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Table 3- interaction effect of three factor of seedling characteristics in lab
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\éVa_te_r Mean time Mean daily Final Stem Seedling Seedling
eficit . . Lo L L - :
stress Cultivar bacteria germination germlnaﬂon germination length dry weight vigor
(mm) (d) (seed.d™) Percentage (cm) (9) index
50 control 4.329 mno 13.68 a-d 95.750 a-d 18.08 c-g 0.100 d-g 9.535 a-e
Manokin Br.j 4.415 h-m 13.93 ab 97.500 ab 20.54 abc 0.099 d-g 9.611 a-e
Br.j + Az.ch 4.31no 13.75 abc 96.250 abc 20.13 a-d 0.097 efg 9.347 cde
control 4.53 efg 12.43 efg 87.000 efg 15.49 gh 0.078 jk 6.797 g
SRF Br.j 4.562 def 10.751i 75.250i 15.39 gh 0.075k 5.722 h
Br.j+ Az.ch 4.665 abc 10.75i 75.250i 12.23i 0.075k 5.625 h
control 4.357 I-0 13.68 a-d 95.750 a-d 18.59 c-f 0.093 gh 8.941 de
williams Br.j 4.345 mno 13.86 ab 97.000 ab 18.67 c-f 0.097 efg 9.364 b-e
Br.j+ Az.ch 4.43 h-i 13.96 a 97.750 a 17.49d-g 0.095 fgh 9.243 cde
control 4.394 j-n 13.54 a-d 94.750 a-d 18.09 c-g 0.107 a-d 10.13 abc
100 Manokin Br.j 4.304 0 13.32 a-e 93.250 a-e 2191a 0.102 c-g 9.473 a-e
Br.j+ Az.ch 4.398 j-n 13.18 a-f 92.250 a-f 18.97 b-e 0.112a 10.32ab
SRF control 4.618 cd 10.96 hi 76.750 hi 16.27 e-h 0.087 hi 6.677 9
Br.j 4.623 bed 9.893 j 69.250 j 16.13 fgh 0.081 ijk 5.637 h
Br.j+ Az.ch 4.964 abc 9.679 j 67.750 12.64i 0.085 ij 5.731h
control 4.406 i-m 13.39 a-d 93.750 a-d 18.4 cf 0.109 abc 10.19 abc
williams Br.j 4.374 k-0 13.25 a-f 92.750 a-f 20.04 a-d 0.112 ab 10.35a
Br.j+ Az.ch 4.477 -] 12.750 def 89.250 def 21.53 ab 0.105 a-e 9.383 b-e
control 4.458 g-k 11.71gh 82.000 gh 16.43 efg 0.097 efg 7.993 f
Manokin Br.j 4.405 i-m 12.82 c-f 89.750 c-f 21.36 ab 0.111 ab 9.926 abc
150 Br.j+ Az.ch 4.49 f-i 12.36 fg 86.500 fg 18.66 c-f 0.101 c-g 8.754 ef
control 4.694 abc 9.786 j 68.500 j 13.7 hi 0.079 ijk 5.361 h
SRF Br.j 4.705 ab 7.036 k 49.250 k 16.61 efg 0.079 ijk 3.8211i
Br.j+ Az.ch 4702 a 7.5k 52.500 k 11.47i 0.074 k 3.876 i
control 4.385 k-0 13 b-f 91.000 b-f 18.04 c-g 0.109 abc 9.874 a-d
williams Br.j 4.498 e-h 13.25 a-f 92.750 a-f 17.15efg 0.103 b-f 9.551 a-e
Br.j+ Az.ch 4.576 de 12.86 c-f 90.000 c-f 20.61 ahc 0.099 d-g 8.968 de
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Means in coulumn and treatement followed by similar letter are not significantly different at 5% probability level, using duncan

Br.j : Bradyrhizobium japonicum

test.

Br.j + Az.ch: Bradyrhizobium japonicum + Azotobacter chroococcum
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Table 4- interaction effect of three factor of seedling characteristics in field
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bacteri Culti Water deficit Node Seedling Leaf dry Stem dry Seedll_ng Segdllng

ultivar . . . dry weight vigor

a stress (mm) number  height (cm) weight(g)  weight (g) () index

50 4.000 ab 7.500 fgh 0.365 c-e 0.160 c-g 0.525 def 19.082 a-e

Manokin 100 3.000 ¢ 7.500 fgh 0.250 g-j 0.090 ijk 0.340 hij 9.904 e-k

150 3.000 ¢ 7.350 fgh 0.340 d-h 0.130 d-h 0.470 efg 10.547 f-k

50 3.000 ¢ 6.000 ij 0.205 i-l 0.070 ki 0.275]j 5.006 Im
SRFxT3 100 3.500 bc 5.750 j 0.1251 0.050 | 0.175 k 3.821m

control 150 3.500 he 6.750 hij 0.235 hij 0.105 h-k 0.340 hij 5.499 kim
50 3.750 he 8.250 ef 0.210 il 0.080 jk 0.290 6.163 i-l

Williams 100 3.000 ¢ 9.250 cde 0.225 ijk 0.120 f-i 0.345 hij 8.104 h-l

150 3.750 he 9.250 cde 0.245 g-j 0.115 g-j 0.360 g-j 11.195d-j

50 4.500 ab 9.750 bed 0.360 c-f 0.165c-g 0.525 def 17.797 b-g

Manokin 100 3.000 ¢ 9.000 de 0.445 a-d 0.150 d-g 0.595 cd 17.985 b-f

150 3.750 he 9.250 bcd 0.470 abc 0.205 hc 0.675 hc 22.888 abc

Br. j 50 3.000 ¢ 8.250 ef 0.305 e-i 0.140 d-h 0.445 fgh 10.872 e-j
SRFxT3 100 3.000 ¢ 8.250 ef 0.180 jki 0.080 jk 0.260 jk 8.900 g-I

150 3.500 he 6.000 ij 0.135 kl 0.045 | 0.180 k 5.950 j-m

50 4.500 ab 8.250 ef 0.415 b-e 0.155 c-g 0.570 cde  13.099 b-h

Williams 100 5.000 a 11.000 ab 0.525 ab 0.255 ab 0.780 ab 23.648 ab

150 3.500 he 8.000 efg 0.450 a-d 0.180 cd 0.630 cd 14.142 b-h

50 4.000 ab 12.000 a 0.545a 0.290a 0.835a 34.280 a

Manokin 100 4.000 ab 10.500 bc 0.520 ab 0.300a 0.820a 21.898 a-d

150 3.500 he 9.000 de 0.375 c-f 0.170 cde 0.545 def 12.948 b-h

50 3.000 ¢ 8.000 efg 0.210 il 0.120 f-i 0.330 ij 7.116 h-l

. SRFxT3 100 4.000 ab 6.750 hij 0.240 g-j 0.125 e-i 0.365 g-j 11.103 d-j
Brj 150 3.000 ¢ 7.000 ghi 0.220 i-l 0.145 d-h 0.365 g-j 4.638 Im

+ 50 4.500 ab 7.000 f-i 0.345d-g 0.165 c-f 0.510 def 13.069 c-i
AzCh Williams 100 3.500 he 9.000 de 0.400 cde 0.165 c-f 0.565cde  16.609 b-g

150 4.500 ab 9.000 de 0.280 f-j 0.150 d-g 0.430 f-i 12.766 b-h
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Means in coulumn and treatement followed by similar letter are not significantly different at 5% probability level, using
duncan test.
Br.j : Bradyrhizobium japonicum Br.j + Az.ch: Bradyrhizobium japonicum + Azotobacter chroococcum
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Table 5- mean interaction effect of seedling characteristics in lab an field condition
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Wa_te_r Pri_mary Mean Cumulative Field _
deficit . . Root dry field Emergence ~ Emergence Seedling
Cultivar bacteria - emergence Index
stress weight (g) emergence time (d) Rfate ) length (cm)
(mm) (%) (seedling.d™)
Manokin 0.020 ab 17.083 a 0.579a 24.094 a ---- ----
50 SRFxT3 0.015d 5.938 b 0.389 b 10.773 bc ---- ----
Williams 0.016 d 5.938 b 0.408 b 12.081 b ---- ----
Manokin 0.020 he 8.194 b 0.418 b 15.124 b ---- ----
100 SRFxT3 0.016 d 8.438 b 0.424 ab 14.849 b ---- ----
Williams 0.018 bed 9.063 b 0.458 ab 14.849 b ---- ----
Manokin 0.023 a 6.458 b 0.398 b 13.220b ---- ----
150 SRFxT3 0.012e 2.708 ¢ 0.259 ¢ 7.861c ---- ----
Williams 0.018 cd 7.083 b 0.354 b 13.313b ---- ----
control 0.017 b 12.64a 0.520a ---- ---- ----
50 Br.j 0.017 b 6.979 bcd 0.374 hc - ---- ----
Br.j + Az.ch 0.019 ab 9.375 abc 0.483 ab ---- ---- ----
control 0.017 b 6.146 cd 0.378 bc ---- ---- ----
100 Br.j 0.017 b 9.688 ab 0.420 ab - ---- ----
Br.j + Az.ch 0.020 a 9.861 abc 0.501 ab ---- ---- ----
control 0.016 b 6.771 a-d 0.412 be ---- ---- ----
150 Br.j 0.020 a 5.104 cd 0.271c - ---- ----
Br.j + Azch 0.016 b 4.375d 0.327¢ - ---- ----
control 0.019 b ---- ---- ---- 10.7.049 a 34.070 be
Manokin Br.j 0.022 a ---- ---- ---- 100.474 ab 38.635a
Br.j + Az.ch 0.022 a ---- ---- - 107.962 a 35.734b
control 0.016 ¢ ---- ---- ---- 107.053 a 31.843d
SRFxT3 Br.j 0.012d ---- ---- - 90.794 bc 32.164 cd
Br.j + Azch 0.016 ¢ ---- ---- - 84.515 ¢ 28.491e
control 0.015¢ ---- ---- ---- 97.860 abc 34.565 b
Williams Br.j 0.019b ---- ---- - 89.310 bc 34.370 b
Br.j + Az.ch 0.017 he ---- ---- ---- 109.630 a 35.095 b

S0 )3 ol (lel 09,5 13 1o y3 D prdaw 1 (4SSl (905 b A ailiie gy (s &S (ke polaw Cado ya p
Means in coulumn and treatement followed by similar letter are not significantly different at 5% probability level, using duncan test.
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Table 6- mean of simple effect of seedling characteristics
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Water Root Stem dr Final Field Field Seedling
Cultivar deficit stress bacteria length weidht (y) Emergence  Leafarea(cm?®  emergence height
(mm) (cm) gntig (%) index (cm)
Manokin 16.79 a 0.082b 30.984 a 9.640 a .- ----
SRFxT3 16.4a 0.064 ¢ 23.576b 5.751b
Williams 15.74 b 0.085 a 26.389 ab 8.755 a
50 - 0.082b ---- ---- 105.423a  8.333ab
100 - 0.064 ¢ ---- ---- 101.938a 8.556 a
150 - 0.085 a ---- ---- 90.855 b 8.067 b
control ---- 0.079 a ---- 5.442 b
Br.j - 0.077 a ---- 8.332a
Br.j + Az.ch - 0.075b ---- 10.392 a
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Means in coulumn and treatement followed by similar letter are not significantly different at 5% probability level, using duncan test.
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Effect of free and symbiotic nitrogen fixing bacterial co-inoculation on seed and
seedling of soybean seeds produced under deficit water condition

H. Hadi”, J. Daneshian, A. Asgharzadeh, A. Hamidi, P. Jonoubi, F. Ghooshchi and M. Nasri*

Abstract

Effect of free and symbiotic nitrogen fixing bacteria on seed and seedling produced seeds under
deficit irrigation was conducted in laboratory and field experiments in 2006. In laboratory of karaj’s
Seed and Plant Research and Certificate Institute an experiment was conducted based on factorial in
form of completely randomized design with four replications and in field’s of Islamic Azad
University, Varamin Branch were split factorial in form of randomized completely block design with
three replications. Treatments included water stress [Irrigation after 50 (Normal irrigation), 100
(Middle stress), 150 (Severe stress) mm evaporation from pan class A], Cultivar [Manokin & Williams
and SRFxT3 Line] and inoculation [Inoculation with Bradyrhizobium japonicum, Bradyrhizobium
japonicum co-inoculated with Azotobacter chroococcum, No seed inoculation]. Results showed that
drought stress decreased the uniformity and germination speed and seedling emergence. Bacteria
increased leaf dry weight, stem dry weight, leaf area and seedling vigor index but had no effect on
emergence. In irrigation levels inoculated treatments had higher seedling length, leaf, stem, seedling
dry weight and seedling vigor. Severs stress seeds inoculated with Bradyrhizobium japonicum had
higher root dry weight than control. Therefore in seeds which were produced under deficit irrigation
conditions, bacteria increased seedlings vigor.

Key words: Seedling vigor, Seedling emergence, Bradyrhizobium japonicum, Azotobacter chroococcum

1- A Contribution from M.Sc Islamic Azad University-Varamin Branch, Seed and Plant Improvement Research Institute, Water
Research Institute, Seed and Plant Certification and Registration Research Institute, Tarbiat Moalem University
(* - Corresponding author Email: hamedhadi9@yahoo.com)



