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Abstract  
Arbuscular mycorrhiza fungi (AMF) reduce the effects of drought stress by altering some root properties and absorbing nutrients 
and water in plants. In order to evaluate the effect of AMF on some characteristics of spring safflower (Carthamus tinctorius L.-cv. 
Sofeh) under water-deficit condition, this experiment has been carried out at research farm of the Azarbaijan Shahid Madani University, 
Tabriz in 2018. The experiment is done as a split plot in a completely randomized blocks design with three replications. The results show 
that the highest petal yield under non-water stress is 281.6 kg/ha and the lowest stress from flowering stage to 197.3 kg/ha. In 
the control, the highest content of seed oil is 30.65% related to the seed inoculated with AMF. The highest oil yield is 
obtained from the condition without stress with 1098.9 kg/ha, also in seed inoculated with fungus of 1107.8 kg/ha. The 
highest seed yield (4884.4 kg/ha) is obtained in the condition without water stress and inoculation of seeds and soil with 
AMF. In general, water stress leads to reduced yield and inoculation with AMF, especially inoculation of seeds and soil, yield 
of plants under water stress due to the positive effect on growth improve nutrition and water uptake. Plants inoculated with 
AMF display improved growth, yield and oil content under water stress conditions than non-inoculated plants. 
 
Keywords: Mycorrhiza fungus, oil content, safflower, water-deficiency, yield. 
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���� �!� �� &O��� n��=
�Q��6 ���A. wD �� )�6� &F�=� ��� 
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���. 

��Q?� T-!� �� &F�F �'
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& ! :?��I ���� >J�/. 

�O�
 �� ��P���T ���� �� &# y!� T���� �� ch6 ��UQY� 
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l#�	�  ������  
&+��   

����.  

T�P����  �k#��  

�h�   

�V�  

���k� �V�   

�� &��#  

t�=���   

���/  

0�!   

&�������  

���:U,   

&���  

���:U,   

�Q�
�  

~"�A   

>A���#  

�����  2  ns150/0  ns59/28  ns54/1 ns60/2 ns3/250150 ns4/2167665 ns55/40 

2	� <3 #.�  2  *73/7  **89/31  ns940/0  **83/8 **2/1415862 *9/11221838 ns22/23 

��h" �:$�  4  88/1  03/15  88/4  42/6 7/112053 4/3170897 45/24 

��
���
�� �8���#�.  2  *05/4  ns25/7  ns29/7  *72/4 **2/1366301 **2/26515696 ns437/0 
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���
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E
�q  ������ )%(    65/4  88/12  02/4  45/3  32/10  23/11  24/13  

ns$ * � **: �� W*�+� 4&@  X)� �(� �  X)� �(� �� YU' M�	�-( 5 �1 &���  

M�&N 3. 1*[H�*� T(+7( K:E� ���*�> +� T��� �)��U���%� GH+?I  
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  T�P����  �=$  

<3 #.�  �h� �V� )mm(  ���k� �V� �� &��#  0�! &������� )g(  ���:U, �Q�
� )kg.ha-1(  

0!�# 2	�  a 69/26  a22/47  a50/28  a6/16251  
2	� <3 #.� �� &:Y�� ���:/  b25/25  b77/37  a52/26  a 14024  
2	� <3 #.� &:Y���� 0�A�D &���  b97/24  b22/36  a41/27  a 7/15000  

\�+- P+�!� �� +� �%�' ��!H �&X�� 4&@  X)���(� 1*� ����	*� ]�'(+� �%�B> 1;H(�  �&
��.  
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M�&N 4. �1*[H�* T(+7( 9��/ (<:�%;:�� �=%;
��> +� T��� �)��U���%� GH+?I  

    T�P����  �=$    


��� ��
���
�� �8���#�.  �h� �V� )mm(  ���k� �V� �� &��#  0�! &������� )g(  ���:U, �Q�
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���  a40/26  a55/40  a 23/28  a9/16904  

\�+- P+�!� �� +� �%�' ��!H �&X�� 4&@  X)���(� 1*� ����	*� ]�'(+� �%�B> 1;H(�  �&
��. 

  

3. 4. ����"# ��
�  

S
�Q� ���&
 ��!w��
 ��'� ��� &3 �1� <3 #.� ! 
��� 

��
���
�� �8���#�. �� ch6 ��UQY� ^
 �$�� ��17� 

	k�� ���� �# ���:U, &��� .�	QA�� <� T�	b �#<� 2	3 �1� 

<3 #.� ! 
��� ��
���
�� �8���#�. �# �T
 >=$ 	k�� ��� 

�A )�!�+ 2.( �O� ��
 �T�P��� 0�'� ��� �� G�h6 

0!�# 2	� 2�# ��T
 �0��� ���:U, (&��� &# 0���� 4/4887 

3�:� X�/ �� (��Q�� a�#�� &# ���U� �*# ! H�" �# 
��� 

��# ! <3 ��T
 �0��� ���:U, &��� &# 0���� 3/3933 

3X�/�:� �� ��Q�� a�#�� &# ���A .��# �� G�h6 2	� �� 

&:Y�� ��:/� 2�# ��T
 �0��� 7/3900 3X�/�:� a�#�� &# 

���U� �*# ! H�" �# 
��� ! <3 ��T
 �0��� ���:U, &��� 

9/3265 3X�/�:� a�#�� &# ���A .��# �� ��A@
 2	� �� 

&:Y�� 0�A�D &��� 2�# ��T
 ! <3 ��T
 �0��� ���:U, &��� 

&# E���� a�#�� &# ���U� �*# ! H�" �# 
��� ! 0!�# ���U� 

&# 0���� 5/4501 ! 6/3752 3�:� X�/ �� ��Q�� &# >6� 

��. )I�A 1.( m�6��# �Q�
S Joshan et al. )2019( 

�� 0��� >=/ 3(& &b�� 0��� ��U,� 2	� '"�� &# 

&:Y�� '���I �V� �� ���^
 �� (�A�# �1� 0. �# ���k� �V� 

! >
�;��� �# :U,��� &��� 2�# �� ����" �A. ��U,� 2	� 

'"�� wD �� &:Y�� '���I �V� ��� F!��& o,�# 32�� 

���k� �V� ��� ���1
& ! iF�1�& �� (��A 3& �
T �V� �� �� 

�O�
&� �# �V� ��� F!��& ��Uk� �h� <3 ��� �����. �Q�
S 

2�!gD Safari & Azadikhah )2019( 0�'� ��� 3& 

s�%� 
��� ��� ��
���
�� �8���#�. &b �� ��A
@ 

)�:h� ! &b �� ��A
@ (2	� o,�# ��J�
2 :U,��� ! 

��+�� :U,��� �� �O�
&� �# ������U� &#�'� ! X�, 

���=Q6� �� 
��� ��� ��
���
�� �8���#�. �� ��A. c�O:� 


��� ��
���
�� �8���#�. �� &�
�O� �# >F�Y X�, c�O:� 


��� ��
���
�� �8���#�.( o,�# 2
��J� ��+�� ���:U, 

&��� ��A &3 �� >
�;� ��	� &# 2
��J� ���:U, &��� �A. 

I�F� T
� ��� T�U� >6� &# ���" ��17� 
���  ��
���
�� 

�8���#�. �# )*+ (�=�J �U, 2�# �� (���/ 2
��J� 

ch6 W�# ! ��� ��V;# 0���� �Q	6�QJ &# &h6�! I�J!�:3 

2�# �� �A�# )Habibzadeh et al., 2013.(  

  

3. 5. ����"# &$(6�  

S
�Q� ���&
 ��!w��
 0�'� ��� &3 �1� <3 #.� �� ch6 

��UQY� S	D �$�� ! 
��� ��
���
�� �8���#�. �� ch6 

��UQY� ^
 �$��  ��17�	k�� ���� �# ���:U, �Q�
� 

�	QA��( ��� �1� �# <� 2	3 <3 #.� ! 
��� ��
���
�� 

�8���#�. ��17� 	k�� ���� �# �T
 >=$ >A��� )�!�+ 

2.( �O� ��
 �T�P��� n�<
 #.���� 0�'� ��� &3 2�# ��T
 

! <3 ��T
 ���:U, ��Q�
 �� 0��� 0!�# 2	� (���A) ! 

2	� �� 0��� ��:/� {�=�� ��QJ� �!�+) 3.( <�  T�	b�� 

�O� ��
 �T�P��� 
��� ��
���
�� �8���#�. 2�# ��T
 ! 

<3 ��T
 ���:U, �� ��U�� �*# ! H�" �# 
��� ! 0!�# 

���U� �� ��� )�!�+ 4.(  
  

  



���� $�%#&'( )'*& �+,- $ �(*�.�+ /���  �%�0��$ 1	2� ��3'�# 45'( 

  

 ����24 �  ���	
2 �  ���
���1401 

386

  

  

  

  

  
  

_;
 1. ����
: �1*[H�* +7( _����� 9��/ (<:�%;:�� �=%;
��> � QX� KL �>  +� �+;?	@ �H(�.  

)1*[H�*� :�� �L \�+- P+�!� $&H�(� �� K� \5�A(  X)��(� ����> ]�'(+� �%�B> 1;H(� &H�(&H.( 

  

>:, >J� ���:U, �Q�
� �� G�h6 ��� 2	� <3 #.(� 

A��� �� 2��3 0�! ^'" 2j# ��� !��'
 ! ���'
 

&# &h6�! ��J�2
 >#��� ��#� )*+ ). ! ���� �*-�
 

�� �A�# ! O:�c� �# 
��� ��
���
�� �8���#�. o,�# 

��J�2
 ���:U, �Q�
� �� ���U�  �*# ! H�" �# 
��� ! 

���U� �*# �# 
��� >V�� &# ���A �A wD O:�c� /0���� �# 


��� ��
���
�� �8���#�. o,�# 2
��J� )*+ �$�	, 

���� �
�*- ! EV6 2
��J� �A� �'
!� ! �� &��Q� 

<���J ���6 0���� ��;# �����# �Q;# �� ��� ! �Q	6�QJ ! 

��F�� 2�# �� ���� ^'" >V�� &# /0���� c�O:� ��'� 

�� ��A. F�I� ��J�2
 ���:U, #^
n�F�� �� �1� ���=Q6� �� 

��
���
�� �8���#�.( ��V;# >�=�3 (H�" 2
��J� >�:#�� 

�6�Q6� &'
� ���/ &# �$�	, �
�*- @6�� 

<����/��!���� ��� H�" 0��# ��A >6� )Tinca et al., 

2007.( �Q�S
 &kF�h� Yaghoubian et al. )2012( !�� 

O:�c� X�	/ >?� ��17� =:��O� �� &��/ ��� x:Qj� 
��� 

��
���
�� �� G�h6 x:Qj� 2	� �'"� 0�'� ��� &3 

<� ��Q�
 ���
���
�� )Glomuss mossea( �� ��A@
 

)�:h� Q#���� ! 2	� �'"� �� ����� ���:U, �Q�
� 

X�	/ �� ��J�2
 .��� 

  

3. 6. 
��� +�,  

S
�Q� ���&
 ��!w��
 0�'� ��� �1� <3 #.� ! 
��� 

��
���
�� �8���#�. �� ch6 ��UQY� ^
 �$�� ��17� 

	k�� ���� �# ���� W�# �	QA�� ! <��# 2	3 �1� <3 #.� ! 


��� ��
���
�� �8���#�. ��17� 	k�� ���� �# ���� W�# 

>A��� )�!�+ 5.( �O� ��
 �T�P��� 0�'� ��� �� 2	� 

<3 #.� �� &:Y�� ��:/� 2�# ��T
 ���� W�# 08/34 

&+�� Q��6� ���/ ! <3 ��T
 0. �� G�h6 0!�# 2	� 

(���A) &# 0���� 9/28 &+�� Q��6� ���/ ����'� �A 

�!�+) 6.( <� T�	b �� �O� ��
 �T�P��� 
��� ��
���
�� 

�8���#�. 2�# ��T
 ! <3 ��T
 �0��� ���� W�# &# E���� 

�� ���U� �*# �# 
��� ! ���U� �*# ! H�" �# 
��� &# 0���� 

65/31 ! 97/30 &+�� Q��6� ���/ ����'� �A )�!�+ 7.( 

b b

a

a
a

a b

ab a

0

2000

4000

6000

c�
O:�

 X�
,


�
�� 

�# 
�*

# c
�O:

�


�
�� 

�# 
H

�"
 !

 �*
# c

�O:
�

c�
O:�

 X�
,


�
�� 

�# 
�*

# c
�O:

�


�
�� 

�# 
H

�"
 !

 �*
# c

�O:
�

c�
O:�

 X�
,


�
�� 

�# 
�*

# c
�O:

�


�
�� 

�# 
H

�"
 !

 �*
# c

�O:
�

2	� 0!�# ���:/ &:Y�� �� 2	� &��� 0�A �D &:Y�� �� 2	�

 �
H(�

 �+
;?

	@
)

k
g

.h
a

-1
(



78�*+ 9��/ ��:�%;:(< �=%;
��>   ��� �+;?	@ � A+�  B(   CA�
 ��� D*<:E%�%:F GH+?I �� (+
:J  KL �>  

  

 ����24 �  ���	
2 �  ���
���1401  
387

���=Q6� �� S	6��� 0!��� ���� ���#� ���=� �� ~�j'� 2	� 

�#. ����! &# ���/ >6�. &#  ��V, (�P
� ���� W�# �� �� 0��� 

&# ~"�A ��� ��
n�F�
��J �	�k� >V�� ��� ! &# ��� 

<�OQ����- >�kq! �#. ���/ �� ��!.�# ��3. �;
�# >6� 

&b��  �A 2	� <3 #.� 2�# �� (�A�# sCQ"� ���� ��� ! 

W�# ��� 2�# ����"�� ��# )Aziz et al., 2018.(  ������ 

���� p�� 2A�D /�#� �#  �A 2	� �'"� PQ�VU�� 

&QA�� ! �# 2��3 ). I#�� ���=Q6� (H�" ���QDI� ). /��� ! 

�� Q�&�� {�k� (W�# ���� p�� 2A�D /�#� ��J�2
 �� �#�
. 

<� T�	b ���� p�� 2A�D /�#� �# ��Q?�� V��� ). W�# 

PQ�VU�� &QA�� ! �# 2��3 0. ��J�2
 �� �#�
 )Kumar & 

Sharma, 2010.( �� ���.�'
 ���� W�# >=$ V6�	�� �� 

�/2	
 ���n�� ��� ���;# IU?Q� &# �'"� 9��:/ ���# 

>6� )Pasban Eslam, 2011.(  

  

M�&N 5. <R��: �(�SH�: T��� �)��U���%� ��� GH+?I ���2� �� (+
J: KL �>  �� �+���L 9��/ ��(<:�%;: �=%;
��>  

l#�	�  ������  &+�� ����.  
T�P����  �k#��  

���� W�#  ���Q?� �V�� ). W�#  ���:U, W�V:/  �$�� T-!�  ���:U, T-!�  

�����  2  *11/6  ns0004/0  ns5/1002 ns49/2  ns5/3557  

2	�<3 #.�  2  **0/78  *0134/0  **3/18378  **53/40  **53/40  

��h" �:$�  4  66/1  0013/0  8/971  87/7  7/325668  

��
���
�� �8���#�.  2  **4/11  ns007/0  *5/6898  **58/56  **3/201739  
2	� <3 #.�× ��
���
�� �8���#�.  4  ns00/1  ns0012/0  ns6/1179  *79/9  ns9/5107  

��h" �,�J  12  921/0  0025/0  8/597  86/1  8/14462  

E
�q  ������ )%(  -  12/3  08/7  82/9  58/5  09/12  
ns$ * � **: �� W*�+� 4&@  X)� �(� �  X)� �(� �� YU' M�	�-( 5 � 1 &���. 

  

M�&N 6. 1*[H�*� T(+7( K:E� ���*�> +� T��� �)��U���%� GH+?I  
    T�P����  �=$  

<3 #.�  
~"�A >A���# 

)%(  
���:U, W�V:/ 

)kg.h-1(  
t�=��� ���/   

)cm(  
���� W�#   
)◦C(  

���Q?� �V�� ). W�#   
)%(  

���:U, T-!�   
)kg.ha1(  

0!�# 2	� <3 #.�  a44/26  a6/281  a46/76  b90/28  a74  a9/1098  

2	� <3 #.� �� &:Y�� ���:/  a02/26  b3/197  a94/74  a08/34  b67  b4/792  

2	� <3 #.� &:Y���� 0�A�D &���  a 99/28  a  6/267  a74  b08/29  a71  a 4/1091  
\�+- P+�!� �� +� �%�' ��!H �&X�� 4&@  X)���(� 1*� ����	*� ]�'(+� �%�B> 1;H(�  �&
��. 

  
M�&N 7. �1*[H�* T(+7( 9��/ ��(<:�%;: �=%;
��> +� T��� �)��U���%� GH+?I  

  T�P����  �=$  


��� ��
���
�� �8���#�.  
~"�A >A���#   

)%(  

���:U, W�V:/   

)kg.ha-1(  

t�=��� ���/   

)cm(  

���� W�#   

)◦C(  

���Q?� �V�� ). W�#  

)%(  

���:U, T-!�   

)kg.ha-1(  

X�, c�O:�  a30/27  c5/220  a16/74  b45/29  b68  b59/824  

c�O:� �*# �# 
���  a25/27  b1/250  a30/75  a65/31  ab70  a8/1107  
c�O:� �*# ! H�" �# 
���  a90/26  a8/275  a94/75  a97/30  a74  a3/1050  

\�+- P+�!� �� +� �%�' ��!H�&X�� 4&@  X)���(� 1*� ����	*� ]�'(+� �%�B> 1;H(�  �&
��. 



���� $�%#&'( )'*& �+,- $ �(*�.�+ /���  �%�0��$ 1	2� ��3'�# 45'( 

  

 ����24 �  ���	
2 �  ���
���1401 

388

  

  

3. 7. ����"# +�'��  

&
��� ��!w��
 0�'� ��� �1� 2	� <3 #.� �� ch6 ��UQY� 

^
 �$�� ! 
��� ��
���
�� �8���#�. �� ch6 ��UQY� 

S	D �$�� ��17� 	k�� ���� �# ���:U, W�V:/ �	QA�� ! 

<��# 2	3 �1� 2	� <3 #.� ! 
��� ��
���
�� �8���#�. 

��17� 	k�� ���� �# �T
 >=$ >A��� )�!�+ 5.( 

�O� ��
 �T�P��� 0�'� ��� &3 �� ��A@
 X�, 2	� <3 #.� 

2�# ��T
 �0��� ���:U, W�V:/ &# 0���� 6/281 3X�/�:� 

�� ��Q�� ! <3 ��T
 �0��� ���:U, W�V:/ a�#�� &# 2	� 

�� &:Y�� ��:/� &# 0���� 3/197 3X�/�:� �� ��Q�� ��# 

�!�+) 6.( <� T�	b m�6��# �O� ��
 �T�P��� 2�# ��T
 

���:U, W�V:/ �� O:�c� �*# ! H�" �# 
��� ��
���
�� 

�8���#�. ! <3 ��T
 �� ���A &# >6� ��. �!�+) 7.( 

�� G�h6 n�<
 #.���� 2	� �� &:Y�� ��:/� 2�# ��T
 

2��3 ���:U, W�V:/ ����'� �A( �
�� �� /��� 9��:/ 

wD �� X���� ���/ ���'J� W�V:/�� &# S
��� 6CD��� ��A 

! 'j#� �� 0. �� ��b� �
y� �� ���A 3& E+�� 32�� 

:U,��� W�V:/�� ����A wD �� 0��� 0��	, ��3 &3 

���=Q6� �� ���U� �*# ! H�" �# 
��� �� G�h6 n�<
 

#.���� ! 
��� ��
���
�� �8���#�. o,�# ��J�2
 

���:U, W�V:/ �A.  �kF�h� 0�'� ���� 3& ��0�� :U,��� 

W�V:/ PQ�VU�� >Vi� �# ���k� �V� �� &��# ! ���k� &��� 

�� �V� ���� )2004 Khajehpour, & Dadashi.( 

  

3. 8. �
�$%� &'(� )* +�, )RWC(  
&
��� ��!w��
 0�'� ��� �1� <3 #.� �� ch6 ��UQY� S	D 

�$�� ��17� 	k�� ���� �# ��Q?�� V��� ). W�# >A��( 

��� 
��� ��
���
�� �8���#�. ! <��# 2	3 �1� 2	� 

<3 #.� ! 
��� ��
���
�� �8���#�. ��17� 	k�� ���� �# 

��Q?�� V��� ). W�# >A��� )�!�+ 5.( �O� ��
 

�T�P��� 0�'� �� ��� &3 �� ch6 ���A #.���� ����� 

2�# ��T
 ���O� ). V��� W�# &# 0���� 75 �$�� ��# 

<� T�	b �� ��U�� 
��� ��
���
�� �8���#�. 2�# ��T
 ! 

<3 ��T
 ���O� ). V��� W�# &# E���� �� ���U� �*# ! 

H�" �# 
��� ! 0!�# ���U� &# ���O� 74  ! 68 �$�� ��# 

)�!�+ 7.( kq!�> E6�	� <�� &=$ �� �5� ��Q?�� 

V��� >#��� W�# �� ��A
@ #.���� )�:h� ! 2	� 

C�
< �� �� 0��� &# ������
 �
T <�� �� )*+ ). 

)Kumar & Sharma, 2010( ! �D�
T 0��#  �=:� ). �� 

��
� &��!� �� >V�� ��� )Zhang et al., 2008.( kF�h�&  

&3 !�� ���n�� ��� 9��:/ �� ��A@
 ��,� ! 2	� 

�'"� �". I%J :���U� 0�;=$� X���� ����� y���/ 

����3 &3 �!�# �'"� �� IY��� I/ ��� ! 0�A�D &��� 

o,�# 2��3 	k�� ��� ���Q?� V��� ). W�# �A ! <�� 

&=$ ���:U, 2�# ��� �� ��" 0�'� ��� )Shiresmaeili 

et al., 2018.( S
�Q�  �kF�h� X���� ��A 0�'� �� ��� &3 


��� �� ��
���
�� �8���#�. �� ��!� 2	� ��'" �# 

2
��J� I����QD ). W�# ! ��� 2
��J� 0���� )*+ ). 

�� �Y�! 0��� ! �� �Y�! ��� &'
� ���/ 0�#��� ���� 

�	Q�� ����1� 2	� ��'" �� ���/ �� 2��3 �	�� 

)Brantley et al., 2017.( 

  

3. 9. � �� 01��  

S
�Q� ���&
 ��!w��
 0�'� ��� �1� <3 #.� ! 
��� 

��
���
�� �8���#�. �� ch6 ��UQY� ^
 �$�� ��17� 

	k�� ���� �# �$�� T-!� (���� ! <� T�	b �1� <��# 2	3 

<3 #.� ! 
��� ��
���
�� �8���#�. �� ch6 ��UQY� S	D 

�$�� 	k�� ��� ��# �!�+) 5.( �O� ��
 �T�P��� 0�'� 

��� &3 �� G�h6 0!�# 2	� <3 #.� 2�# ��T
 �$�� 

T-!� &��� a�#�� &# ���=Q6� �� ��U�� �*# �# 
��� �� �A�# 

! <3 ��T
 0���� �$�� T-!� &��� a�#�� &# 0!�# ��U�� 

�� �A�#. <� T�	b �O� ��
 �T�P��� 0�'� ��� ��U,� 2	� 



78�*+ 9��/ ��:�%;:(< �=%;
��>   ��� �+;?	@ � A+�  B(   CA�
 ��� D*<:E%�%:F GH+?I �� (+
:J  KL �>  

  

 ����24 �  ���	
2 �  ���
���1401  
389

�� &:Y�� ��:/� �� �0��� �$�� T-!� >V�� &# �6�
 

G�h6 &Q6�3 ��A .>6� �# ��U,� 2	� <3 #.� ��� ��!� 

0�A�D &��� 2��3 ���D ���3 ! �# &+�� &# T
� &3 >"�6 

! ���"R ���6 T���!�D �� I
�!� ��!� 0�A�D &��� {�=�� 

�� (�QJ� �*F >$�J <3 ��� ���# �Q	6 T-!� &��� <���J ��A 

! �� &��Q� �$�� T-!� 2��3 ���D �� �	3 I�A) 2.( 

&kF�h� ��17� >Vi� 
��� ��
���
�� �8���#�. �� �
�� 

2
��J� )*+ ). ! �$�	, �
�*- EV6 2
��J� �Q	6�QJ 

��A ! T
� ��� ��" E+�� ��F��  C�U�6. 2�# �� ! 

��V;# �A� ��A >6� &3 �� >
�;� E+�� 2
��J� �$�� 

T-!� &��� ���/ >V�� &# ��U�� X�, O:�c� �# 
��� 

��
���
�� �8���#�. ��A .>6� 2��3 �$�� T-!� &��� 

�� �1� 2	� <3 #.� �� ����� &# >:, �CQ"� �� �	
��J��� 

F�#�Q���� �*# ! 6.E� &# ��OQ�� 6. C�U� �� &# &��� .�A�# 

�Q�S
 �T
 2�!gD �# �Q�S
 2�!gD .al et Raei )2015( 

>O#�h� ����. �$�� T-!�  ��V, >6� �� >V�� T-!� 

��+�� �� &��� &# I3 0�! &��� &3 I��A >6�D ! J�V� ��� 

�� �A�#. 0�b �� ��A@
 ��U,� (2	� I3 0�! &��� ��� 

2��3 �� �#�
 �T
 &Q�� o,�# �� ��A &3 �# ��+! 2��3 

�0��� T-!� (&��� �$�� T-!� &��� ����� ����
 &QA��� 

.�A�#  

  

3. 10. ����"# 01��  

S
�Q� ���&
 ��!w��
 0�'� �� ��� &3 �1� <3 #.� ! 
��� 

��
���
�� �8���#�. �� ch6 ��UQY� ^
 �$��  ��17�

	k�� ���� �# ���:U, T-!� (�	QA�� ��� �1� I#�OQ� <3 #.� 

! 
��� ��
���
�� �8���#�. �# �T
 >=$ 	k�� ��� �'� 

�!�+) 5.(  

  

  

_;
 2. �
:��� �1*[H�* +7( 9��/ (<:�%;:�� �=%;
��> +� &��� 1b�� �� c%U' d?�0� QX� KL  �>.  

)1*[H�*� :�� �L \�+- P+�!� $&H�(� �� K� \5�A(  X)��(� ����> ]�'(+� �%�B> 1;H(� &H�(&H.( 
  

  

  

  

  

  

  

  

  

  

b

a

b

b

a
ab

a

a

a

0

5

10

15

20

25

30

35

c�
O:�

 X�
,


�
�� 

�# 
�*

# c
�O:

�


�
�� 

�# 
H

�"
 !

 �*
# c

�O:
�

c�
O:�

 X�
,


�
�� 

�# 
�*

# c
�O:

�


�
�� 

�# 
H

�"
 !

 �*
#  

c�
O:�

c�
O:�

 0
!�

#


�
�� 

�# 
�*

# c
�O:

�


�
�� 

�# 
H

�"
 !

 �*
# c

�O:
�

 
 1

b�
�

)
%(



���� $�%#&'( )'*& �+,- $ �(*�.�+ /���  �%�0��$ 1	2� ��3'�# 45'( 

  

 ����24 �  ���	
2 �  ���
���1401 

390

  

�O� ��
 �T�P��� n�<
 <3 #.� 0�'� ��� &3 2�# ��T
 

���:U, T-!� �� ���U� ���A 0!�#) (2	� �# �T�P��� 

)9/1098( 3X�/�:� �� ��Q�� &# >6� ��. ! <3 ��T
 ���:U, 

T-!� �# ���O� )4/792( 3X�/�:� �� ��Q�� �� ���U� 2	� �� 

&:Y�� ��:/� &# >6� ��. �!�+) 6.( <� T�	b �� 

�O� ��
 �T�P��� 
��� ��
���
�� �8���#�. 2�# T
�� 

���:U, T-!� �� ���U� �*# �# 
��� �# �T�P��� )8/1107 

3X�/�:� �� (��Q�� ! <3 ��T
 ���:U, T-!� �� X�, c�O:� 

)6/824 X�/�:�3 �� ��Q��( &# >6� ��. �!�+) 7.( 2��3 

���:U, T-!� �� 2	� ���:/ &� �;	� &# I�F� 2��3 �$�� 

T-!� (&��� &�:# &# I�F� ��17� ��6 2	� ��VU3 ). �# 0�! 

&��� ! ���:U, &��� &3 �� >
�;� �# ���:U, T-!� ��17� 

�� (���*/ �� �A�#. �� &kF�h� Heshmati et al. )2017( �!� 

9��:/ 0��# ����3 �� @
��A 2	� �� &:Y�� �'
�� �� 

G�h6 x:Qj� ��3 �Q�
�  �=�J �!��#2 ��#��3 ��3 �=�J 

&# ��� �	k� ���� ���:U, T-!� �� �� &�
�O� �# ��U�� ���A 

)0!�# ��#��3 ��3 �=�J( 2
��J� ���. �� A���/� Joshan et 

al. )2019( #0�� �	QA�� ���:U, T-!� >?� ��17� 2	� 

�'"� ���� &QA��( &# ���� &3 2�# ��T
 ���:U, T-!� �� 

���U� #.���� I��3 ! <3 ��T
 ���:U, T-!� �� ���U� 2	� 

�A�
 �'"� I$�Y �A. >:, 2��3 ���:U, T-!� �� 

��A@
 2	� �'"(� 2��3 ���:U, &��� ! 2��3 �$�� 

T-!� .>6� �� &kF�h� Omidi )2009( �!�  �=$ <;� 

�,��� X���� 9��:/ (���;# <� �PQ�# >Vi� ! �	k� ���� T�# 

���:U, T-!� �# ���:U, &��� ����'� ���U� ! &��Q� ���/ 

����3 &3 �# 2
��J� ���:U, &��� �� (&��# ���:U, T-!� ��� 

2
��J� �� �#�
.  

 

4. �E�$� ����  

&# ����:3 &QJ�
��� I$�Y �� �T
 2�!gD 0�'� ��� &3 

2	� <3 #.� &# �g
! �� &:Y�� ��:/� ��	� &# 2��3 

���:U, 9��:/ �� �O�&�
 �# #.���� ����� �A( ��� c�O:� 

�# 
��� ��
���
�� �8���#�.( ���:U, /0���� >?� 

@
��A 0!�# 2	� ! 2	� <3 #.� �� &# &h6�! �1� >Vi� �� 

�	
��J �U�!�A� ! )*+ ���� �*-�
 ��V;#  ��'j#. O:�c� 

�*# ! H�" �# 
��� ��
���
�� �8���#�. !��  �=$ 

&kF�h����� 2�# ��T
 ��17� >Vi� �� >?� @
��A 0!�# 

2	� ! 2	� <3 #.� (>A�� &# ����&3 2	� <3 #.� �# 

 �=$ ���:U, ! ��+�� ���:U, �1� �=	� 	k�� ���� 

>A�� ! o,�# 2��3 0. �� �A. O:�c� �# 
��� ��
���
�� 

�8���#�. E+�� �A ���/ �� X�U� IY��� �A� &# �?� 

�#�:h� �# 2	� <3 #.� &:#�O� �	3 ! &# ���:U, ! ���+� 

���:U, <3 ��T
 E�6. ���! ��A. �# &+�� &# T
� &3 

2�# ��T
 >J� ���:U, &��� �� @
��A <3 #.� �� &:Y�� 

���:/ {�=�� ��QJ� ! T
� &:Y�� >V�� &# &:Y�� 0�A�D 

&��� >�6��Y 2�# ��� >V�� &# <3 #.� �����"�# 

�� (�A�# ��#�	#T
 T��7� ). J�3� �O:c� �*# ! H�" �# 


��� ��
���
�� �8���#�. �� �� �T
 (IY��� >;+ 

��%Y ���:U, I#�� ��V� �!�q� �� �A�#. 2	� <3 #.� 

�� ���
 2��3 ���:U, &��� ! �$�� T-!� o,�# 2��3 

���:U, T-!� �A( ��� O:�c� �*# ! H�" �# 
��� 

��
���
�� �8���#�. o,�# ��V;# �$�� T-!� ! ���:U, 

&��� �A ! �� T
� �
��  ��1� 2	� <3 #.� >V�� &# 

���:U, T-!� I
�k� �A( |8�UQY� c�O:� �# 
��� >?� 

@
��A 2	� <3 #.� EV6 y�Q�/ <Q��6 x�� �� s���� 

&'
� ! �� &��Q� 2
��J� m�U� &'
� �# �"H ����A ! 

�� &��Q� &# )*+ 2�# �� ). ! ���� �
�*- ^U3 ���	3.  

  

5. ��F= � &�
���9  

�� ���'��� (���!�'3 ��P'��� ��;A ���� (0��
�#�R. 

�
�V� &# ���" >
�UY �F�� T
� 2�!gD( ��'� ! ������� 

��.���/  



78�*+ 9��/ ��:�%;:(< �=%;
��>   ��� �+;?	@ � A+�  B(   CA�
 ��� D*<:E%�%:F GH+?I �� (+
:J  KL �>  

  

 ����24 �  ���	
2 �  ���
���1401  
391

6. G�
<= HI
J� 

��� &��/ r��k� lJ�	� @6�� 0�/�	�
�� ��+! �����. 

 

7. H,
J� 

Ada, R. (2013). Cluster analysis and adaptation 
study for safflower genotypes. Bulgarian 
Journal of Agricultural Science, 19(1), 103-109. 

Alessi, M.C., Bastelica, D., Morange, P., Berthet, 
B., Leduc, I., Verdier, M., & Juhan-Vague, I. 
(2000). Plasminogen activator inhibitor 1, 
transforming growth factor-beta1, and BMI are 
closely associated in human adipose tissue 
during morbid obesity. Diabetes, 49 (8), 1374-
1380. doi. org/10.2337/diabetes.49.8.1374 

Amerian, M.R., Stewart, W. S., & Griffiths, H. 
(2001). Effect of two species of arbuscular 
mycorrhizal fungi on growth, assimilation and 
leaf water relations in maize (Zea mays L.). 
Aspects of Applied Biology, 63, 71-76. 

Auge, R.M., Stodola, A.J.W., Tims, J.E., & Saxton, 
A.M. (2001). Moisture retention properties of a 
mycorrhizal soil. Plant and Soil, 230, 87-97. 

Aziz, A., Akram, N.A., & Ashraf, M. (2018). 
Influence of natural and synthetic vitamin C 
(ascorbic acid) on primary and secondary 
metabolites and associated metabolism in 
quinoa (chenopodium quinoa L.) plants under 
water deficit regimes. Plant Physiology and 
Biochemistry, 123, 192-203. 

Bahmaniyan, H., Nadian Ghomsheh, H., & Rang Zan, 
N. (2019). The Interaction Effect of Mycorrhiza 
(Glomus Intraradices) and Filtercake on Coriander 
(Coriandrum Sativum L.) Production. Journal of 
Agricultural Engineering Soil Science and 
Agricultural Mechanization, 42(2), 143-161. doi: 
10. 22055/ agen. 2019. 28369.1479. 

 Begum, N., Qin, C., Ahanger, M.A., Raza, S., Khan, 
M.I., Ashraf, M., Ahmed, N., & Zhang, L. (2019) 
Role of arbuscular mycorrhizal fungi in plant 
growth regulation: implications in abiotic stress 
tolerance. Frontiers in Plant Science, 10, 1068.  

Brantley, S. L., Eissenstat, D.M., Marshall, J.A., 
Godsey, S.E., Balogh-Brunstad, Z., Karwan, 
D.L., & Chadwick, O. (2017). Reviews and 
syntheses: on the rolestrees play in building and 
plumbing the critical zone. Biogeosciences 
(Online), 14(22), 5115-5142. 

Cheong, F.C., Lim, K.Y., Sow, C.H., Lin, J., & 
Ong, C.K. (2003). Large area patterned arrays 
of aligned carbon nanotubes via laser trimming. 
Nanotechnology, 14(4), 433. 

Dadashi, N., & Khajehpour, M.R. (2004). Effects of 
planting date and cultivar on growth, yield 

components and seed yield of safflower in isfahan. 
Journal of Water and Soil Science, 8(3), 95-112. 

Farid, N., & Ehsanzadeh, P. (2006). Yield and yield 
components of spring-sown safflower genotypes 
and their response to shading on inflorescence 
and the adjacent green tissue in Isfahan. Journal 
of Water and Soil Science, 10(1), 189-199. 

Habibzadeh, Y., Pirzad, A., Zardashti, M.R., 
Jalilian, J., & Eini, O. (2013). Effects of 
arbuscular mycorrhizal fungi on seed and 
protein yield under water‐deficit stress in mung 
bean. Agronomy Journal, 105(1), 79-84. doi. 
org/10.2134/agronj2012.0069 

Heshmati, S., Amini Dehaghi, M., & Fathi 
Amirkhiz, K. (2017). Effects of biological and 
chemical phosphorous fertilizer on grain yield, 
oil seed and fatty acids of Spring Safflower in 
water deficit conditions. Iranian Journal of 
Field Crop Science, 48(1), 159-169. doi: 
10.22059/ ijfcs.2017.135975.653977 

Hosseini, Y., Homaee, M., & Asadi Kapourchal, S. 
(2017). Evaluating natural saline water and 
nitrogen interactions on yield, cumulative 
transpiration and water use efficiency in canola. 
Journal of Crop Production, 10(1), 57-73. doi: 
10.22069/ejcp.2017.10371.1810 

Joshan, Y., Sani, B., Jabbari, H., Mozafari, H., & 
Moaveni, P. (2019): Effect of drought stress on oil 
content and fatty acids composition of some 
safflower genotypes. Plant, Soil and Environment, 
65, 563-567. doi. org/10. 17221/ 591/2019-PSE  

Koutroubas, S.D., Papakosta, D.K., & Doitsinis A. 
(2004). Cultivar and seasonal effects on the 
contribution of pre-anthesis assimilates to 
safflower yield. Field Crops Research, 90(2-3), 
263-274. doi. org/ 10. 1016/ j. fcr. 2004. 03.009 

Kumar, A., & Sharma, K.D. (2010). Leaf water 
content-a simple indicator of drought tolerance 
in crop plants. Indian Journal of Agricultural 
Sciences, 80, 1095-1097. 

MAJ. (2017). 
https://www.maj.ir/Dorsapax/userfiles/sub65/a
marnamehj1-95-96-site. 

Mirzakhalili, M., Ardakani, M.R., Band, A.A., Rejali, 
F., & Rad, A.S. (2009). Response of spring 
safflower to co-inoculation with azotobacter 
chroococum and glomus intraradices under 
different levels of nitrogen and phosphorus. 
American Journal of Agricultural and Biological 
Sciences, 4(3), 255-261. 

Mottaghi, S., Mottaghi, L., Shirani Rad, A.H., & Latifi 
Far, O. (2019). Study the efficiency of zeolite in 
reduce the effect of drought stress on agronomical 
traits and seed yield of rapeseed in Karaj region. 
Journal of Plant Ecophysiology, 11(36), 256-271. 

 
 
 

 
 

 
 
 



���� $�%#&'( )'*& �+,- $ �(*�.�+ /���  �%�0��$ 1	2� ��3'�# 45'( 

  

 ����24 �  ���	
2 �  ���
���1401 

392

 

Nasseri, A., Masoudi, T., Khorshidi, M., & Abdii, A. 

(2017). Water quality effect on yield and yield 

components of four genotypes of safflower. 

Journal of Water Research in Agriculture, 31(3), 

301-313. doi: 10. 22092/jwra.2017.113668 

Noroozi, M., & Kazemeini, S.A.R. (2013). Effect 

of water stress and plant density on growth and 

seed yield of safflower. Journal of Field Crops 

Research, 10 (4), 781-788. 

Omidi, A.H. (2009). Effect of drought stress at 

different growth stages on seed yield and some 

agro-physiological traits of three spring safflower 

cultivars. Seed and Plant Production Journal, 

25(1), 15-31. doi: 10. 22092/ sppj. 2017.110361 

Pasban Eslam, B. (2011). Evaluation of physiological 

indices for improving water deficit tolerance in 

spring safflower. Journal of Agricultural Science 

and Technology, 13, 327-338. 

Raei, Y., Shariati, J., & Weisany, W. (2015). Effect 

of biological fertilizers on seed oil, yield and 

yield components of Safflower (Carthamus 

tinctorius L.) at different irrigation levels. 

Journal of Agricultural Science and Sustainable 

Production, 25(1), 65-84. 

Safari, D., & Azadikhah, M. (2019). Effect of 

pseudomonas fluorescent bacteria on growth 

stimulation of some physiological indices, yield 

components of rapeseed under salt stress. 

Journal of Crop Physiology, 4(11), 67-83. 

Sajedi, N.A., & Rejali, F. (2011). Effects of drought 

stress, zinc application and mycorrhiza 

inoculation on uptake of micor nutrients in 

maize. Journal of Soil Research, 25(2), 83-92. 

Shiresmaeili, G.H., Maghsudimood, A.A., 

Khajueinejad, G.R., & Abdolshahi, R. (2018). 

Yield and oil percentage of safflower cultivars 

(Carthamus tinctorius L.) in spring and summer 

planting seasons affected by drought stress. 

Journal of Crop Ecophysiology, 12, 237-252.  

Soltanian, M., & Tadayyon, A. (2015). Effect of 

arbuscular mycorrhizal fungi on some 

agronomic characteristics on linseed (Linum 

ussitatissimum L.) under drought stress. Journal 

of Plant Production Research, 22(2), 1-21. 

Song, H. (2005). Effects of vam on host plant in the 

condition of drought stress and its mechanisms. 

Electronic Journal of Biology, 1(3), 44-48. 

Tinca, G., Munteanu, N., Paduraru, A., Podaru, M., 

& Teliban, G. (2007). Optimization zation of 

certain technological measure for Hyssop 

(Hysspus officinalis L.) crops in the ecological 

condition. Financed by Ministry of Eduacation 

Research and Youth. Journal of Horticulture, 

Forestry and Biotechnology, 1059, 132-134. 

Veysi, H., Heidari, G., & Sohrabi, Y. (2016). The 

effect of mycorrhizal fungi and humic acid on 

yield and yield components of sunflower. 

Journal of Agroecology, 8(4), 567-582. doi: 10. 

22067/ jag.v 8i4 .47568 

Yaghoubian, Y., Pirdashti, H., Mohammadi 

Goltapeh, E., Feiziasl, V., & Esfandiari, E. 

(2012). Investigation of dryland waeat (Triticum 

aestivum L.) plants response to symbiosis with 

arbuscular mycorrhiza and mycorrhiza like 

fungi different levels of drought stress. Journal 

of Agroecology, 4(1), 63-73.  

Zeinali, A., Sadeghi Bakhtvari, A., & Sarabi, V. 

(2018). Investigation of nitrogen and sulphur 

effects on quantitative and qualitative 

characteristics of castor bean seed (Ricinus 

communis L.). Iranian Journal of Field Crop 

Science, 49(1), 29-43. (In Persian). 

Zhang, M., Zhai, Z., Tian, X., Duan, L., & Li, Z. 

(2008). Brassinolide alleviated the adverse 

effect of water deficits on photosynthesis and 

the antioxidant of soybean (Glycine max L). 

Plant Growth Regulation, 56, 257-264. 

  
  


