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Application of Azotobacter as a substitute or suitable companion of nitrogen 

chemical fertilizer with higher efficiency of inputs in safflower plant as a plant 

adapted to different climates is one of the sustainable agricultural strategies. 

Therefore, in order to study the effects of Azotobacter chroococcum and nitrogen 

fertilizer on nitrogen uptake, grain nitrogen and straw, nitrogen efficiency indices 

and grain yield of six safflower genotypes under rainfed conditions, a factorial 

experiment has been conducted based on a randomized complete block design 

with three replications in during growing season of 2015-2016 and 2016-2017 at 

the Agricultural Research Station Sarableh in Ilam Province. Experimental factors 

inoculate a combination of seed inoculation with Azotobacter chroococcum with 

urea chemical fertilizer application at four levels (non-inoculated with Azotobacter 

chroococcum and urea as control, seed inoculation with Azotobacter, inoculation 

with Azotobacter chroococcum + 50 Percent N from urea, and inoculation with 

Azotobacter chroococcum + 100% N from Urea) and six genotypes of safflower. 

The combined analysis of variance for two years show that the main effects of 

nitrogen source and genotype and also year× nitrogen source have had significant 

effect on all of the measured traits and nitrogen efficiency indices. The results 

from comparison of means show that inoculation treatment with Azotobacter 

chroococcum + 50% nitrogen fertilizer had higher Nitrogen use efficiencythan 

100% nitrogen fertilizer use, with no significant difference in grain yield between 

the two treatments. Sina genotype with the highest grain yield and nitrogen use 

efficiency, compared to other genotypes, is more desirable for cultivation in 

rainfed conditions of the region. 
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�b�  92  003/0  06/0  23/15  4970  54/9  002/0  43/2  03/1  
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Y1 × N1  h 28/0  f 24/2  e 6/24  d 885  e 09/81  e 48/0  a 39/36  bc 46/17  

Y1 × N2  g 31/0  d 64/2  d 29/33  c 1029  d 24/82  a 69/0  a 50/31  a 3/20  

Y1 × N3  e 39/0  c 21/3  c 50/49  a 1259  c 78/82  bc 61/0  e 25/26  d 53/15  

Y1 × N4  b 63/0  a 51/3  a 55/60  a 1272  a 39/74  d 54/0  g 71/21  f 36/11  

Y2 × N1  f 35/0  e 37/2  e 59/26  d 754  e 80/76  d 52/0  b 63/32  c 84/16  

Y2 × N2  d 42/0  d 74/2  d 55/32  d 907  d 86/76  ab 64/0  d 10/28  b 90/17  

Y2 × N3  c 53/0  b 35/3  e 85/47  bc 1085  e 53/76  c 58/0  f 14/23  e 38/13  

Y2 × N4  a 68/0  b 38/3  b 33/53  b 1120  e 38/71  e 47/0  g 36/21  g 00/10  

�.l
 B���� (;��
 B��/ �; �
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  *�A�/� ab� %� O%��5  G@��� �
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 Y1 �Y2 (; [C\ F����  �!�%	 O��95-1394  �96-1395.  

  N0 �N1 �N2  �N3 (;  +��:�;
�	� �; a�� � ���:�;
�	� �; a�� � �a�� � ��-; � �
: B�C
 �-! F����50  � �<����� ����A�E �
: -W%�100 �<����� ����A�E �
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��%�A��  D : � ��: �<����� )%(  (��� �<����� )%(  ���& [: �<����� =>? )Kg.ha-1(  �<����� [�-d� ���%�: )Kg.ha-1(  

N0 × G1  l 305/0  n 07/2  h 3/21  a 55/37  
N0 × G2  kl 31/0  n 14/2  h 41/22  b 94/35  
N0 × G3 m 256/0  n 22/2  h 77/27  ab 91/36  
N0 × G4 j-l 333/0  m41/2  g 77/27  c 07/33  
N0 × G5 i-k 345/0  m47/2  g 87/28  cd 03/32  
N0 × G6 ij 356/0  m 52/2  g 1/31  d 58/31  
N1 × G1 j-l 320/0  m 59/2  g 08/28  de 01/31  
N1 × G2 j-l 331/0  m 47/2  g 08/27  cd93/31  
N1× G3 i-k 346/0  kl 68/2  g 63/30  fe 13/30  
N1 × G4 hi 38/0  jk 78/2  f 47/35  fe 96/28  
N1 × G5 gh 395/0  jk 79/2  f 55/36  gh 75/28  
N1 × G6 f 436/0  jk 82/2  ef 77/39  g-i 04/28  
N2 × G1 hi 381/0  h-j 91/2  f 18/36  h-j 54/27  
N2 × G2 g 428/0  i-k 88/2  ef 62/39  ij 92/26  
N2 × G3 f-h 410/0  f-h 09/3  e 85/43  j 25/26  
N2 × G4 e 486/0  de 38/3  d 77/52  k 95/23  
N2 × G5 e 518/0  bc 67/3  c 4/57  lm 01/22  
N2 × G6 d 57/0  ab 74/3  b 25/62  m 49/21  
N3 × G1 d 575/0  g 14/3  e 46/43  kl 14/23  
N3 × G2 d 573/0  g-i 07/3  e 52/43  k 49/23  
N3 × G3 d 570/0  ef 27/3  d 35/51  kl 18/23  
N3 × G4 c 675/0  cd 52/3  b 19/62  mn 98/20  
N3 × G5 b 725/0  ab 75/3  b 8/64  no 73/19  
N3 × G6 a 823/0  a 92/3  a 26/76  o 67/18  
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3 .3 ������� "����� ���� .  

L��; G�����
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 �(50  -W%�
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(; D��
	� i���� (; (?
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 � ���
�� (; G�.c �
 �Q�  %� �<����� =>? G���# ���%�: $ ! -�%

�<����� ����A�E �
: [
�: ��;%�: V���E  ��;%�: ��RS� $�� O-�4
� K�� & (��� ��@ A! %� ���k� 	� �E�� O���	 -/ ��

�
 �\�C
 �<�����  (:) -E�;(; L���,
 %
Z  ��;%�: D��H\� �; (c�&� (h��� %� .($�� %�>&��RS� X�� 	� �<����� =>? %�

$\�� D��H\� L�� V���E %� ��@ A! �<����� ����A�E �
: [
�:� �
� ���& �����
�  �<����� =>? %�L� ����%  %� D��H\� �;

 �
: B�C
 ��H�
�A� L� K�� & %� L�� V���E $�� �<����� ����A�E �
: [
�: ��;%�: $���/ %� �-E�;  �; ����%

 ��l4�b
 ���; %� �<����� �\�C
 �
: ��;%�: D��H\� �; �<����� =>? ���%�: ��H�
 %� D��: .$,�� �� B�C


) $�� �-E n%�H&Haile et al., 2012U��
�< G�; G�����
 (,���
 .(  ��� ���� L�� V���E %� K�� & ��%�;�%

 O��

D�;  G�����
 �; �<����� =>? ���%�: G���710/0 ��&
 �:  *�-?) �
; �.�� U��
�< (; v l�
 ��&
 �: �;4 (; (?
� �; .(

G��  �<����� [: =>? � �<����� -W%� 	� �.�� U��
�< (:D�; ��� OU��
�< ���� �; (,���
 %  %��%
��; L�� V���E %� ��

 ��
;J�; �$�����%�: [;�M U��
�< G�� %� �<����� =>? .$�� (�?
�  

  

3 .5 .���
��  ������� =�*>�  

G�����
 (,���
 L��; O�� �<����� gd.
 D.:× D�; $��� Tq�
 U��
�< L: � G���  (; �<����� [�-d� ���%�: G���

 �-! O��%�A�� U��
�< � �
: B�C
312-S6-692 L: �$E�� {�C���  %�A�� (; �<����� [�-d� ���%�: T��E ��H�
 G���

 ��;%�:100 L�  ��
; v l�
 �.�� U��
�< %� �<����� ����A�E �
: -W%�  �<����� gd.
 Y
b� �
�A� %� �.�� U��
�< G�.c



0+�-1�� <=�� �:� �+�7�- ��>89
� +� ,��8�? �:� @�
�A /B, CD,�
 E1�;� F��G�  ��>89
� +� �
�-H �-I  1157 

L:  *�-?) $E�� �% �<����� [�-d� ���%�: G���5 (?
� �; .((; L�� V���E %� ( W�/ i���� (; �
 �Q�  [�-d� ���%�: T��E -�%

(; �<����� U��
�< (��� ��@ A! 	� �l;�� L���,
 %
Z �
 K�� & O��  %�-�
 �<����� �
: ��;%�: D��H\� �; D��
	� G�� %� .-E�;

(; .$\�� D��: T��E G�� 
 (; (��� -�4
� $d,� �<����� B�C
 D��H\� �; ����� �%�d!$\�; %� �<����� O�
��
 ��H�  O��

�
 �% D��: G�� (: �$\�� D��: ����& (; ��
�  (��� ��@ A! �
dI; � �<����� B�C
 D��H\� G�; �b���u (b;�% �
?� [�4�

$,��� Vd��
 .Ahmadi et al. )2018 (: $\�� D��: �<����� [�-d� ���%�: ��<����� ��;%�: D��H\� �; -���� n%�H& (

i���� �; L� D��
	� G�� [W�/ �<����� B�C
 ���%�: T��E (: $�� �:w (; �	J .$E�� ���
�  ���%�: T��E =�o

��I; �
 �<����� =>? ���%�: � �<����� O%�  �H?� G�� 	� �@� %� D��H\� �>4 .-�%�� ���-@� �; (�	�

 $4�/ �H?� G�� .-E�;

) -E -��
� ���A� ���� �H? %� D��: �;Koocheki, 2017U��
�< D��
	� L�� V���E %� G���;�.; .(  312-S6-692 

D�; L: � [�-d� ���%�: G���  .��� {�C��� �
� (; �% =>? ���%�: G���  

  
 M9�N6<=�� 9 &��A �7 >89
��� [3N Q!��� QW�7 9 &�7 >89
���  
1 ��`� #�
C� R�2���� !P-�"�  .  ��:�-�+�7 >89
���  

  

D
 :

 � 
��:

 �
<�

��
��

 )
%(  

(��
� �

<�
��

��
 )

%(  ���
& 

[
: 

�<
��

���
 =

>?
 )

%(  

(��
� �

�@
 A

!
 )

k
g

.k
g

-1
(  

�<
��

���
 $

E�
��

; T
��

E
 )

%(  

�<
��

���
 =

>?
 �

��%
�:

 )
k

g
.k

g
-1

(  

�<
��

���
 [

�-
d� 

�
��%

�:
 )

k
g

.k
g

-1
(  

�<
��

���
 B

�C

 �

��%
�:

 )
k

g
.k

g
-1

(  

�<����� gd.
                  

(-��E) �
: B�C
 �-!  c 31/0  c21/2  b 62/25  b 867  ab 95/76  b 50/0  a 51/34  b 15/17  

��:�;
�	�  c 36/0  b 69/2  b 92/32  b 968  a 55/79 a 64/0  b 80/29  a 10/19  

 +��:�;
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: -W%�  b 46/0  a 28/3  a 67/48  a 1172  a 65/79 ab 60/0  c 69/24  c 45/14  
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PI-401478 d 41/0  d 64/2  e 15/33  d 938  b 34/76 e 45/0  57/29 c  d 78/13  

PI-253895  e 39/0  e 82/2  d 01/37  c 1012  a 50/79 d 51/0  12/29 a  c 72/14  

PI-306974  c 46/0  b 02/3  c 54/44  b 1120  ab 07/78 c 61/0  74/26 b  b 27/16  
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