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¢ Plant Growth Promoting Rhizobacteria(PGPR)
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% Free living
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13 Glomus
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2 Pseudomonas fluorescens

30 Plantago lanceolata
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32 Standard germination test

33 International Seed Testing Association(ISTA)
34 Mean Germination Time(MGT)

VY

siabosl @ygmoan Loy g 51, 1YY el
s S8S S5 s Sl b iy ol
PoA oo 5l 5,0l o5 (St 25 Jlas sl
S (Soisle 8 (Sey) &b 050 el b (S
05l o bl 3o syl 68 sl o 3l
(hgie (K25 (25) Vo (S GR35 g aLs)
e SOl e (ad (Sas ) V0
a8 5 13 (Hobbs and Muendel, 1983) A M5
2 ol o e ok cglae jho talojl o o
g azh S 8 e S ol o el g Lol slac S
ooy (Wl ) Saseaily lsa g o Lol ol
£ Y Gl eSiles oS ol (puliilye
sl 5 52l 3l 3 Baee (251, 1) el YYY
NN AN BRI E
a0 ) glos aeS (1 Slkeo g (oloys o) of 5 il
g 0,8 Ol VWO leo (Kl (oo o) o 5 il
il e 0,5 il a0 VED S sles o Sibe
9 SiS 59, V0 A ab b adhie ol cnl e
sy Sis g S Gl g ogbe 53 Gl
sk p25y 9 TS g 08 gl e enldl sblie
Alborz Province ) oo, 5 o oo TS _is
(Meteorology Office Scientific Gazette, 2014
s ol (oo oalgS aib) ool cuils p sla,d
g S Sliiod dnndo d (&S 4325 olSlylejl 5o
o Oy pLB ) slaydo bz )5 50 Jls g 5% (oolsS
sy 00zl 6 5T 503 el b el aple b g
Ol )l Hisayg P osCinlo onvg sl b5
lo g paSinle povspligol jl oS o il wle
5 (Strain 5) ays 7 ag 55553007/ 5 09 bl
9= il ale b i 5y poms 5 p90 Glalojl sla sy

ool sl 5 psSins > os s il 0l 6 Sy

23 Xerothermo Mediterranean climate
24 Aridic

25 Bradyrhizobium japonicum
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Table 1. Analysis of variance (mean square) of study on drought stress as low irrigation and treatment by
plant growth promeoting rhizobacteria (PGPR) effect on studied cultivars and genotypes of soybean seed
germination and vigor (Hadi ef al., 2008)
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Drought stress Sis i 2 89.620* 0.109%** 36.043* 908.766**
Error Al slas 9 11.611 0.003 6.981 45.851
Cultivar,s, 2 13960.843** 0.681%* 271.350*%*  6551.727**
Drought stressx Cultivar 18, x Sz s 4 314.648** 0.002 1 5731 53.695™
PGPR.LS w008 S5 o5 slas xS 2 73.787™ 0.047** 38.245%* 36.259 ™
ST by eSS 28 sl L xSaS 4 15.093 0.005 " 4710™  60.525m
Drought stressx PGPR
Cultivar X PGPRoLS o, 008G 565 sl ySL x o8, 4 190.389%** 0.009* 38.561%* 42773 0
BT ) 00 K 2 Slacs S e xS A 8 58.370™ 0.010%* 9.036™  72.799%*
Drought stressx Cultivar x PGPR
Error Bo (slas 72 37.347 0.003 6.152 28.217
Coefticient of Variation(%)(as,s) &l pusscw o 11.80 1.26 7.32 5.60

* ns
¢

Qo0 ) 90 maw ol pixe g o g e Dglas i ¥

", * and ** non significant and significant at 5 and 1 percent probability respectively
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Table 2. Mean comparisons of drought stressx cultivar and cultivar x PGPR interactions effect on normal
seedlings percent and seedling length of studied cultivars and genotypes of soybean (Hadi ez al., 2008)

(SaS A ) sole slo azals ws s (o stlo) azals Jobo
Drought stress Cultivar Normal seedlings percent Seedling length(cm)
Manokin 61.667bc -
50 mm pw, Lo O SRFxT3 33.583d -
Williams 65.583ab -
Manokin 58.083¢ -
100 mm o, Lo ¥+ - SRFxT3 29.250de -
Williams 65.750ab -
Manokin 56.750c -
150 mm yo, Lo VO SRFxT3 25.083¢ -
Williams 61.667bc -
Cultivar,s, PGPRoLS 0, 0SS 5 sl xSL
No inoculation(Control)(aals)zil soe 59.167¢ 34.070bc
Manokin Br.j 60.917bc 34.565b
Brj+ Az.ch 60.333c¢ 34.370b
No inoculation(Control)(aals)pdls soc 26.333¢ 28.491e
SRFxT: Brj 35.500d 32.164cd
Br.j + Az.ch 33.583de 31.843d
No inoculation(Control)(aali)z.il soc 63.167bc 35.095b
Br.j 70.417a 38.635a
Williams Br.j+ Az.ch 68.917a 35.734b

ks 3 lie (g5lel 09,5 10 0o )0 B s jo Sils glatels wiz ge;T b caiiud wlie g > gl a5 Slalas ygiw o 50
In each column means which have the same letters by Duncan's multiple range test at 5 % were in the same statistical group
TBr.j: Bradyrhizobium japonicum I Br. + Az.ch..: Bradyrhizobium japonicum + Azotobacter chroococcum

dilaer (yloj dawgin y olS ol ) 0uidS Sy (S g S x o ) X (Slas i Jiliio i1 (L puSilee A Lo — Y Jgur
(Hadi et al., 2008) Lguw o)y 590 sisif g o8] azals SLis 139 9 )

Table 3. Mean comparisons of drought stressx cultivar x PGPR interaction effect on mean germination
time and seedling dry weight of studied cultivars and genotypes of soybean (Hadi et al., 2008)

S G ) ol b 0aiiS S, 25 sl ST, Gosisler oloj bawgie  (p)azalS Sz (5
Drought stress  Cultivar PGPR Mean Germination Time (Day)Seedling Dry Weight (gr)

~ No inoculation(Control)(aalis)zils pas *4.329mno 0.100d-g

Manokin Brj 4.415h-m 0.099d-g

Brj+ Az.ch 4.310no 0.097¢efg

- 5 No inoculation(Control)(sala)mdls pac 4.530efg 0.078jk
Foaishes SRFT; Brj 4.562def 0.075k
50 mm Brj+ Az.ch 4.665abc 0.075k
o No inoculation(Control) (aals)xils pac 4.3771-0 0.093gh

Williams Br.j 4.345mno 0.097efg

Brj + Az.ch 4.438h-1 0.095fgh

~ No inoculation(Control) (aali)zils pas 4.394j-n 0.107a-d

Manokin Br.j 4.3040 0.102¢c-g
Brj+ Az.ch 4.438j-n 0.112a

- Voo No inoculation(Control)(asls)mils pac 4.618cd 0.087hi
Fohes SRFxT3 Brj 4.623bcd 0.081ijk
100 mm Brj + Az.ch 4.694abc 0.085ij

o No inoculation(Control)(sala)mdls pac 4.406i-m 0.109abc

Williams Brj 4.374k-0 0.112ab

Br.j + Az.ch 4.477F-] 0.105a-¢

~ No inoculation(Control) (aals)zils pas 4.458g-k 0.097efg

Manokin Brj 4.405i-m 0.111ab

Brj + Az.ch 4.490f-i 0.10lc-g

- V8. No inoculation(Control) (sals)eili pac 4.694abc 0.079ijk
Fonisles SRFT; Brj 4.705ab 0.079ik
150 mm Br.j+ Az.ch 4.490f-i 0.074k

n No inoculation(Control)(asls)e il pac 4.365k-0 0.109abc

Williams Brj 4.498¢e-h 0.103b-f

Br.j+ Az.ch 4.576de 0.099d-g

Sl 13 lie (g5lel 09,5 10 0o )0 O e yo Sils (glarels wiz ge;T b caitus wlie g > gl a5 Slales g o 50
In each column means which have the same letters by Duncan's multiple range test at 5 % were in the same statistical group
TBr.j: Bradyrhizobium japonicum I Br. + Az.ch..: Bradyrhizobium japonicum + Azotobacter chroococcum
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Table 4. Analysis of variance(mean square) of study on drought stress as low irrigation and treatment by plant
growth promoting rhizobacteria(PGPR) and mycorhizae effect on studied cultivars and genotypes of soybean

seed germination and vigour (Afshar et al., 2008)

(MS) olayye eSile

i aryp gbagelSaoy . _ S (38
Sl & Sl ooy bawgie azalS Job -
S.0.V. b wole Mean Seedling ol
df  Normal seedlings Germination Time length Seedlipg dry
percentage weight
Drought stress Sz jiis 2 6120.613** 0.022%** 89.890* 905.135%*
Error Al glas 9 23.406 0.001 0.841 30.090
Cultivar,3, 1 2005.682** 0.001™ 557.722%%  9922.667**
Drought stressx Cultivar o8, x Sz s 2 810.113** 0.031** 12.586* 840.948**
PGPR.LS ais ) 00isS S5 o5 slas xSL 3 992.799** 0.859%** 201.728** 67.417*
ST by S S 28 sl BL xS 6 64.112% 0.020%* 1.834%  369.344%%
Drought stressx PGPR
Cultivar X PGPRoLS o) 00iiS S5 o5 slag pSb x o3, 3 61.539* 0.025%* 12.526** 47.528*
olS wl;y 0aiiS S5, sl s S xed, X Sl S
Drought stressx Cultivar x PGPR 6 67.253% 0.023* 3131 240.101%
Error Bo las 62 22.841 0.002 2.692 88.924
Coefticient of Variation(%)(as,s) &l sy o 6.47 6.43 3.66 8.97

* ns

ao,0 ) 50 mhaw jo s Jme g o e d Dglas i i 4 *E
", * and ** non significant and significant at 5 and 1 percent probability respectively
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Table 5. Mean comparisons of drought stressx cultivar x PGPR and mycorhizae interaction effect on mean germination time and
seedling dry weight of studied cultivars and genotypes of soybean (Afshar ef al., 2008)

e e . . e N .« Normal seedlings  (5,) sjaly= = = T ©)?
i S ~ 35500 3 0kS A 0aiS Sy 59 slas S percentage Mean (o 5l) (¢S k)
Drought stress Cultivar PGPR and Mycorhyzae L Seedling Seedling dry
Germination length (cm) weight (mg)
Time (day)

No inoculation(Control)(asla)eili pac 90.00ab 4.15hi 26.38b-¢ 118.80ab

Linford Brjt 96.25a 4.12i 31.64a 123.30a

50 mm o o O Brj+Az.} 93.75a 4.15hi 28.16b 123.00a
Brj+My. 1t 90.75ab 4.15hi 26.36b-¢ 118.50ab
No inoculation(Control)(asls)pils pac 82.25efg 4.18ghi 20.40hij 115.80a-d
Colombus xWilliamss3 Brjt 85.75bc 4.17ghi 25.46¢-f 116.80abc
Brj+Az.} 80.50cd 4.18ghi 23.87efg 116.50a-d
Brj +My. 1t 79.25¢cde 4.20fgh 19.35j 114.80a-d
No inoculation(Control)(sals)pil pac 77.50def 4.20fgh 23 .46fg 109.50a-f
100 mm yo Lo V- + Linford Brjt 78.75cde 4.20fgh 27.56bcd 112.80a-¢
Br.j+Az.} 75.75def 4.22¢-h 25.48¢c-f 110.00a-f
Br.j+My. 11 72.75¢efg 4.26ef 24.36efg 109.50a-f
No inoculation(Control)(asls )il pac 62.75hi 4.39d 18.98;j 102.50c-h
Colombus xWilliamss3 Brjt 71.00fg 4.23efg 26.22b-¢ 108.80a-f
Br.j+Az.} 68.25gh 4.24efg 23.75¢efg 106.30b-g
Br.j+My. 11 67.13gh 4.37d 18.22jk 100.80d-h

No inoculation(Control)(sals)zil pac 57.50ij 4.55¢ 22.87fgh 95.001f-1

Linford Brjt 58.00ij 4.28e 27.88bc 98.50e-h

Brj+Az.} 57.50i] 4.56bc 24.93def 96.75fgh

150 mm o Lo VO Brj+My.7t 54.25jk 4.60abc 22.17ghi 94.50£-i

No inoculation(Control)(sals)zil pac 51.25jk 4.61abc 15.85k 80.25j

Colombus xWilliamss3 Brjt 54.50jk 4.59abc 24.87def 91.25ghi

Brj+Az.} 51.88jk 4.62ab 19.95§j 90.00hi

Br.j+My. 11 49.25k 4.64a 16.37k 68.50j

Bl 18l (5 )lel 09,5 50 o0 O mhaw 4o (Sls (glaels aiz ge3T b it alie By, glylo a5 Slale gt yo 50
In each column means which have the same letters by Duncan's multiple range test at 5 % were in the same statistical group
tBr.j: Bradyrhizobium japonicum, 1 Br. +Az.: Bradyrhizobium japonicum + Azosprillium lipoferum+ Azosprillium brasilensets, 1 Brj +My.:

Bradyrhizobium japonicum+ Glomus mossae
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Table 4. Analysis of variance(mean square) of study on drought stress as low irrigation and treatment by plant growth promoting
rhizobacteria(PGPR) and mycorhizae effect on studied cultivars and genotypes of soybean seed germination and vigor (Tajik et al., 2008a)

(MS) &l o (500

sazals wo)s

Sl e ER ke Gl ol et azalS Job apelS Sas g
S.0.V. &ol3l Normal  Mean Germination Seedling Seedling Dry
df seedlings Time (MGT) length Weight
percentage

Drought stress Sz 25 2 1156.00%* 0.0004** 139.60%* 48985.22%*

Cultivar3, 1 657.00%** 0.00005™ 7.95% 20668.22%*

Drought stressx Cultivar 3, x Sz i 2 1229.00** 0.0002%* 19.35%* 18337.93%*
PGPR and Mycorhyzae;; ,sSee 5 ol o) 00iiS' Sy 25 (slacs 251 2 35.50m 0.0005** 1.51m 1149.82*
P58 9 S5 ) eSS slas Sl xS 4 58.92% 0.00005* 6.36** 653.02

Drought stressxPGPR and Mycorhyzae
Cultivar x PGPR and MycorhyzaesL.5 o, 60is5 S5 ,565 slag w5 x o8, 2 4476 0.00003" 4.75* 1440.19*

oS 0y S 5 sl 7S ey X S 2

] 4 74.49% 0.0001** 21.24%* 2221.53*
Drought stressx Cultivar x PGPR and Mycorhyzae
Error Uas 54 44.09 0.00001 1.45 33.44
Coefficient of Variation (%) (aus,s) &l pusicn yo 4.01 1.68 9.79 10.39

% ns

ao)d ) 50 gl o o cixe g 4lo e b Sgl i 4 *H K
", * and ** non significant and significant at 5 and 1 percent probability respectively

14



VWA [pgs 0,leds g Jlo [0l sy Sl 5 pole LS 5 Goe

dlambs M)a)af)gimg oS KW o..\.uSs_i:):u ébéﬂbxﬁ)xw gt J:LM)JI ‘_gl.bu.aS;L.o awslio -V Jouo
(Tajik et al., 2008a) l.:,.u ) 990 sBuiei) g pbByl azals LS (439 9 azalS Job « Jidiles o) .Ia.w,..o wsole
Table 7. Mean comparisons of drought stressx cultivar x PGPR and mycorhlzae interaction effect on mean
germination time and seedling dry weight of studied cultivars and genotypes of soybean (Tajik e al., 2008a)

~ S sles S ol Lawgite ¢ ¢ Sis -
e e . 5 0LS 0, oo sole gloazalS voys  (G9)) oailex mL.Sﬂj.la gl Sa 0
D S A 2 )95ee Normal seedlings Mean (ol (5 sheo)
rought stress Cultivar PGPR and S Seedling Seedling dry
an percentage Germination length (cm) weight (mg)
Mycorhyzae Time (day) & g &
NO (02l e 84.25 ab 415hi  25.18b-c 116.70ab
inoculation(Control)
Zalta Zalha Brjt 85.00 a 4.12i 30.74a 121.10a
Br.j+Az.% 82.00 ab 4.15hi 27.26b 120.00a
Brj+My. 1t 78.25 ab 4.15hi 25.37b-¢ 116.50ab
50 mm o L - oo 71.00fg 4.18ghi  20.00hij 113.80a-d
ClarkxHobbit Brjt 71.75 b-e 4.27ghi 24.46¢-f 114.60abc
Br.j+Az.} 68.25gh 4.18ghi 23.80efg 114.30a-d
Brj+My. 1t 67.13gh 4.20fgh 18.15j 112.70a-d
No (ualt)zedl pac 60.63 ef 420fsh  22.35fe 107.50a-f
inoculation(Control)
Zalta Zalha Brjt 63.50 c-f 4.21fgh 26.06bcd 110.80a-¢
Br.j+Az.% 63.00 def 4.22e-h 24.36¢-f 109.01a-f
100 mm o Lo )+ + Br.j+My. 11 62.75hi 4.26ef 23.16efg 107.55a-f
NO(aala)g il pae 76.50 ab 439d 20.18 100.55¢-h
inoculation(Control)
ClarkxHobbit Br.jt 77.75 ab 4.20efg 25.32b-¢ 106.50a-f
Br.j+Az.} 75.25 abc 4.23efg 22.15¢efg 104.10b-g
Brj +My. 11 73.00 a-d 4.36d 18.00jk 98.80d-h
N0 (alag il pac 39.00f 454c  17.80fgh 94.00f-i
inoculation(Control)
Zalta Zalha Brjt 59.25f 4.27e 20.88bc 97.50e-h
Brj+Az.i 58.75 fg 4.56bc 19.90def 95.70fgh
150 mm e Lo V- Brj+My.tt 57.50g 4.61abc 18.17ghi 92.50f-i
NO (aala)geil pae 55.75hi 4.61abc 15.85k 77.25ij
inoculation(Control)
ClarkxHobbit Brjt 56.50h 4.39abc 16.87def 81.25ghi
Brj+Az.i 54.50i 4.63ab 15.95§j 80.00hi
Brj+My.1t 52.25ik 4.64a 14.37k 68.50j

A5yl 18 plie (ylel 05,5 10 doy0 O mhaw 40 SSls glaels aix (yee3T b caiias ailive By, glylo a5 Sla e giw ,2 50
In each column means which have the same letters by Duncan's multiple range test at 5 % were in the same statistical group

tBr.j: Bradyrhizobium japonicum, § Br. +Az.:

Bradyrhizobium  japonicum + Azosprillium lipoferum+ Azosprillium

brasilensets, T+ Br.j +My.: Bradyrhizobium japonicum+ Glomus mossae
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Abstract

Environmental stresses occur during seed formation on the parent plant has a considerable effect on
seed germination and vigor. Even when all required factors for growth, development and seed
formation on the parent plant are provided by growers, parent plants can still be affected by
environmental stresses, especially drought stress. Soybean one of the most important oil seed crops
which seed germination and vigour affected by drought stress occur on parent plant. In many regions
of Iran where soybean seed produced, limited precipitation and irrigation water and severe evapo
transpiration conditions often occur during seed formation which causes seed deterioration on parent
plant before harvest. Therefore, study on this effect and soybean seed produced under drought stress
germination and vigor improvement and rehabilitation have especial importance. Beneficial soil
microorganisms like as plant growth promoting rhizobacteria and mycorrhizae fungi have potential
ability for seed germination and vigour improvement and seed treatment by those one of the probable
methods for seed quality improvement and rehabilitation. Based on, conducted researches by soybean
cultivars and genotypes production under drought stress effect as irrigation after 50, 100 and 150 mm
evaporation of A class evaporation pan and seeds treated by Bradyrhizobium japonicum, Azotobacter
chroococcum, Azosprillium lipoferum, Azosprillium brasilensets, Pseudomonas fluorescens and
Glomus mossae mycorrhizae fungus. Review of those researches results revealed that, by drought
occur, in all studied soybean cultivars and genotypes, normal seedling percent and seedling length and
dry matter decrease and mean germination time increased, but soybean cultivars and genotypes have
difference for those traits and Williams, Linford and Zalta Zalha cultivars had more tolerance. Also,
among studied beneficial soil microorganisms, seed treatment by Bradyrhizobium japonicum have
more potential capability for studied soybeans cultivars and genotypes seeds germination and vigour
improvement and rehabilitation.
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