives in agriculture. Advances in Agronomy, 81: 97-168.



