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1- Plant Growth Promoting Rhizobacteria
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Table 1. Mean square of experimental treatments on morphological traits leaf and petiol in green bean

(Petiol) & s (Leaf) Sy
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039 . . 0j9 . . R Oz 2l
Jsb .. F o Sluss T .. FORST Slusd sl
Dry Fresh Dry Fresh o
Length weight weight Number Area weight weight Number df Source of variation
355.20%* 0.010%* 0.13™ 7.56* 880.81%** 1.13%** 21.10%* 17.18™ 1 Cultivar (C) Pep
116.70™ 0.003™ 0.05™ 1.56™ 758.33%* 0.04" 9.62%* 3.13™ 1 Bactria (B) $5SL
1370.82%%  0.023%%  1.79%* 17.79%% 7005.91%%  0.86**  55.40%*  119.50%* 3 Salinity (S) So9
25.47™ 0.001™ 0.013™ 3.56™ 548.10%* 0.36* 7.23% 0.80™ 1 CxB SrSLix o8,
5287  0.008** 0.30™ 177 lo75.8g%% 025 7.92%* 9.20™ 3 CxS S35 X o)
. . . . x5S
99.78™ 0.029%** 0.38* 3.18™ 254.07* 0.021™ 4.92%* 8.71™ 3 B xS )
Sog=
* d)
162.96%* 0.009%* 0.34* 4.12%* 980.34* 0.32%* 17.64** 62.27%* 3 CxBxS§S x Sk
S
40.1 0.001 0.12 13 69.1 0.03 0.7 7.3 4y Experimental o
error iales
14.70 22.23 27.93 22.80 6.60 18.53 15.00 18.96 - CV (%) ) e
(1) Ol s

ns, *, **: No significant, significant at 5 and 1% levels of probability

1- Soil Plant Analysis Development

T

oy B mhw o b poe e NS oy ) 50 Jlasd @a.a)a)\os;.umjﬁ



IWAY 090 Ao V3 ,lod Dol /oot b g SR 9 3 @ 3 /.. jlod iy ;i 11, 1S0 9 (539

aS ol oole s diloolw oLS jo wl) Sy slas 5SL
Sl ygmam ;0 aSe SS9 ()9 9 S gl Ol
o) el L a8 coil ilsdl e il soe Lo 4y Cons
o9 (Khorramdel et al., 2008) cools cillas ol
Wy oo So5edem sogS b Hdu (0,8 anac] I jo oS o,
o las 55, LapacslS g S ! 315 51 b
9 95k (e S g oS Sdalie 5 Sugls
i B3 o IS Spete el Sl 1 oo 2
ol a5 adloo ST g S g el o590
obid Oldlas S0 (ggw 3l aS oo S o0 |, olde lge g
oS sl )l il s ey 0l b g2 a5 ol
54 Sygo yie SB ol plis polie Gax W gl o
Sy (i (Zahir et al., 2004) wb o Sgupo oS 0,
Gt 5l oS il slns 5L Ly e B sy i
ge SlAiy ) plare dang g Ay ) O3 gl Gl
039 3 S gl Sgnr Sale )3 el (nl 45 oud w) alél

Sl ails Jlooa 1) Siz g 5

Clizo j= 0 9 o) J=lie ;51 (1SSl dmun Lo
oo Lgd oS S 0 9 5 0 S 5ol 590
zeils a5 0l oaslive ¢Sl Al Jlogel 4 axgi b
A Ced Syl 5 S35 5 0 Rl carge (655
s () JS8) o (o 03, )3 (aald) il pae Lo
S o8y 59y Ggb Slio 0 5L el 45 ol LS
bgye oS 08, 5 Sif @ ol Gl Ylatal oS 055 135751
3508 (eSS Slaialasl g i (o) p 4 5L oS ol
3 il pae A o 8 Ll 0 0 Sl e
S g Gl cp i 456 5-bay gy 5 5VL e
AL il 5 (Hoe e 50 (2o o Sl VYFIAY)
i S0, VY e dll pae e 4y Cons 45T 0l cdnlie
o wiled Sp 5 ()59 Subo 5O Sl S Wy eisred Oy
6L il g (Ao 08 jlad 4S5 5boas gy 5y xlans
Al ol platslogsan |, Sh 5 Gjs Olie 23V
Blas 5 6,50 dls 9 (oo 03, Jloxd j0 S S23 (35
9 9t o3, 50 RalS 9,0 YT sgaa b el ol liee
505 gy 5 disly ol y0 s ssmline (5 5SL el pas

B Inoculation

140 5 : i o
a = 2 Non-inoculation = :
135 g - : g 12 b
a = i = bc
£ 130 B 6 BriE i E
g - w08 -
g 125 z by 3 | 3
= = 4 = 06
5 120 ® 3 5
e ; i ] &
T il =
5 k. ,::‘ 02 -
110 o a8 04
i = e Landr. Hybnd
Landrace Hybrid - - Hybrid andrace vhbn

o Lgd oyt g (owo B 50 S SUiS 9 5 039 9 S ¢ e Sl p 6L ili ST -V S
Fig. 1. Effect of bacteria inoculation on leaf area, fresh and dry weights of leaf in landrace and hybrid
cultivars of green bean
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Table 2. Mean comparison of interaction effect between cultivar and salinity on morphological traits of
leaf and petiol in green bean

Sy oo S yod S 39 Sy S 439 Sy ol Treatment Hlows
Leaf area Petiol dry weigh Leaf dry weight Leaf fresh weight 3™ PJ)
(cm’) (g.plant™) Salinity (dS.m™) Cultivar
127.20° 0.24° 1.56" 7.71° 0
145.91* 0.18° 1.15° 6.96" 2.5 EESS
cd a b d
132.53 0.25 1.12b 5.79 5 Landrace
113.03° 0.13¢ 0.99% 427° 7.5
141.49® 0.18° 1.16° 5.82¢ 0
137.12% 0.21%* 0.94" 6.80" 2.5 Kepoors
133.82‘;"‘ 0.18° 0.86; 6.00°: 5 Hybrid
76.55 0.13° 0.57 1.52 7.5
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Means followed by similar letters in each column are not significantly different at 5% of probability levels
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Table 3. Mean comparison of interaction effect between bactria and salinity on morphological traits of leaf and petiol
in green bean

Sy o S y0d S 39 S 00 5 39 Sy ¥ a9 Treatment slowd
Leaf area Petiol dry weigh Leaf fresh weight Leaf fresh weight S ©rSL
(em?) (g.plant™) Salinity (dS.m™) Bactria
141.57° 0.27° 1.58% 6.97° 0
140.49° 0.16% 1.26™ 8.02° 2.5 o
138.03° 0.20% 1.29% 5.714 5 el
d a Inoculation
97.50° 0.15% 0.98 3.28° 75
141.70° 0.22° 1.60® 6.56™ 0 Al
= poe
129.15 0.23" 1.65" 5.74% 25 N e i
127.12° 0.15% 1.23 6.07% 5 on-noculation
92.08° 0.11° 0.64° 2.51° 7.5
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Means followed by similar letters in each column are not significantly different at 5% of probability levels
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Table 4. Mean square of experimental treatments on physiological traits in green bean

SPAD sae syl atbhJdeds b ba)ls  aJse)ls ol ez oS e

SPAD value  Carotenoid  Chl a+b Chl b Chl a df Source of variation
152.52™ 1.51%** 19.06** 12.19%* 0.55%** 1 Cultivar (C) 3,
156.25™ 3.07** 0.52™ 0.89™ 0.61%* 1 Bactria (B) 1
26801.82** 1.10%** 61.18%* 28.49%** 14.01%** 3 Salinity (S) S5
449 .44%* 0.00009* 4.49%** 25.74%* 0.18* 1 CxB GrShix o3,
61.30™ 0.0023* 10.72%* 4.28%* 0.48** 3 CxS S5 X b,
457.28** 0.0041™ 1.81* 2.95%* 1.11%** 3 BxS Sy X § Sk
721.88%* 0.0033™ 6.75%* 8.20%* 0.36%* 3 CxBxS a9 x Sk x o,
54.01 0.0031 0.52 0.64 0.03 48 Experimental error ialesl gl
13.12 4.69 10.85 12.30 CV (%) (1) Sl ypeis a po

ns, *, **: No significant, significant at 5 and 1% levels of probability ww,0 8 whaw ;0 o e jué NS woys V 30 Jloin! mlaw ;o o gme ™ g

ool a0 and saeliie (6,55 e ili pae g 0y e
sladasMo JoB Sl 0 3459,5 e Ll 5l o les
9 e Hlowd o chale i 4 S (5 ebdy (il cdalin
gl pace g o Lo po Cale (a8 g (6L il
J9915 (s sl )3 (6L s Zulls 9929 (655
il ol jo Lol ogs [JAS 31 e o8, 0 (SPAD) &5,
poe Lo dy S GRal38l o, 0 VP Loy see 08, 50 (555
s bl 5 ols Las 1) SPAD sae i (g yiiion el
ool i Laosls) cusls ss2g (1=0.67") (5,lo sxe Sl
b S mals as ol lias ladors gull die) o) o (ais
9 J_Jﬁ)lf chle u,..u‘)Jl g0 ‘ulo)f..l_.s—l OL.S B
Sy 5 ol 6751y 4 S Gl oo @8ly 5o b ey
Sl oals J13 oLE [Lasl o dige Ojgoa |y ot olde
Ol Jsl g ools Sal38l ) o 1) il e aoeils j0 a5
(Marius et al., slei co ot oL ;0 1) (6 5imngid olgw o

.2005)

®

St ol 6 Ly 5 by Jtliio 5 el i
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PTGl el (oo g vy 03, 90 1 50 6L
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9 S v 5, et 5o e 5o 055,500 I (e
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5 ol 8, 5 b b I5 B s, i S 1B s ol
Slile oS g (il e )3 0,579,500 VIFR) (6251 il
3 59,500 BI00) 658k il pae 5 %y 05 jled )0
Tl pas g (ome o) Jlod (rizres Lol samline (S e
285 )18 el s S 50 (6L el 5 e e L
Tl o Homo g 9 pd 05, 9 ;8 )3 aS ols lis @l
Clile gaiops Yo 5 V8 o gas Liglidl Eeel 6,55
1L 51 655 e il 5 e 03, a5 ab b Ly IS
pas 9 e Jled b aS 09y yl0 95 5 ath dg)ls clal
=5 0% 5 Cale (eS8 F )1y B 0g )5 Sy 0 il

o Logd oS Su3elgn b sloyolyly 32 658 g 08y ilie 1 (eSko dunnslilo -0 Jgur
Table 5. Mean comparison of interaction effect between cultivar and bactria on physiological traits of green bean

SPAD suc Awgad 9,8 a+b Jdg ks b Judg s a Judg,ls Treatment slows
SPAD number Carotenoid Chl a+b Chl b Chla st I~
(}lg.ml'1 ) Bactria Cultivar
55.73 L57° 7.39° 7.69° L1g? Inoculation bl e
53.56 1.26° 7.04* 6.18° 1.27° Non-inoculation @zl sac  Landrace
61.95° 1.13° 4.47° 6.58" L19* Inoculation iy &yt
53.52° 0.82¢ 5.76° 5.55° 0.89° Non-inoculation gl pas Hybrid

Gl oS b as e iy mha (o (gl pe BB Jls pixe glay JBlas ygesl Gulal 5 gt o 30 S i B S Blas sl sla o Kikee
Means followed by similar letters in each column are not significantly different at 5% of probability levels
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Gz (5,845 o (Weisany ef al., 2011) Lguw olS g0
cisls o eon (Talebzade ef al., 2009) ¢, 4 s
lab ot 5,5 G5 Ll 5o Jid S olie sials
3 man Grizmen Sl oad (3155 Ml 0 35T 2
g0 ol gl SO sl i 0l ) 0uisS e olge
i (Sultan, 2005) wisis o w5l ol cdlad S o0
iemeS] JLsd slpasisT glsime alsal 5 56 seilans]
] SIS LSl s A Ll o 0925
(Desingh 555 oo Juds IS clale als el g wiluy o
5 J=de ks Jlade e lals (o 0929 ol et al., 2007)
S 19976 (K 8z wiile (598 4 el (LS
2l (5555 Jramia Sl 3 Ll oo 52l5 Ll 5
L .(Kafi et al., 2009) sl oo (21530 Lds IS laie Jo,5
S5y a5 =¥ U 5l sogame slags liF Sl ol
U RO JRESP U R ] I Eot
Ui o S o Caidlig IS slaws o li8l ases ol
Pl & Gl (ol 85l s liee o progdle ity
L a4 ool g aliis (gl jne 5 Slas a2 (5550
Loty w5l ol 5 095 65 BB Sl slapn 3]

Jamil et al., 2007) wws o olid (5,50 4 Dgliio

Lo ohl s §r9—b 9 By Jmliie ST (Sl dunn o
oo Lol obS S0 39l 58
I L Y J592) eSiles anglie Jgar 4 azgi b
Sy g e 03 90 0 500 Jdo)lS Clale (598 ol
208 Jdy 5 clale o i a5 6 0bar <y (o W,
A oaslive (o p ey jowd o) wall mlaw o o) 5o
VIB )5 9 (e o8, j0 @S85, cbale fla >
9 e o8, Jle L aS ad ovaline jie p edenjowd
9 N o) o Geimed g 5o eledjowd TR S)9S
IR sl s S 50 e ekenjoms VIO 5 &y (69
VIO 6y9-b 5 Showe 03 13 b JudglS clald o iy 288
P b J3s)lS e eS el 9z fe g ten s s
45 0D odaline fie p eierjowd VIB (6598 9 % ped o8
S e 09,5 S 50 6598 gl (rmed 50 (owe 03, Lo b
S Tohw oled o i ath Jdg 5 e 085 18
Ol Oty S (6 5-bas b lis 1) (gl goe OS]
e 05) 5 e 1 e VIO (5590 e o ath
S0 gl (e )3 Nyt 08 4 Caed 45 0 vl
9 52 10 Cdo (ol Gl eSS 0e i do s YE g0
e ey s VIO (6598 Sl 50 (e 9 % yd o8
OeSilae dslie dy azgs Ly aleis IS clale Lol sanline
O pae a4 o (6)5h alie Falaw (o aools
Oty 4SS ysba (L8l el (e Geienj o H22)
o g 50 il e 5 055,50 VIFY (liesy o] il
Oeized Cel 00 odalive (e (03, 9y (e o
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Table 6. Mean comparison of interaction effect between cultivar and salinity on physiological traits of green bean

Agiigyls a+b Judgls b Jdg,l5 a Judg ks Treatment slew
Carotenoid Chl a+b Chl b Chl a S PR
(ug.ml™) Salinity (dS.m™) Cultivar

1.67° 8.55° 7.50° 2.51° 0
1.40° 10.18* 9.10° 1.38° 2.5 R
1.27% 5.48° 5.89% 0.56% 5 Landrace
1.12¢ 463" 5.25¢ 0.45¢ 7.5
1.36° 6.58¢ 6.22¢ 2.46° 0
1.05° 7.44° 7.10 0.68° 2.5 Ny
0.93" 6.47° 6.33% 0.51% 5 Hybrid
0.74¢ 3.98" 459" 0.50% 7.5

B K0S b as o iy e )8 (5l gime BBl pixe Doglis Jilas O5o5) bl gt p2 50 S ie B SO JBlas gl slay.Sile
Means followed by similar letters in each column are not significantly different at 5% of probability levels



IWAY 090 Ao V3 ,lod Dol /oot b g SR 9 3 @ 3 /.. jlod iy ;i 11, 1S0 9 (539

5 Jlael 5| o Lol bl 3la5 (5 55T, el 5 (anlt) e
4S5 s ad saalin ()] Glie ;0 (g pSadn Ol 5,5d
Ot oS gedli pace Jlasd g e eien s owd VIO (6590
Sga | G dhee 58 £,579,5e VATY) bl cnl (e
Ol S Tas a8 caS el oo gl 4y ax g5 Lol plazs]
ils 3525 (7L il Hled ) aslllas 950 slaalaSS,
S 9ol oS )0 L8 IS Ll s pgas o die (nl 5o
@l p 2 S e Slas iSL il Sl 5)98 i
iy S e s Sl gl 45 0 0sls Lt 5 0 el
(Han s sals Lo & o o IS e 213l el
sy g ddei an b e alg o el () & Lee, 2005)
SLeis—s)se (S n L g oS ah) a4 o8 DleS 5
Ader S o Ologzgen,y awgy a5 ably ol ) caisS pdass
A o5, oS gleardyn slacllad 5 5ei 5 ad) 5 00
el Calises elapesilSe 33,k 5l g STy ol apd oo 3
Ay )b 3l eizen g Sl els il a g
Coglio olom] cely by poz o ST Joo Loy g0 9090,

(Barea et al., 2005) wisis o LS ;o S
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Ol i 090 b Jdg IS o len 350> Liath
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Table 7. Mean comparison of interaction effect between cultivar and salinity on physiological traits of green bean

SPAD sus a+b Judgls b Jusg,ls a Judg,ls Treatment o
SPAD number Chl a+b Chl b Chla SIg &L
(ug.mlI™) Salinity (dS.m™) Bactria

105.23* 7.05° 6.60% 2.96" 0

72.36° 9.11° 8.55° 0.94° 2.5 il

20.33¢ 5.96¢ 5.86% 0.59¢ 5 T

Inoculation
20.58¢ 4.19° 5.45¢ 0.59¢ 7.5
b b be b

96.56 8.08 7.12 2.01 0 il pae

89.55° 8.52% 7.66° 1.11° 2.5 Non-inoculation

23.63¢ 6.00" 6.35 0.46% 5

19.27° 4.42° 439" 0.36° 7.5

Q5,105,080 b duo 0 O a0 (5l sime BN o ime iglis o 03] el s g 2 0 S e B S Sl (gl s slanSile
Means followed by similar letters in each column are not significantly different at 5% of probability levels
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Fig. 2. Effect of different salt stress levels on green bean yield of landrace and hybrid cultivars of green bean
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Fig. 3. Effect of different salt stress levels on pod yield in inoculation and non-inoculation bactria treatments
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Abstract
Nowadays, protection of environment and safe agricultural production are an
important aims of the sustainable agriculture. Also, in attention to abundance of saline soil
and water resources in the country, the present research was designed to evaluate PGPR
inoculation effect on some morphological and physiological traits of two green bean plant
cultivars under salinity stress conditions. A greenhouse experiment was designed on
factorial arrangement based on completely randomized design with four replications at
Sari Agricultural Sciences and Natural Resources University in 2012. The treatments
consist of salinity (sodium chloride) in four levels (0, 2.5, 5 and 7.5 dS.m™), two cultivars
(landrace and Hybrid) and pretreatment of PGPR at two levels (non-inoculation and
inoculation with Azospirillium brazilence and Azotobacter chroococcum). The results
showed that interaction effect of cultivar and bacteria were significant on all physiological
parameters, fresh and dry weights and leaf area. Bacteria inoculation increased leaf area
with 11 % ratio than non-inoculation treatments. Also, interaction effect of cultivar and
salinity were significant in all physiological parameters, shoot fresh weight, leaf fresh and
dry weight, leaf area, petiol dry weight and yield except SPAD value. The rnax1mum
amount of pod yield with 3.6 gr per plant was observed in hybrid cultivar and 2.5 dS.m™
salt stress treatment. Interaction effect of bacteria and salinity were significant in all
biochemical traits, leaf fresh weight, leaf area, petiol fresh and dry weights and y1e1d
Bacteria inoculation influenced pod yield in all levels. The results exhibited 2.5 dS.m’
salt stress level and bacteria inoculation treatment with 34% obtained higher amount of
pod yield ratio than non-inoculation treatment. In conclusion, results of this research
represent the benefit role of PGPR on amelioration of biochemical, morphological
parameters and plant growth improvement under mid salt stress conditions
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