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ABSTRACT

In order to evaluate the yield and nutrient accumulation in different cultivars of rapeseed under the effect
of azotobacter in irrigation conditions, a factorial split experiment based on randomized complete blocks
design with four replications was conducted in Khorramabad agricultural research station in 2016-2017.
Experimental factors included the withholding irrigation from 30% flowering and 30% pod forming, and
normal irrigation (control) as the main plot and inoculation of Neptune, Oktane and Okapi rapeseed
cultivar seeds with azotobacter strains (63, 70) and non inoculation (control)as subplots. The results
showed that the irrigation regimes had a significant effect on grain yield and the accumulation of
nitrogen, phosphorus, potassium, calcium, magnesium, and manganese in shoot and seeds. The effect of
azotobacter was significant on all nutrients (except magnesium) uptake in green tissue and seeds. The
interaction effects of irrigation regime, bacteria and cultivar were significant on phosphorus, potassium,
magnesium, manganese, and zinc levels in shoot and grain. Maximum grain yield was obtained from
optimal irrigation treatment with 4559 kg.ha'. It was found that Oktane and Neptune cultivars with 4584
and 4290 kg grain.ha'were superior compared to okapi cultivar. With regards to the positive effect of
potassium concentration and inoculation of rapeseed seeds with azotobacter due to its solubilizing
properties, increasing the application of potassium in soil and seed inoculation can moderate the negative
effects of stress and improve grain yield in rapeseed.
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Table 1. Analysis of variance of the effect of Azotobacter inoculation on yield and nutrient content of rapeseed (Brassica napus L.) in different irrigation regimes.

Sources Df Mean of squares
Seed Shoot

Cu Zn Mn Mg Ca K P N Cu Zn Mn Mg Ca K P N Yield
Block 3 0.0571 ns 11" 15.9 0.00024 0.00031 0.00 0.001 0.008 0.32 19.58 88.39 0.00 0.04" 0.09 0.001 0.086 2983472 ™
Irrigation regime 2 0.375™ 193+ 3529 0.0007 0.0075 ™ 0.079 ™ 0.33™ 13~ 16”7 159.69 ™ 519.06 ™ 0.00" 01" 1.48™ 0.335™ 2.15™ 11318330 ™
Blockx Irrigation 6 0.0067 42 4.6 0.0005 0.00013 0.001 0.00 0.023 0.42 30.53 73.86 0.00 0.01 0.08 0.00 0.049 878382~
regime
Bacteria 2 0.465 ** 292.2** 660.59 ** 02" 0.038 ™ 0.153 ™ 0.008 ™ 5.14™ 1.82™ 136.36 ™ 219.73™ 0.00 0.28™ 111" 0.008 ™ 4351 725732
Cultivar 2 0.021 25.28 ** 32.56 * 0.001* 0.0011 * 0.00 0.005 * 0.01 0.9 464.36 ** 425 0.00 0.02 0.1 0.005 * 0.231* 1242864 **
Bacteriax Irrigation 4 1.952 ** 186.3 ** 1732.9 ** 0.02** 0.022 ** 0.046 ** 0.05 ** 1.62 ** 2.1** 117.8 ** 397.88**  0.01** 0.19** 3.47** 0.005 * 4.677 ** 187984
regime
cultivarx  Irrigation 4 0.047 6.5 08.28 ** 0.001 ** 0.0004 0.002 * 0.001 0.031 2.83 ** 50.97 * 97.03 0.00 0.13**  0.21** 0.05 ** 0.079 950570*
regime
Bactriaxcultivar 4 0.080 8.5 57.9 ** 0.0025**  0.0008 ** 0.002 ** 0.001 0.028 0.47 4534 * 104.37 0.00 0.022 0.31™ 0.001 0.22* 109719
Bacteriaxcultivarx 8 0.105 ** 20.1 ** 56.8 ** 0.0018 **  0.0009 ** 0.002 ** 0.006 ** 0.01 0.53 136.7 ** 108.77 * 0.03 * 0.019 0.22 ** 0.006 ** 0.18 * 198607
Irrigation regime
Error 72 0.0329 3.87 7.69 0.00029 0.0002 0.0009 0.001 0.014 0.34 18.1 44.36 0.00 0.014 0.057 1.08 0.052 368857.51
CVv 5.26 6.91 7.1 5.24 5.28 3.8 10.02 3.151 8.9 9.06 9.8 8.9 8.7 6.7 10 451 14.78
(%)

*and**: significant at 0.05 and 0.01 of prpbability level, respectively.
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Table 2, Means comparison of the two-way interaction of the irrigation regime (I) and cultivar (C) on some different traits of rapeseed (Brassica napus L.)

Traites Cu Zn Mn Mg (Ca %) K P N Cu Zn Mn Mg Ca (%) K P N Yield
(ppm) (ppm) (ppm) (%) (%) () (%) (ppm) (ppm) (ppm) (%) (%) (%) (%) (Kgha)
Tteatmen
Seed Shoot
11
c1 3358a  25.75bc 4155a 0.327a 0.253a 0.778ab 0.718 b 3658a 6.33bc  44.75c 66.25ab  0.136a 1.22¢ 34lab  0333bc 4.791a 3430.8dc
C2 3.383a 25.58 ¢ 3466a 0323a 0.247a 0.776ab 0.753 ab 3.700a 6.94ab 44,50 ¢ 72.41 ab 0.142 a 1.325 be 3.400 ab 0.287c 4708a 3925.5bc
€3] 3.350 a 28.33abc  35.29a 0.325a 0.269a 0.799 ab 0.736 ab 3.700a 6.92ab 54.41a 72.00 a 0.133a 1.350 abc 3.383b 0.314bc 4.84la 3086.3d
12
il 3.391a 30.83ab 35.83a 0.330a 0.262a 0.840 a 0.900 ab 364la 6.34bc 46.16 bc  69.50 ab 0.142a 1.492 ab 3.55ab 0.370 b 5.033a 4699.7 a
C2 3.483a 31.16a 36.58a 0.31la 0.259a 0.832a 0.884 ab 3666a 6.65abc 46.83bc  67.33ab 0.140 a 1.336 abc 3.575ab 0.366 b 5.133a 4567.7 ab
C3 3.375a 31.16a 38.00a 0.321a 0.266a 0.844 a 0.916 ab 3.616a 7.19a 52.08 ab 71.75a 0.140 a 1.354 abc 3.483 ab 0.359bc  5.158a 3591.6dc
13
C1 3.508 a 27.16abc 40.16a 0.338a 0.277a 0.759ab 0.971 ab 3983a 6.90ab 42.25¢ 65.58 ab 0.134a 1.283 ¢ 3.588 ab 0.511a 5096a 47422a
C2 3.525a 2750abc 4291a 0.338a 0.287a 0.752ab 1.015a 3.925a 592c 44.66 c 61.33b 0.127 a 1533 a 3.817 ab 0.491a 5283a 5258.3a
c3 3.650 a 28.83abc  44.83a 0.314a 0.287a 0.725b 0.942 ab 4.066a  6.26 bc 46.58 bc 62.5 ab 0.136 a 1.442 abc 3.993a 0.495a 54a 3677.5dc
Solis pae Kilo (gt o 0 S i By, s)lo sl 1Siles (C3) 5T o3, (C2) ST 83, (CL) (g5 o, .(13) Jloy ()Ll «(12) (20 oy /¥ al> e 40 (5 kol adad (1) 2ulS /¥ al> o yo (g Lol adab
MG PR WS ST ORI KO e
Withholding irrigation from 30% flowering stage (11) Withholding irrigation from 30% pod forming stage (12), Normal irrigation. (13). Neptun (C1), Octane (C2),0Okapi (C3). Means with the same letters in the
each column are not significantly different at 5% of probability level.
«(Brassica napus L.) 1315 5ld¢ jolic glyims g 0 Slae i 08, 9 xSbeisl 6,550 skl w25, Alaw blite ol 31 sl Sl duslie -Y Jgox
Table 3 . Means comparison of the three-way interaction effects of irrigation regime, cultivar and azotobacter inoculation on yield and nutrient content of rapeseed (Brassica napus L.).
aites
Cu ( ppm) Zn Mn Mg Ca K P N Cu Zn Mn Mg Ca K P N Yield
Tteatmel (ppm) (ppm) (%) (%) (%) %) (%) (ppm)  (ppm) (ppm) (%) (%) %) %) (%) (Kgha')
Seed Shoot
11B1
C1 3.42d-h 27.75e-h 59.00 a 0.36 abc 0.26 cde 0.877 Db 0.95 def 4.00 be 6.32 bed 45.50 de 65.25 bede 0.13bcd 1.22 efg 3.35h-m 0425d-g  4.50 jkl 32775 ef
C2 3.52 c-f 26.75 fgh 40.00 ef 0.35a-d 0.27 bed 0.83 bed 0.98 bed 4.02 abc 7.25ab 42.75 de 74.50 abc 0.13 bed 1.25 efg 3.10 kKIm 0.35 hig 4271 3961.6 b-f
C3 3.40 d-h 28.00 e-h 43.12 de 0.36 abc 0.28 bed 0.86 b 0.93 def 4.05 abc 7.30 ab 56.25 bc 75.0 abc 0.13 bed 1.37 b-g 3.27i-m 0.40 e-h 4.65 h-l 3357.5 def
11B2
C1 3.60 b-e 29.00 efd 30.25 g-j 0.36 abc 0.28bcd 0.77 d-i 0.93 def 4.00 be 6.47 bed 45.00 de 66.75 b-e 0.13 bc 1.27 d-g 3.35 h-m 0.36 g-j 5.15d-h 3654.1 c-f
C2 3.47 c-h 28.00 e-h 31.50 g-j 0.36 ab 0.27 b-e 0.79 c-f 0.955 cde 4.05 abc 6.425 bcd 42.75 de 66.25 b-e 0.13 bed 1.27 d-g 3.40 h-m 0.29 jk 5.07 d-h 3937.5 b-f
C3 3.72 bed 35.0ab 27.75 hij 0.37a 032a 0.84 bc 0.88 def 4.02 abc 7. abc 61.5ab 72.a-d 0.13 bed 1.3d-g 3.45f-m 0.34 hij 517 d-g 3205.8 ef

11B3



C1 3.05ij 20.50 j 35.4 fg 0.25h 0.21gh 0.68 jk 0.30h 297f 6.20 bed 43.75 de 66.75 b-e 0.14 bed 1.32c-g 3.55 f-k 0.21 472 -1 3360.7 def

C2 3.15f 22.01j 32.50 g 0.25h 0.19h 0.70 ijk 0.3h 3.02f 7.15ab 48 .0 cde 73.50 abc 0.15ab 1.45 a-f 3.70 e-i 0.23 kI 4.77 f-k 3877.5 b-f

C3 292j 22.00 ij 35.0 fg 0.23h 0.19h 0.68 k 0.40h 3.02f 6.45 bed 45,50 de 69.00 a-e 0.14 bed 1.37 b-g 3.42 g-m 0.20 470 g-l 2695.6 f
12B1

C1 3.7 bed 33.00 bed 33.75gh 0.38a 0.33a 099 a 1.130 abc 425ab 7.07 ab 47.75 de 73.0 abc 0.17 a 1.6 af 432abc  0.40e-i 6.05 ab 5025.8 abc

C2 427 a 37.75a 34.00 fgh 0.30 fg 0.33a 0.93a 1.12 abc 4.25ab 7.22 ab 50.50 cd 70.75 a-d 0.15ab 147 a-e 457 a 0.39 e-i 6.27 a 4934.2 a-d

C3 3.85bc 37.75a 31259+ 0.31 efg 0.34a 0.98 a 1.15ab 4.27 a 7.89 a 64.75 a 68.0 b-e 0.14 bed 143 a-f 4.37 ab 0.311j 6.12 ab 3555 c-f
12B2

C1 3.25¢e 33.50 bc 30.50 g-j 0.29 fg 0.23fg 0.757 e-i 0.78efg 352e 6.50 a-d 48.00 cde 81.0ab 0.13 bed 1.55a-d 3.37 h-m 0.34hij 4.80 f-k 4601.6 a-e

C2 3.12¢ 31.50 b-e 3250 g-j 0.32d-g 0.25def 0.77d-i 0.689 355e 6.52 a-d 45.00 de 69.00 a-e 0.13 bed 1.27 d-g 3.00 Im 037f-g  4.80fk 4387.2 a-e

C3 3.10 hij 30.00 c-f 33.50 ghi 0.32d-g 0.24 ef 0.75 e-j 0.75 fg 350e 7.30 ab 42,00 de 83.75a 0.14 abc 1.47 a-f 292m 0.347¢g-j 4.95e-i 3470.8 c-f
12B3

C1 3.225 e+ 26.00 f-i 43.25de 0.3125 fg 0.215 gh 0.775 d-h 0.792 d-g 3.150 f 5.450 d 42.75 de 5450e 0.125 bed 1.250 efg 295m 0.400 e-i 4251 4471.8 a-d

C2 3.05ij 24.25 g-j 43.25de 0,305fg 0.195h 0.79 c-g 0.84 d-g 3.20f 6.200 bcd 45.00 de 62.25 cde 0.132bcd  1.257 efg 3.15j-m 0.332hij  4.32kl 4381.7 a-e

C3 3.17 1 25.75 f-i 49.25 cd 0.32¢c-g 0.210 gh 0.80 cde 0.84 d-g 3.07f 6.74 bed 49.50 ¢ 63.50 cde 0.13 bed 1.150¢g 3.15j-m 0412e-h 4.4kl 3748.9 c-f
13B1

C1 3.22¢€ 23.75 hij 46.75 dc 0.36 ab 0.252def 0.792 c-f 12a 3.85cd 6.60a-d 43.25 de 66.0 b-e 0.12 bed 1.350 b-g 3.07 kim 0.465 b-e 4.82 g 4720.4 a-e

C2 3.22¢€ 24.25 g-j 50.75 bc 0.3850 a 0.280 bed 0.790 c-g 1270 a 3.72de 5.425d 46.50 de 54.25 b-e 0.137 bed 1.650 a 3.95b-g 0.507 abc 5.52 cd 5520 a

C3 3.52 c-f 28.50 efg 50.50 bc 0.307 fg 0.295 bc 0.715 h-k 0.902 def 4.10 abc 6.600 a-d 44.25 de 66.25 b-e 0.130 bed 1.625 ab 3.97 b-f 0.460 b-e 5.32 cde 3748.1 c-f
13B2

C1 3.52 c-f 29.25 def 46.75 dc 0.29 fg 0.20 be 0.727 f-k 0.747 fg 3.85¢cd 6.975 abc 38.75e 67.50 bede 0.142bcd  1.350b-g 4.18a-e 0.505abc 5.74 bc 5009.5 abc

C2 3.50 c-g 29.25 def 52.00 be 0.295¢ 0.29b 0.725g-k ~ 0.800d-g 3.72de 6.250 bcd 45.25 de 63.25 cde 0.120d 1.60 abc 3.67fj  0.447c-f 5.22 def 5330.7 ab

C3 3.47 c-h 29.00 def 56.50 ab 0.3075 fg 0.28 bed 0.720 h-k ~ 0.950 cde 4.10 abc 5.725 cd 49.50 cd 57.25 de 0.150 ab 1500a-e 4.25a-d 0.495a-d 6.02 ab 3653.7 c-f
13B3

C1 3.77 bed 28.5 efg 27.00 ij 0.35 a-e 0.29 bc 0.757 e-i 0.950 cde 3.90 cd 7.125 ab 44.75 de 63.25 cde 0.132 bed 115049 3.50 -l 0.562 a 472 -l 4496.8 a-e

C2 3.85bc 29.00 def 26.00 j 0.33 b-f 0.28 bc 0.742 e-k 0.975 b-e 3.85cd 6.100 bcd 42.25 de 66.50 b-e 0.122 cd 1.350 b-g 3.82c-h 0.517 abc 5.10 d-h 4924.1 a-d

C3 3.95ab 29.00 def 27.50 hij 0.3275c-g 0.2850 bc 0.742 e-k 0.975 b-e 3.90 cd 6.450 bcd 45.75 de 64.00 cde 0.127 bed 1.200 fg 3.75d-i 0.530 ab 4.85¢e- 3630.7 c-f

S e g 6lo sla . Sibe (B3) mails 500 (B2) Ve aygs (BL) #Y ay50 (C3) L5103, (C2) (ST o3, (CL) 55 o8, (13) Jboy 55kl dl2) (os orzy95 IY+ al o 0 (o)Ll adad «(I1) 2alS VY- al> o o (5 Lol adad

R TRV ST o NPT IS CRU AP NSV ) L ES PN S
Withholding irrigation from 30% flowering stage (11) Withholding irrigation from 30% pod forming stage (12), Normal irrigation. (13). Neptun (C1), Octane (C2), Okapi (C3). Azotobacter
chroococcum 63 (B1), Azotobacter chroococcum 70 (B2), No Azotobacter (B3). Means with the same letter(s) in the same column are not significantly different at 5% of probability level.
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