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Table 1- Analysis of variance of photosynthetic main pigments under cadmium chloride stress and growth-promoting

bacteria in two bread wheat cultivars

a Jndg 5 b Judg,ls
Chlorophyll a Chlorophyll b
o i g OF 240 d8h b Stt;"g“e 24h 48h  72h Stt;g‘e
Genotype(G) gy 1 0.1297 0.758* 1.751*  0.010" 0.0001" 0.332* 0.021* 0.004"
Bacteria(B) SAS6L 2 0.003 0.070" 0.072*  0.011™  0.073 0212 0.023* (081"
Cadmium(C) pgools 3 1.33%  4.73= 1.842* 0.652**  0.465*  1.96* 0.125** 0.294+
GxB GrSUXewigy 2 0.103™ 0.246™ 0.190°  0.048™  0.008™  0.03% 0.031** (015"
GxC pe0dlSX Cuigiy 3 0.030™ 0.125™ 0.172" 0.020™  0.009™  0.105" 0.003"  0.021"
BxC pgmodlsx 5L 6 0.20% (.121% 0.225** 0.078™  0.019™ 0.047™ 0.004™ 0.021"
GXBXCﬁwéb'xgs;-’»‘fleX%'sij 6 0.022" 0.086™ 0.032™ 0.032" 0.005™  0.027™ 0.003" 0.017"
Error ks 48 0.051 0.142 0.042 0.066 0.019 0.088  0.003 0.029
CV (%) Oyl o o - 11.3 1416 9.01 11.12 15.7 20.40 7.56 15.79
Table 1. Continued aoldl Y Jgus
J5 b s
Chlorophyll total

SOV Olysis oo df 24h 48h 72h Stt;";

Genotype(G) gy 1 0.086™ 1.125% 1.38= 0.002 ™

Bacteria(B) ssL 2 0.012s 0.066"™ 0.088* 0.0117"s

Cadmium(C) pemdls 3 1.75% 6.59% 1.879=  0.927=

GxB CrASbxewig; 2 0.092m 0.193 0.210% 0.0377"s

GxC peeodlX aigis 3 0.027™  0.045™  0.124™  0.029™

BxC PomodlSX g xSU 6 0.188™ 0.152m 0.195* 0.076™

GxBxC pomodlSX 5 piSbXuigij 6 0.014™  0.078™  0.028™  0.038"

Error Ls 48 0.038 0.191 0.036 0.062

CV (%) Ol ki g b - 8.9 14.37 7.82 9.74

Qo0 ) 50 mhaw jo o cixe lo pxe 0 (oS s g % @S

ns, * and ** Significant at 5% and 1% probability level
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Table 2. Comparison of the average amount of photosynthetic pigments under the influence of cadmium stress,

cultivar and growth-promoting bacteria

ol a Judg,ls b Judg s
Phas -1 -1
Treatments Chlorophyll a (mgg™) Chlorophyll b(mgg™)
24h 48h 72h  Stem Stage 24h  48h 72h  Stem Stage
Control wali 423° 749° 561°  543% 073 2.61° 0.76* 135
Bé)t*"f Azotobacter  yisbeiil 4.09° 7.22° 5500 556 0.85° 2.25% 0.70°  1.17%
YT peudomonas olisogosw 4.17° 7.51° 499 538 0.87° 2.03° 0.66°  1.14°
iy Karim w5 398 7.88° 471° 540° 083 2.55¢ 0.73° 1.25°
Genotype Gonbad aiS 434° 694° 6.02° 551°  0.81* 2.04° 068> 1.19°
- 0 547° 10.61° 6.68° 655  1.17° 3.52° 0.89°  1.53°
Py 75 449> 827° 6.09° 577° 0.88 2.61° 073  1.36°
Cadmium 150 3.76° 6.33° 5.08°  4.96°  0.72° 1.81° 0.63°  1.11°
(uM) 300 2954 4429 361°  454°  049° 124° 0.56°  0.89°
Table 2. Continued aolol .Y Jgus
,led Total iddifl -1
Treatments otal chlorophyll(mgg™)
24h 48h 72h Stem Stage
Control sl 4.96% 10.102 6.37* 6.78%
B“‘t‘s Y dzotobacter  sLeiil 4940 9470 6200 6.73
YT pseudomonas olgogosw 503 955 556> 6.520
iy  Karim S 481°  1043°  544° 6.65¢
Genotype Gonbad oS 5.15%  898b  6.70° 6.71 %
P 0 6.64° 1414 757 3.08"
Pgeod 75 537 10.88"  6.82 7.12°
Cadmium 150 4.46° 8.14¢ 5.72¢ 6.07¢
(1M) 300 3449 5660 4179 5.43¢

2l oo oy O a0 Sils (ges] Jawgs s e B eaias ) LiS (ygiw o 40 Diglite g
The presence of different letters in each column indicates a significant difference by the

Duncan test at the 5% level
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Table 3. Comparison of mean bacterial X genotype interactions on major pigments over 72 hours

ORpS a Judg i b Jedy ks J5 Judg ls
Genotype Bacteria 31 Chlorophyll a Chlorophyllb  Total chlorophyll
mgg!
o5 Control waldl 4.64° 0.74 5.38°
Karim  Azotobacter Fbyijl 469 0.70 2 5390
Pseudomonas  wliso935w 477% 0.74 ® 5.52°
Control aall 6.56% 0.77° 7.342
: Azotobacter peg gl 6.30 2 0.692 699 @
Gonbad .
Pseudomonas  ylsogo9w 5.19° 0.56"° 5.76°

Al e a0 )0 B a4 SGIs yge3] dawgs o ire Bl saimolis gt B )0 Cglite By,
The presence of different letters in each column indicates a significant difference by the Duncan test at the 5% level

(el YY) S Judg s g (sl VY g VF) A Judg kS 31 ponodlix 6,55k 351 (5filho dunns Ul .F Jguur
Table 4. Comparison of the mean effect of the bacteriumx Cadmium on chlorophyll a (24 and 72

h) and total chlorophyll (72 h)

aee peadls  (24h) adsys (T2 aJdayls  (T2h)JS Jbs,ls
Bacteria Cadmium Chlorophyll a Chlorophyll a Total chlorophyll
uM peg’!
0 5.67% 7.092 8.042
sl 75 5532 7.192 7.98 2
Control 150 3.58¢ 5.47¢¢ 6.184F
300 2.154 2.66" 3.251
0 5.662 6.74% 7.69%¢
SiSlgi) 75 378°¢ 5.920 6.64c¢
Azotobacter 150 3.63°¢ 5.114f 5.69¢¢
300 3.28¢ 4.24f¢ 4.77¢
0 5.09 2 6.19 ¢ 6.97bd
olisogosw 75 4150 5.15¢f 5.84<
Pseudomonas 150 4.00°¢ 4.66%¢ 5.28fh
300 342°¢ 3.928 4.48"

il oo oy B hans j0 Sl 903l Lawgs o e Bl ssias ) Lis (gt ,» 40 Siglite g,
The presence of different letters in each column indicates a significant difference by the Duncan test at

the 5% level
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Table 5. Analysis of variance of auxiliary pigments under cadmium chloride stress and plant growth-promoting

bacteria in two bread wheat cultivars

Ay @i a Carotenoids  budgd,)ls Flavonoids Lu.jeigls
S.0.V 24h 48h 72h Stte'“ 24h 48h 72h Stem
age Stage
P51 0.021™  0.118™  0.0004™  0.009™  0.028"™ 0.636™ 0.644%=  1.00%
Genotype (G)
AU 5 0036 0006 0.004™ 0008 2422+ 2538 0.630°  0322%
Bacteria (B)
peeodlS 3 () 123e 0273 0.077%*  0.070% 3.224% 4377+ 2.174% 1439+
Cadmium (C)
. wIEIX 6t 2 (046 0176 0.013* 00027 1.435% 0392m  1.209%  1.596%
X
GxC poeadl X gl 3001 0040 00017 00027  0.034™ 0081 0062%  0.114°
- Pl X 53k 60 hun 0009 0.0005™  0.001™  0.024™ 0.113%  0.062% 0018 ™
prodlX s S eaigl 60 o 0010 0003 0.005™  0.031™  0.146™  0.042%  0.022™
GxBxC
L> 48 0006 0028 0003 0004 0089 0298 0048  0.058
Error
S s 14y 1773 722 7.97 975 1630 572 6.71
CV (%)

ns, * and ** Significant at 5% and 1% probability levels

50 Jgux) slo lis (o)l sre duo o iy e o cels
S esS 0y 5o a5 jlade (S 5 (i (7
2 eSke 1¥) Sheisls (05 0 p S e < /7F) wals
3 badeigls Jlade o iis (Y Jgoz) ael Caws 4 (p5
ke (2 S 5 (o 5 055 Kee VAITA) 5 ol
5o Ll el s 4y (0,5 59,5 UFY) el 0sS

Aoy ) g 0 mhaw )0 o Jre lo Sre 0 oS 4 s g % 1S

L g posilyS 9l KaS (5lo0}S,

SPAD ) Ky joww
O30 53 Sk o ) Jlie JSlols plas V' Jguar gls
TY ol jo badgsld weln YT loj jo laases I
g b o g oy S mhaw jo 20 aBle al> e 5 VY
FA o ogilsS o Slos g el VY o laa5eis IS 0,90 0
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cxge JUgegSee Tov cdile )0 poresls oS5 sy o
Gho,0 TV 5 0S8, 10 badsigls gaw,o V& als
O JS8) 0l oS 08 o

2 5 sogilsS o Slas p UL S oS astine o cele
L oS 09 uligegogm 9 2SLgwsl sl ooliitul 4y by o o) 9
awlie (A Jgoz) aila )b gme S K08,
3, Slos 8l L g pgodlS s aS ol Lis i b Sils
08y 5 Faaad a8 03, 50 S8l (pl a5 09d oe (oegilsS
S5 08, 50 9 VF 00,5 08, 50 Sl S ok 350 0 S
O JSK5) 09 oo Y-

4 las Sl jpam )3 jlade o s (sogtlsS 0 Slas 340
3,90 40 peadlS jo 6 xSL Jlie JI(Y Jguz) Qe Cowsd
arls 5 cel VY 5 FA lagle) 4o cagilsS o,Slos
ke Jles! jlam celw VY o YT slagyle) 5o (Ko e
3 S (2L g s e w0y Sl s
25U Cos ao,s 0 mhe e e Jles! 5w CeluFA
2 o8 Hite S 6 Jpaz) SO 5 ppmadls 3 (555,
o9lgS &S hes (2oals al> po 50 laaSgiglls  pgredls
S o cell VY jo (S ali g celw A o
(F Joaz) ol Sl gme vy
lo GLas 55 655 ) 08, Jlite Jl (S0l anslis
YE 5 (o5 5 oS lee +PV) asss S i il
2 ol ad ol sShesl b il 5 S o8, 5l el
w5 03y 5o seld jled Cell VY (o) j0 a5 0g JI>
355 41y (o5 25 skee 7)) oIS e il
sl I sine B Lubigagdges Lo b 5 ols _plazs]
Olee Al &5 wb asde (pizes (A Jgu2)
w5 08y 5 sl 4 bg e el VT (o o laadgiglls
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Table 6. Analysis of variance of quantum yield and SPAD under cadmium chloride stress and growth-promoting

bacteria in two bread wheat cultivars.

Quantum yield 09515 & ,Sloc

SPAD 0 juw oo

S.0.V df  24h 48h Stt:g‘e 24h 48h 72h gtt;‘g“e
w¥5 1 029m 0021 00009  0.014* o015 0071 0012 0032
Genotype (G)
6L 5 0.050%  0.043%  0.038"  0.008** 0.571** 0.348** 0.348* 0.623**
Bacteria (B)
pewdl 5 0106 0.127**  0.170**  0.112**  1.159** 0.187** 0.482** 0.509**
Cadmium (C)
GxB St SRl 0.00077  0.007*  0.0004™ 0.001"  0.100° 0.055™ 0.019™ 0.024 ™
“ ea 3 N "
GxC oS X s 0.0038™  0.005%  0.0009™ 0.0006™ 0.043" 0.076" 0.098*  (.006™
pomodls X (6 S 0.006" 0.009** 0.008* 0.002 1 0.135* 0.103** 0.136%* (.028 ™
BxC
poedliX g S LX sl 0.002™  0.003™  0.001™  0.001" 0.054™ 0.049 0.074* (033"
GxBxC
L 48 0.003 0001 00008  0.001 0.028  0.030  0.031  0.041
Error
Sy g 52 6.62 4.83 3.73 4.74 754 745 852 1114
CV (%)
Aoy ) 50 mhaw jo jlo Jixe lo pixe 0 u oS5 4 i g # 518

ns, * and ** Significant at 5% and 1% probability levels,
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Table 7. Comparison of mean main effects of cultivar, bacterium and cadmium on auxiliary pigments, quantum yield
and SPAD.

Carotenoids (mgg!) uiss,ls Flavonoids (ugg!) ulsgls

12slesd 24h  48h  72h StemStage 24h  48h  72h Stem
Treatments 8 Stage
ol 0.56* 098 0.62¢  0.72° 7.70° 9.30°  13.65 12.47°
Control

el Syl 0.46° 093 063  0.66° 1090° 1321 1527° 1354

Bacteria Azotobacter
HUgogdgm 0.48° 0.95* 0.58° 0.67° 10.71* 12.63* 15.79° 13.722

Pseudomonas
iy Karim oS 0482 104 0612 0.70° 9.60° 12.51* 15.632 14.07°
Genotype Gonbad asS 0.52°  0.87°  0.61F  0.66° 9.94% 10.92% 14.18%  1242°
0 039  0.73° 0.50¢  0.65° 13.15 16.03* 17.75 15.86°
popedls 75 0.65¢ 1264 0.73*  0.79° 1031° 1235 16.15b 13.79°
Cadll{l/;“m 150 052> 1.03® 0.65°  0.73° 8.76° 10.62° 13.99° 12.32¢
(uM) 300 0.43<  0.80° 0.56°  0.56° 6.86¢ 7.85¢ 11.724 11.02¢

Table 7. Continued aolsl Y Jou
(soglsS 2 Kos SPAD
s Quantum yield
= 24h  48h 72n Stem 24h  48h 72n  Stem
Treatments Stage Stage
Control asls  0.67° 0.62° 0.58°  0.55° 4.46 5.00° 3.89°  2.79b
B‘-"t‘s l’ Azotobacter SSLeisl  0.75° 0.73% 0.68%  0.58%  5.38 6.01° 4.60° 3.79°
acteria

Pseudomonas  wlgogogw  0.82° 0.73* 0.68*  0.60° 5.57* 5.70° 4.65* 3.76°
wiy;  Karim moS 078 0.72° 0.65° 0.60° 525 5.68° 4.37° 3.38°
Genotype  Gonbad s 0.71° 0.66° 0.64* 0.55° 5.02* 5.46° 439* 3.51°
0 0.90* 0.86* 0.79*  0.70° 6.22* 5.92* 5.19°  4.06°
pgmodls 75 0.78" 0.74° 0.72°>  0.64° 5.55 5.79* 453> 3.71®
Ca(‘:t'l'\‘/g‘m 150 0.71° 0.63¢ 0.63° 0.53°  5.09® 5.61* 4.15> 3.34°
300 0.599 0.54¢ 0.449  0.434 3.68° 4.96° 3.65° 2/.67°

o98lgS 0 yhos g (SaS o35S 2 L 53 o8y ke T (puSilo dmglio A Jgor

Table 8.Comparison of the mean interaction of cultivar in bacteria on auxiliary pigments and quantum yield

o o PRVRENT PRVERATE solsS 2yl
Treatments Carotenoids (mgg™) Flavonoids(pgg™) Ql;}?::lt(;lm
St g O 24h 72h  StemStage 24h  72h 48h
Genotype Bacteria
ol 0.61% 0.64% 9.24¢ 16.28* 15.30°% 0.624
Control
w5 Sl 0400 058 9566 15.05¢ 13.61° 0.79*
Karim Azotobacter
lgegdse g 430 0.59>  999¢ 1555 13.30° 0.76 2
Pseudomonas
el 0.51b¢ 0.59b¢ 6.174  11.03> 9.64¢ 0.62¢
Control
s Sl g5 067r 12240 1549 1347 0.67
Gonbad Azotobacter
lissgdsw g 530 0.57¢ 11.43% 16.02* 14.15% 0.70
Pseudomonas

Al e a0, 0 haw 43 (Sl (yge3] Lasgi o ime B eaimdyLis gt o 30 Sglite g,
The presence of different letters in each column indicates a significant difference by the Duncan test at the 5% level
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Fig. 1. Comparison of the mean interaction of the number in the medium on flavonoids (a) and quantum yield (b)

Cle 4y wilgi oo s dndllas ol o laaSeigld LS 5 e

O ezl (Jod DleS 5 ple 4 LS Sl
.(Matsouka et al., 2011) ol

o Ofurs g oy jg 0 Kloc ddlw KL 59
o Slac il Siz 59 59, p s GLA A R
) Sleo cnl 59, 5 pgeslS Sl ails olawd g als 54
w8 e Jhad b pme ao 0 S (o (als olaws
(ho)s o gl o) aBlo Sa2 (335 95 2 6L 0
Slge audy 10 g Lo g (duoyd iy v (o) als olaws
(A Jguz) i odslive (gl Jae

o3, Syl S wShe anslas I Jol> slaosls
PEJRL WIE WSS PR o] FPRRLIW INVEL SR S PRIV UL S
O,flas 5 Skeo 5 0,5 VIVE 0uS o8, 5 0,5 VYA )5
SS9 Ay )5 (s VABIO )5 o) &g ST il
ol alow ails 39 5 Klee gy Wiy j0 )5 e VO
ke VYA 08 08, 15 5 08 (hea THIVY (005 3
390 FIOY 0iS 03, 9 FIAD 13,5 o3, ails dlows (1ls 5
195 Slas plos aiion SLgil jpa> 50 (Ve J5o2)
@bl Sz 39 9590 50 (Y Jouz) wo S camlice
039 3o w25 1) S9) 2 lsesdgm i Sl
O Cod 6 2SU jea> 10 0,5 o3, dlo dlawy 5 ol
Ulozsl ol ol VY gz ols yLas g it Lialdl sl
a3 slam il it b5 Jds & Uless! 5 5 il s
s,y (etal., 2017 Javadzarrin) ol ce o3, ol (05

o lanl 2 s 4 U] laases IS e zals
S a3k Sl sla b kS ploodgid e Slisy s
Sl Tl 5 aallocss, el sl (S om0 Slsa
Rasouli) osylce pald 1, epss, opl e
ol b pgedlS sy co,lai 4y (Sadaghiani, 2016
S Jole Oy I g 55 5 ROS oo
Chen et ) Ju.sso Jm& lJbJ}iJﬁAj;Lo )..:.Lw 9 ‘dej‘..);i})
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2 e LIy el Jloyss Ul S o ) (eS0T il
S Sl 1) yiiegs slaoySs, ol el
.(Hussain et al., 2015)
Rasam, et al.,) Lg; oLS o ladss IS ulsél
o5,)55 5 (Lotfollahi, et al., 2015) <ol 4 (2014
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Table 9. Differential analysis of dry weight, yield, grain weig
and the effect of stimulating bacteria in two cultivars of whe:

ht and number of grains under stress of cadmium chloride
at bread

a8l s ()9 5,Sdas &ld 439 &l slaxy
df Dry shoot . Grain Number of

S.0.V Ol i @l weight Yeild weight grains
Genotype (G) g 1 0.001™ 51.59™ 11.84™ 0.0861 ™
Bacteria (B) sxst 2 0.099™ 16.24™ 0.516 0.148 ™
Cadmium (C) pgmosls’ 3 0.124™ 33.45" 1.094™ 0.454"
GxB g Xyl 2 0.089™ 2.64" 0.408 ™ 0.396"
GxC peodlSXisiy 3 0.004™ 3.82m 0.191m 0.087"¢
BxC pemodlX g s 6 0.008" 0.827" 0.064" 0.016™
GxBxC PaodlSX o uSUX il 6 0.002" 0.684" 0.082" 0.004 ™
Error L 48 0.009 2.16 0.116 0.110
CV (%) Olpdi o o - 8.49 11.35 6.74 12.97

ns, * and ** Significant at 5% and 1% probability levels

Qo) 50 v jo ls cire lo cixe 0 oS 5 4y s g % g TS

Qild Slai g Aild (39 o ySlos (SS9 Wlho )0 au0dls g i g} (5 S (ol Ol F1 (1Sl dg lin N+ oo
Table 10. Comparison of average dry weight, yield, grain weight and number of grains under stress of cadmium chloride
and the effect of stimulating bacteria in two cultivars of bread wheat

&l o (439 FHAIRES)
& losd Blw Sl 053 0 ySdos Grain weight one Number of
Treatments Dry shoot weight Yeild hundred grains grains
g mg per plant mg
Control
wald 1.19° 148.7° 24.46° 6.28°
SASL Azotobacter
Bacteria Sl 1.442 189.6° 26.96* 6.992
olgogdgu
Pseudomonas 1.21° 179.9° 26.752 6.79%
i g5 Karim S 1.292 195.5° 30.222 6.85%
Genotype Gonbad WLy 1.272 150.0° 21.88° 6.52°
P 0 1.46* 195.0° 28.61* 6.94*
"Hb 75 1.36% 193.42 26.66% 7.392
Cadmium 150 1.24° 179.5° 26.22° 6.87°
(kM) 300 1.05¢ 123.0° 22.72¢ 5.55b

Al oo 2oy B mhaes 10 Sl ge3l Lawgs o tme Bl sssas ) lis (gt ,o 40 Siglite g,

The presence of different letters in each column indicates a sign

ificant difference by the Duncan test at the 5% level



VEee liasy O F ol el); pole jo Jame sl i

VYOA

a5 lasi g aBls S (339 32 985 X (65l Blito i1 uSiloe dmslio )Y Jgazr

Table 11. Comparison of the mean interaction of bacteria, genotype on dry stem weight

and number of seeds

FHERIRT Y
Ct ) st alw SLiS (39 Number of
Genotype Bacteria Dry shoot Weight (g) grains
Control aals 1.08 ¢ 535"%
™5 zotobacter #iSlgi 3! 1.61° 7.14°
Karim .
Pseudomonas  wlgogd g 1.20b¢ 7.10°
Control sl 1.30° 7.222
S
G .b d Azotobacter 25Lgs sl 1.28° 6.86?
onba Pseudomonas  wlgogdgu 1.21b¢ 6.48 ®

A5l oo o yd O a0 Sls (g5l Jawgd o e SIS oaims LiS (g o 50 Siglite g
The presence of different letters in each column indicates a significant difference by the Duncan

test at the 5% level
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