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Table 1. Analysis of variance of effects of Inoculation by PGPR on characteristics related with germination
and seedling growth of okra in different temperatures
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Table 2. Mean characteristics related with germination and seedling growth of okra affected by Germination
Temperature and Inoculation by PGPR
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Means within a column followed by the same letter are not significantly different at the 5% level according to the Duncan test.
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Table 3. Mean of effects of inoculation by PGPR on seedling growth characteristics of okra at different

tempratures
oo Sl b alS b S S ol
(o5 5l) by S e S St b il Goaks)  Gogks) (D aels o)
Temperature Inoculation by PGPR Plumule Seedling length seedling dry . g vigour
(°C) length(mm) (mm) weight vigour index index
1059 wligegdgu V 4 gw P. putida strain 1 1.68 h* 325m 0.003 i 40 f 0.052 f
lowisy olisagoes Vo sgw P. putida strain 10 4 7m 0.001 i 47f 0.007 f
10 lowisy Usegoges V& dyges P. putida strain 19 1.16 h 2,72m 0.0001 i 35f 0.021 f
1059y wligegdguw YO+ aygw P. putida strain 150 6.75f 11.5m 0.005 i 91 f 0f
i y5l8 wligegagus YO+ &g P. fluorescens strain 150 4.2 fj 9.8 m 0.004 i 211 f 0.142 f
S yold wligegdgus VOR ayg9u P. fluorescens strain 159 4.8 fj 8.75m 0.004 i 95 f 0.095 f
sl lige2g 108 s oy (ligasosad e 07y 225m 0.0001 i 18 f 0f
P. putida strain 19 + P. fluorescens strain 159
aals control 0.5h 2.25m 0.0001 i 27f 0f
1059y wligegdgw V & sw P. putida strain 1 18.92d 37.9 k-j 0.112 gh 3017 de 9.12 de
1059 wlgegdguw V+ &g P. putida strain 10 1339 ¢ 35.51-1 0.105h 2517 ¢ 774 ¢
lowisy olisegoses V& &sgu P. putida strain 19 13.56e  33.17j-1 0.109 gh 2586¢  8.84de
15 1059y wligegdguw YO+ aygw P. putida strain 150 19d 4338 g-i 0.143 d-f 3895cd 1292 cd
i yold ligegagus YO+ 45w P. fluorescens strain 150 13.46 31.17kl 0.100 h 2187 e 7.5¢e
s jold ligegages VO g P. fluorescens strain 159 1331 e 42.21 h-j 0.087 h 2694 e 576¢
D3l Gligagoges V0N dysm thadsy pligegoged Vs (300 3644 0.082 h 2222e 604
P. putida strain 19 + P. fluorescens strain 159
aals control 13.32e 28.11 0.093 h 2018 e 6.72¢
1059y wligegdgw V & sw P. putida strain 1 28.87 ab 7432 a 0.194 a 7432 a 194 a
1059y wligegdguw V+ &g P. putida strain 10 27.76 ab 70.84 ab 0.174 a-d 7010ab 1723 ab
10599 wligegdgw V& a4 P. putida strain 19 24.84 be 66.45 a-¢ 0.157 b-f 6011b 14.26 be
25 lagiss oligessges YO+ dyses P. putida strain 150 2872ab  71.59 ab 0.158b-f  6975ab  15.47ab
Cowysls wligegdg VO« 49w P. fluorescens strain 150 31.13 a 7447 a 0.187 ab 7447 a 18.7a
S yold (uligegdguw VO a9 P. fluorescens strain 159 31.55a 73.92a 0.186 ab 7493 a 18.6a
eygh Plisagdg V0% g oy ligagosa 3 s o5 40 64 b-e 0.170 a-e 6231b 1653 ab
P. putida strain 19 + P. fluorescens strain 159
aals control 21.66 cd 50.1 f-h 0.146 c-f 4342 ¢ 12.71 cd

il ged o sme 5SSl ge3T wlulys dojd O zehaws (o (gl Ll S e By ym b slagnSiles «ygim o 00
Means within a column followed by the same letter are not significantly different at the 5% level according to the Duncan test.
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Table 4. Analysis of variance of effects of priming by salicylic acid on germination and seedling growth
characteristics of okra in different temperatures
Mean Square ole o Sk

s TP Gl ae Gl e ety Jib il Jibamals Jib T bl s sl
Sourcem \Zriance @l germination Germination Radicle  Plumule Seedling w i R KRY]
df  percentage rate length length length seev(illelgggll:lw vigor index  vigor index
Temperatures (T) Le 2 52274%* 16™* 9130** 4183*  25582%* 0.18*  281846345™* 1774%*
Inoculation (P) ks 7 257* 0.08* 150%* 65.9%* 370%* 0.001** 4425949%* 22.2%*
TxP 14 146™ 0.04" 24 .91 15.6* 69.8% 0.0006* 1272748* 11.7%
Error Ua> 69 119 0.038 15.5 7.8 335 0.0003 537453 7.1
() Sl 05 16.3 16.3 15.7 15.6 13.5 17.5 19.6 26.1

CV (%)

Aoy V0 mhw ;o og I s g o gee pf o 4FF s
ns, * and ** : Not significant, significant at 5% and 1% probability levels, respectively

Clho o (50 e g Cde S Shdlos ol calizes # 1y gladasde Jol il Siasilex sles yials

ol )5 sl 4,0 YO 9 10 slales o szl ouls oL sl Slos G Ll ociils (o 0 @508 Si9 5 Jeb alis

dlio ;5 ©)ad (Jig 9 Job s lade (i i g DS gt s Sl sl L s sy

Sl Yoo odos <1V g+ /0 gl Lile sl sl Ly Sosbar 935 (a3l 95 (ol Blod i bop (25 51 (S50
0 Jsuz) 0l ool Sl slacdale U jledyig o3 Zilo az 0 Ve (glos o a8
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Table 5. Mean germination and seedling growth characteristics of okra as affected by Germination
Temperature and salicylic acid tratments

Lo chle o Gialer a0y Fiuler Cepmazady, Job azdle Job azelS Job Sis G5y Sas o)y Jsb el Gy el
L) Ygeden) B GnrS) Geeke)  Guake)  Geks) (09 26l (S amls o8 oy
Temperature Concentration germination Germination Radicle Plumule  Seedling Plumuledry seedling  vigour vigour
(°C) (mM) percentage  rate(1/d) length(mm)length(mm) length (mm)  weight  dry weight  index index
0 46 d+ 0.82d 34¢g 23e 58¢g 0.008 g 0.0l4 g 273 f 0.663 h
10°C 0.05 77 be 1.37 be 8.6f 109d 195f 0.052 ¢ 0.067 ¢ 1499 ¢ 538¢g
0.1 70 ¢ 1.25¢ 82f 11.3d 195 f 0.051e 0.067 e 1379 ¢ 4.67¢g
0.5 69¢ 1.23 ¢ 82f 9.4d 17.6 f 0.046 ef 0.061 e 1221e  421g
1 47d 0.83d 8.1f 8.8d 17f 0.031 f 0.04 £ 796 ef 1.92 gh
0 81 be 1.44 be 22d 22.3d 443 e 0.074 d 0.109d 3601 d 8.87f
15°C 0.05 80 be 1.42 be 22.8d 219¢ 448 e 0.075d 0.117d 3596 d 944 f
0.1 97 a 1.73 a 26.3 be 24.6 be 50.9d 0.11b 0.155¢ 4944 ¢ 15.11¢c
0.5 89 ab 1.58 ab 295a 27b 56.5¢ 0.089 cd 0.137¢  5030bc 12.26 de
1 T4 c 132 ¢ 242 cd 235¢ 477 ¢ 0.077d 0.111d  3547d 8.36 f
0 76 be 1.35be 164¢ 26.8b 432 0.104 be 0.138¢ 3294d 1054 ef
0.05 96 a 1.71 a 239cd 36.1a 60.1 bc 0.146 a 0.186b  5806ab 17.86b
25°C 0.1 99 a 1.76 a 25.1cd 38.1a 63.3 ab 0.157a 0.208 a 6272a  20.62a
0.5 97 a 1.73 a 28.5 ab 39a 67.5a 0.152 a 0.193 ab 6582a 18.75ab
1 89 ab 1.58 ab 239cd 27.1b 5.1d 0.118 b 0.157 ¢ 4590c  13.89 cd

il ged o sime SIS aesl ululys 0o )0 O zlaws (o (5l Ll 51 S rie By b (glapnSilee oygis o 00
Means within a column followed by the same letter are not significantly different at the 5% level according to the Duncan test.
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Table 6. Mean radicle dry weight of okra affected by Germination Temperature

(LS Sl a2 59) (Siaile> sled (p5) dzain, S 59
Germination Temperature (°C) Radicle dry Weight (g)
10 0.012b
15 0.041 a
25 0.041a

il ged o sime SIS aesl ululys 0o )0 O zlaws (o (5l Ll 51 S rie By b glapnSilee oygis o 00
Means within a columns followed by the same letter are not significantly different at the 5% level according to Duncan test.
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Table 7. Mean dry weight of okra affected by salicylic acid

(Y30) Sebomnlls sl slalale (p5) azaiy, S 4
Concentrations of Salicylic Acid (M) Radicle dry Weight(g)
0 0.025¢
0.05 0.032b
0.1 0.037 a
0.5 0.034 ab
1 0.027 ¢

il ged o sme 5SSl ge3T wlulys duojd O zehaws (o (gl Ll S e By ym b slapnSiles oygim o 00
Means within a columns followed by the same letter are not significantly different at the 5% level according to Duncan test.

abie mals azady; ol ol Jis 4 g of Qiz 4z LS s il e (Hialez b o by sles
e o S sles o9 b (Baraka et al., 2006) P oA zaiy, ze,5 0 Py Siadlex oo
S eli plomiwl Ol adgl Cis 84b oo el 3 S Patade ef al., ) 55,5 <|,; o8| g calize sloassS
Coled jo goeals Lilidl ) Lac g xSl s o0 s leasSaly S5 o0 b loyw 25 a5 slasgS 4 (2011
3 leo (Kafi et al., 2009) ool als b ,dn Jiails> 30 o9,=SI JLasl Ly o P caw ST Jled
LS ol ¥ oy U adlyisa Yooad §5 gl sloltd ol & ke 5 355 0 peliio ]2
S i 08 4l slo i (Siadler Gloasls L ol oo oyl S 5 lgd OS5 e g
Slad o550 1 Lo ials Purvis and Shewfelt, ) 50,5 — 2,2 oysmlons]y
Spealngm Foe b s S plonl Sldllas (b o Bk elS el by (om0 81l ogdle (1993
Sl 48,58 0l 3590 08 Syl bl al3dl 9 00h ol 4 o azaty; sla sl slid 6 ,3098
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Abstract

To investigate the effects of plant growth promoting rhizobacteria and seed priming by salicylic acid
on germination and seedling growth charecteristic of okra (Abelmoschus esculentus L Basenti.) in
different temperatures, an experiment was conducted as factorial layout based on a completely
randomized design with four replications at laboratory of the Postharvest Physiology, College of
Agriculture, Mohaghegh Ardabili University during 2014. Treatments consisted of four temperatures ( 10,
15, 20 and 25°C), and different strains of Pseudomonas putida (1, 10, 19 and 150), different strains of
Pseudomonas fluorescence (69, 159), combined strains of Pseudomonas putida (10)+Pseudomonas
fluorescence (159), control (no inoculation), and seed priming treatments by five concentrations of
salicylic acid (0, 0.05, 0.1, 0.5, and 1 mM). The result indicated that by decreasing temperature,
germination and seedling growth parameters of Okra seeds reduced and the best temperature for seed
germination was 25 °C. Inoculation with plant growth promoting rhizobacteria led to significant increase
in germination and seedling characteristics such as stem length, seedling height, dry weight, and vigor
indices of okra under different temperature regims. Pseudomonas putida strain (150) and Pseudomonas
fluorescent strain (69 ) had the greatest effect on germination characteristics of okra seeds under low
temperature compared to control. Seed priming by salicylic acid increased all germination and seedling
growth characteristics such as seed germination percentage, germination rate, radicle, and plumule
lengths, plumule and seedling dry weights and length and weight vigor indices under low temperature
stress. Seed priming with 0.1 and 0.5 mM concentrations of salicylic acid was more efficient for the
improvement of seed germination and seedling growth parameters under low temperature stress.
Keywords: Bio-priming; Hormone-priming; Low temperature; Okra; Seed germination
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