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Abstract

In this research, morphological and biochemical traits of 10 isolates of Pseudomonas fluorescens bacteria, salt tolerance
and the effect of bacteria on germination and seedling growth indicators of sesame cultivars under salt stress were
conducted. All isolates were Gram-negative and had positive motility and fluorescent properties. Among the bacteria, P2,
P3 and Py isolates were more capable of solubilizing inorganic phosphorus. The ability to produce siderophore was higher
in some isolates and the isolates Pi, P2, P3, Ps, and P10 showed the highest in vitro salt-tolerance. A factorial experiment
including two sesame cultivars, 4 salinity levels and inoculation with 3 isolates was done in the form of a completely
randomized design in three replications. Based on the results, the effect of bacteria, salinity, variety and their interaction
on the percentage and rate of germination, germination indices, allometric coefficient and seedling length and weight index
were significant. Under salt stress, the germination and growth of seedlings significantly decreased but, the pretreatment
of sesame seeds with salt-tolerant isolates increased the characteristics related to germination and growth indices of sesame
cultivars. The highest effect on all parameters including germination rate belonged to Po. Therefore, P9 isolate can be used
to increase the tolerance of sesame to salinity stress.
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According to Duncan's test, mean square with same letters in each column are not significantly different at (p<0.05).

s il e la o ilKa G b Sl O LS
)bPGPR ‘_;L&‘_;j:;la g_).\:- M—wf &Lh(;.:j_ytﬁ
A_ijélﬁjyéjf&aTu:)f&t@Téh_iﬁ)h:m

Sl S LS e ST Sl sl e s

@é)&u&aTcdﬂéﬁ&aTOb\}}&Jl}r}

Oljee &S G 03ls Ol Ol . Cow | Cd L6 8
23 0 b las S Sl eslimal LI STl 53 5 g0 oaT
G s si oo ol T 55 il ol Hls STl



\\C‘V)Lg.!/\ a)w/\vu\la-/ﬁ)\xl);\{é‘)jujr)lﬁqfx

Bl sl g5 pomin

54 6 sl aen ey pl mls wlwl

35 0B g Sl de il 5o 55 STl
Gol3 sime sl &S 5y OLES il sl 4 e 1 ol
03 g e SOl e do ) JL;:ACJ:_,U;
b Sle amglie mlis bl 1305 35 Loyl
ST 5 B eyl aen (¥ Jader) oSSls 0 90 3T
@bl 3l 1) 06 s 5l 0 S e 00 s 3
JAY L /88 5l S tmgs el s ST S g
A5 e i g ke e 3 055 S
A5 ldie op 2eS sP2 alde 4 by e (+/4Y) ST
Olis Oladses 3 o Py sl & b gy o (+/59) Q:_»SI
sl STl el C‘i’f:&:“s‘ Ogo 38 S Sl osls
Ol goe il 3 e ol Loyl -5 ~Swl LPGPR
sl Jo1s 4 ST (643585 (2131 sk (6 5o
e 9 Sl oyl i (5 oyl g Hlis rals
et S (0 & i Jsbw I 1Bl et 5
LS, 35 5l S n slen 5 o B 1y i Cullad
330 gn B a5 S s L bl 68 sl
syier LS )l 5 23S s oo s
OSes 5 ls by & (glardlas 5 .(Zhao, 2010)
PGPR (slacs Sl b et plnil (Das et al., 2019)
St ) g 1 Gl ST oS A
6345 56 ST 5050 M5 N S Slag i

Azils anllls opl 3 i p 41> G581

S L Shalas Sigh i 4 Josui o llgi
03 bl (6508 4 Jood Olje b Rag5 53
3 by 4 s Gk ) ot Gl e lale
EB e bds s SO sy b ke anglie
Calizs G ble faos a5l baaslior ¢ il 15 4 2
s lalis ms Loy Solize dbj Ol 5 S
T 53 Y e ke P s B Yor (g5 0 glackile
@L:s Sl 3 g g s gme (D] Us ) Jlaz|

e 855 4 Jaz<ia (Pseudomonas fluorescens) sla ;Sb L35G

s

>4 40 &ATO:; NS 5 b 516 s 3B PGPR
Sl 3 ol LS a i, sl s 1, OT &S s
Ol @S eSS Jalse o g s
GBS b g bdas &85 S o)Ll ba) 5y
b g e iy 5 g3 5
Vb (oS5 Jer 5 ol (IS0 055 (813 Lay b gy
Sal&in w45 (Abbas ef al., 2019) wwn 4T
Ll g o s op e e 5 Jamee 4 DLS 5
S tagh s led b 1 OWLE 5L s e AT
(Tahmasbi et al., 2014) O, Ken 5 wlogh Low g
(S | 0l rl;u‘\ o 38 wligegd s wld= YA (65,
Sel s doohe Mg B Sleds Ol 5 glaglur
DIl o3 Yo X/8Y b olE by IS Ol ol 3l
Pl $SCast 035 Sl Bl edos )3 WAL aT Coder Ol
AL adyy St Oy il Pl s Lo 3 FY L yln
DP9 736 A 45 i el e 4y o

.@‘eu;sahﬁfd‘jg;\?J{G"}&TQ};V&‘})A

B li G339 rdibe Mgl oxiw

Loyl ol o7 313 0L Sl tag 5l ol gl
Pa Pz Pr glawliar . L)ls 1y O s il W5 U5
2l s Ol g LUl P sPo Py Ps
g ity P7 5P P2 Gl e Joli oy 0o
iS5 (slagg ST dils T gte d 3 Oy il
Olad s 3l (J R8T S S 15 bidas O 5yl
S oslss o A4 508 OF g il |5 s
S gl 5 Lo 5 &S g3 53 el AUE S ey Jolge
A el (Rijavec and Lapanje, 2016) ol,K e o
4 O5akadils s lS U 5 Gl STl il D )
oS Wiy o el oals OLE G534l b s Ol
imen ol I CE e e )
L5 or (Shre aals 5 B 5 05 9 ) deadilw Sl oslinl
Ll i s Slis (5Lasl3T 5 Sdma sl g0 sl Esls
55 il L g AT



VR Sl /) ol VY o / Ol Sy (655058 5 psle 4,25

YL lachle js e S sl oS VL chle
aldor ol Caglie Lg) ok Jlasl (6553 Hled 53 oS
Foocble ol @il S (g0 T 4
o slis 5IP10 5Py P3 glaw I ()5 LY 5o L
Loy balis pLw S Jb js sy Hls, e, Y
Fro gl ble js sl 0L Jo5 5 a4 Caglas
s S glis JIP3 5Py el VL 5 5V e s
Loy baler sl s Iy Loy o, sV
S SL sy gesls Olas Jop cud Iuad Caplae
3ms b odaw 5 s e J3ld- 4 aslllae 55
oz ol Y dea Voo Chle o Pr gl (ol
ol Caglie ey o B4 g Canlosls Olas ws 2158
53 Sl VU ()i 5l Clale ol 5o 4l
P9 SLAE H Ky Ve dofrr UF glacble

el @Bl Al (658 55 4 0T Coeslie aoesd

O 5 adaly 5554

Jles! 31 odeT s (gloosls Kok awslin 31 ol
OLEs andllas 35 50 Slaaldr dd ) Lo 53 (5558 55
3 Sosh 4 Joow Bl 1 pw) 5558 slaalda &S sls
Bl u.?jbl.:ﬁ:jgl.‘.; Sas Calizes lacbale js a3,
Vsl Vo GO Clale 55 () SKE) Lishs Ol 5
L Gos—i & Jos 2 SYLPs 5P glaa e (g 52
TS S Ip Prgs Wi EERRA-S Y FIPTAN TNt .1
Coaglas g plo 5 )50 4 Jood 4253 0 Sl
Chle 55 Lsls 0L LByl s alie Ly B 6558 4
o ba s o JeslaaPs s Prglag oo DY ga ks Yo
@ Dslie op S omli Po e 8 J 5o iy 6 52
Voo CBle 55 aSPy sl sl OLE 5 = 5l 6y
S os & Soslae am s p S oml uss S ge e
sl Hlas 3 ¢S chile 1530 b ey osls Olii 3
23028l Gl 55 (6) 55 4 OT Caglas Ly codd

4 6L (SIple gl Clo w15 2500 0 dm

2.5
=1
=2
2 p
p3
o 15 P4
3
@) @5
o
1 —o—pb
0.5 —.—pS
=@==9
0 —=@=p10
L 25 50 100 200 400 600 700 1000 2000
G50 o) (655
Salinity (mM)

.ﬁwﬁﬁ&di&ndhwjadjﬁq‘)@Jébdj\dl&n‘ghn\iu? duslae ) Ji_;,
Azils (6 g 3 Shas GV ga ko Ve o) 68K 5L o lale js udy 5 (6558 4 Jusw Lot 5IP10 5 Ps P3 Py Py clawlu

Figure 1- Screening salinity-tolerant of isolates to different concentrations of sodium chloride salt.
The isolates Py, P, P3, Pg and P19 showed more tolerant and growth in higher salt concentrations (up to 700 mM).
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Table 3- Analysis of variance (mean square) of salinity and bacterial pretreatment effects on
sesame seed germination indices
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Figure 2- (a) The interaction effect of inoculation with bacteria-salinity on the germination rate, (b) the
interaction effect of inoculation with bacteria-salinity on the percentage of germination, (c) the interaction

effect of salinity-variety on the percentage of germination and d) Interaction effect of inoculation with
bacteria and variety on germination percentage
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Figure 3- (a) The interaction effect of bacteria-salinity on the vigor index II and
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Table 4- The interaction effect of variety-salinity, variety-bacteria and salinity-bacteria on seedling length,
seedling dry weight, seedling fresh weight, radicle length and shoot length factors.

) Y il Jsb s Jsb 5053 elE S oS 03 wlS Uk
. . Shoot Radicle Seedling fresh Seedling dry Seedling length
Variable 1 Variable 2 length (cm) length (cm) weight (g) weight (g) (cm)
) s
Variety Salinity
0 1.388% 2.769¢ 3.369¢ 1.378¢ 5.434¢
(Darab) s 50 1.371¢ 2.551¢ 3.361°¢ 1.361°¢ 5.462¢
j 100 1.254¢ 2.223°f 2.898¢ 1.248¢ 4.682¢
200 1.1844 2.109f 2.6234 1.170° 4.349°¢
0 1.606* 3.165* 4.902° 1.679* 6.738*
©ltan) o, 50 1.591° 3.076* 4.943° 1.656° 6.626*
100 1.512% 2.813° 4.745° 1.531%® 5.806°
200 1.344° 2.325% 4.369° 1.424° 5.273¢
o "
Variety Bacteria
dals
1.139¢ 2.087f 2.396° 1.152¢ 4.718°
Control
(Darab) 1> Py 1313¢ 2.583¢ 3305 1.338% 5275
P, 1.437°¢ 2.383¢ 3.257° 1.284¢ 4.725¢
Ps 1.308¢ 2.700% 3.193° 1.383« 5.208¢
dald
1.312¢ 2.372% 2.603¢ 1.187° 4.718¢
Control
Oltan) ol Py 1.610° 3.175° 5.518° 1.966' 7.008°
P, 1.513° 2.825° 5.464* 1.668° 6.508°
P 1.619* 3.008* 5.373* 1.470° 6.208°

I s re Oyl Loy JLQ}\CL.«)A Oiil_s 0051 bl e S e o9 > ‘sl,lasg_u&ﬁ;goyﬁ,:
The mean values with similar superscript letters in a column are not significantly different (p<0.05).

Continue of Table 4 F Jgde aalsl
e Y rdl dsb iy, dsb wlS 5055 oalS s 055 el Uk
. . Shoot Radicle Seedling fresh Seedling dry Seedling length
Variable 1 Variable 2 length (cm) length (cm) weight (g) weight (g) (cm)
Sosh ey
Salinity Bacteria
dals
0 1.4728%¢ 2.987* 3.356° 1.532%® 6.293*
Control
0 Py 1.313¢ 2.950%¢ 4.493® 1.653* 6.317*
0 P, 1.572° 2,883 4.453® 1.520® 5.86720d
0 Ps 1.308 3.050* 3.193° 1.408 5.86720d
50 B 1.312 2.637%4 2.603° 1.472° 6.093%
Control
50 Py 1.610 2.983® 5.518* 1.665° 6.833%®
50 P, 1.513 2.733%4 5.464* 1.482° 5.233bd
50 Ps 1.472% 2.900% 4.348® 1.415° 6.017%
100 B 1.149¢ 2.107¢ 3.301¢ 0.992¢ 3.843f
Control
100 Py 1.465¢ 2.817% 4.358%® 1.647° 6.033%
100 P, 1.453¢ 2.567¢ 4.335%® 1.490° 5.483%
100 Ps 1.465¢ 2.783ud 4.292@ 1.428° 5.617%%
dals
200 0.839f 1.187° 4.081°¢ 0.682°¢ 2.643¢
Control
200 Py 1.465¢ 2.767% 4.365® 1.642° 5.983%¢
200 P, 1.313¢ 2.233° 4.285%® 1.412° 5.283b¢
200 Ps 1.438¢ 2.683 4.253° 1.453° 5.333%

.J)\&)\;@»ijM);@Jwa-lckw)>wg5ﬁh;}jj>6bb«§&h&:§5l:»()}:ﬁ,np
The mean values with similar superscript letters in a column are not significantly different (p<0.05).
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