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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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������ /��� 0�!  (^'" &��U� �� &#  �� 48 >,�6 �� 

���� 70 &+�� �Q��6 ���/ �� 0!. ���� ���� �A ! 

���Q?� V��� ). �V� &F��k� )Kumar & Sharma, 

2010( &V6�?� .�A 

)&h#�� 1(                         ��� =
(���	�)

(���	�)
× 100  

&3 �� T
� (&F��k� FW 0�!�� (W�# DW 0�!^'" 

W�# ! TW 0�! W�# m��. &QJ�
 >6�. 

  

2. 3. � �� 01��  

p��jQ6� T-!� �# ���=Q6� �� ��}:Y �� ���I ���  ��$ 

>J�/. �#
T ��5	� !� �/X �*# ��#� T-!� /��� ��" ! 

&# I"�� &F�F ��� ���.
'� �
&Qj �A. �!�Y 10 ��:� F��Q 

�� ��}:Y �� ���I ��� &# &F�F ��� ���.
'� &J�q� �A ! 

��:?� ����. ��6� ��A �# ���=Q6� �� ��PQ6� w���! 

<� ��� �A �� ��:?� 
Q"��	�� &# >6� .
�. (wB6 

��Q?�� &F�F ��� ���.
'� &# I"�� J0��F� 50 ��:� F��Q� 

��OQ�� ���� ���A. 0��F�J �� &#  �� 10 &O��� �# >,�6 10 

���� �!� �� &O��� n��=
�Q��6 ���A. wD �� )�6� &F�=� ��� 

�*# �� >U�� �
�;Q�� 0��F�J (�� ��:?� ���# ����� �� >U�� 

�
8�# 0��F�J �� &3 I��A �� I��� ��� ���U� �# T-!� �!*# 

(��# lU+ ��!. ��A !  �
�Q?� 0. &# F�F&  �'
���. ��P
� 

&3 �� IV� 0�! ��A (��# &Qj
� �A. &# ��5	� ���6��+ ��}:Y 

�� ���� (�	-!� ��:?� �� &# I"�� ��PQ6� 0!. �# ���� 30 

&+�� �Q��6 ���/ &#  �� 24 >,�6 IOQ	� ���A. wD �� 

��jV� ! ��+ 0�A ��}:Y �� I��� (��� �;	� ���� ���#����� 

T-!� 9��:/ ��# &3 0�! 0. �# ��3 0�! &F�F �'
���. 

��Q?� T-!� �� &F�F �'
���. &3 �� IV� 0�! ��A ��# 

&# >6� ��. )Zeinali et al., 2018.(  
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��#� &V6�?� :U,��� T-!� �$�� T-!� �� :U,��� 

�*# �� ����Q )�q ! :U,��� T-!� &# >6� ��.. 

  

2. 4. 3�4�* ���*  

�� �D
0� ���.
2 ���� ��� I$�Y ��Q#� �# X�� ���J� 

MINITAB ����� ��/
�� wB6 �# ���=Q6� �� X�� ���J� 

���.� SAS 9.1 ���� ���
& ! :?��I ���� >J�/. 

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

���.� S	D �$�� X���� ! <6� ������U� �# ���=Q6� �� 

X�� ���J�Excel  X���� �A. 

 

3. 56$� � 7%, 

3. 1. �89 :';  

S
�Q� I$�Y �� ���&
 ��!w��
 0�'� ��� �1� 2	� 

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

S	D �$�� ��17� 	k�� ���� �# �h� �V� �	QA��( ��� 

<��# 2	3 �1� <3 #.� ! ��� ��
���
�� �8���#�. ��17� 

	k�� ���� �# �h� �V� >A��� �!�+) 2.( �O� ��
 

�T�P��� 2	� <3 #.� 0�'� �� ��� &3 2	� �� &:Y�� 

0�A�D &��� <3 ��T
 �h� �V� �� ���� ��# ! 2�# ��T
 

�h� �V� �� ���U� ���A )6/2 Q��6� �Q�( ����'� �A 

�!�+) 3.( �O�&�
 �T�P���  ���U� ��� ��
���
�� 

�8���#�. 0�'� ��� ���=Q6� �� ��
���
�� �8���#�. 

o,�# ��J�2
 �h� �V� ��A ! ���U� O:�c� ��� �# �*# 

! H�" ����� 2�# ��T
 )6/2 Q��6��Q�( ! ��U�� 0!�# 

c�O:� <3 T
�� �h� �V� )5/2 �Q��6�Q�( �� ���� �� �A�# 

)�!�+ 4.( �� �T
 &kF�h� ����U� O:�c� ��� 

��
���
�� �8���#�. >V�� &# X�, O:�c� ����� �V� 

W��# �� ! &# ��V�� 0. �h� �V� W��# �� .��# �h� �V� 

&# 0��	, k#��� �� ��+�� ���:U, �# s�%� ����3� 

��Q�
 �� ��A@
 2	� �'"� ��J�2
 >J�
 ! �� 0��� 

��5Q�� >A�� &3 �;���>
 o,�# ��J�2
 ���:U, &��� 

��A )2016 .,al et Veysi.( ��:3��� 0�A 0����/ 

&# &:�6! ��� EV6 <�5	� ��U6� �Q;# ! ��V;# &h#�� 

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

0���� )*+ ). �� ���/ >V�� &# �����U�� 0!�# ��� 

����A ! 2
��J� )*+ ). EV6 w��6n��� �� ��:6�� 

�� ��A &3 ��" ^
 I��, H�?� I
�� 0�A ��:6�� ! 

��J�2
 �h� �V� >6� )Begum et al., 2019(.  

 

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

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 

2	� <3 #.�× ��
���
�� �8���#�.  4  ns48/3  ns87/26  ns66/1  ns768/0 *7/111092 ns4/626313 ns47/3 

��h" �,�J  12  42/1  11/27  14/9  922/0  7/173905  2/2876265  94/12  

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(�  �&
��.  

 

3. 2. �
�<= :'; �� �=�,  
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�O� T�P���� ��� �1� 

2	�<3 #.� �# ���k� �V� �� &��# 0�'� ��� &3 2�# ��T
 

���k� �V� �� &��# )22/47 (��, �� ���A ! <3 ��T
 0. 

)22/36 (��, �� &:Y�� 2	� <3 #.� �� &:Y�� 0�A�D &��� 

&# >6� ��. �!�+) 3.( <� T�	b �# 6��#� �O� ��
 

�T�P��� ��� ��
���
�� �8���#�. ~j'� �A ��� 

��
���
�� �8���#�. ��17� �	k� ���� �# ���k� �V� ����� 

�!�+) 4.( ��
 �� I
8� 2��3 ���k� �V� �� &��# 

&# &h6�! >
�!�?� �#. �� ����� �A�� �� ��17� T
� I��, 

�# ���k� &"�A �V��+ �A�#. �� �'�!gD ��P
 ~j'� 

�A &3 �# ��J�2
  �A �'"� �� (9��:/ &# I�F� 2��3 

t�=��� /(���  �#�k'�� V��+� ! ��!� �A� �� ���k� �V� �� 

&��# &# ��� 	k�� ���� &Q6�3 �� ��A )Noroozi & 

Kazemeini, 2013.( �� ��
7� S
�Q� 2�!gD (�q�Y 

2�!gD 0��/ �� �� &kF�h��� ��;�� �	QA�� &3 ���k� �V� 

�� &��# 9��:/ &# &h6�! ��#��3 �����3 �Q�
� 2
��J� 

>J�
 )Mirzakhalili et al., 2009.(  
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&������� 9��:/ �	QA�� ! �#<� 2	3 �1� <3 #.� ! ��� 
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���
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&������� 0�'� ��� &3 2�# ��T
 0�! &������� )5/28 

(X�/ a�#�� &# ���U� ���A ! <3 ��T
 0�! &������� 

)52/26 (X�/ a�#�� &# 2	� <3 #.� �� &:Y�� 0�A�D 

&��� ��# �!�+) 3.( <� T�	b �O�&�
 �T�P��� ��� ��� 
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���
 �8���#�. 0�'� ��� &3 ���=Q6� �� �T
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 0�! &������� .�A 2�# ��T
 0�! 
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0. �� ���A ����'� �A �!�+) 4.( I�F� 2��3 0�! 
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��A <3 #.� T�U� >6� &# >:, 2��3 
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��'" �� ���/ 9��:/ ��� ����'� �A ) & Farid

2006, Ehsanzadeh.( �� &kF�h��� �!� ���/ 9��:/ 

�# s�%� �����3 �Q�
� 0��# ����3 ��#��3 �Q3�#���� 

! ��
���
�� �8���#�. �� @
��A ����#. )�:h� ! 

2	� ��'" EV6 2
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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�
� )kg.ha-1(  

X�, c�O:�  b13/25  a44/39  b78/26  b9/13491  

c�O:� �*# �# ���  ab37/25  a22/41  ab41/27  b5/14879  

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

)1*[H�*� :�� �L \�+- P+�!� $&H�(� �� K� \5�A(  X)��(� ����> ]�'(+� �%�B> 1;H(� &H�(&H.( 
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A��� �� 2��3 0�! ^'" 2j# ��� !��'
 ! ���'
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