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Objective: This experiment was conducted to investigate the effects of 

drought stress and foliar application of Fe and Zn on agronomical 

characteristics of sunflower 

Methods: a farm experiment was carried out in the Fars agricultural 

research center in the split plots form base on a randomized complete block 

design with three replications during 2014. Irrigation at three levels 

(irrigation after 60, 120, and 180 mm of evaporation from A class 

evaporation pan) as the main plots and foliar application at four levels 

(water, iron sulfate, zinc sulfate, and iron sulfate+ zinc sulfate) were used as 

sub-plots. 
Results: The results showed that the delay in irrigation from 60 to 180 mm 

of evaporation caused a decrease in the number of seeds per head, grain 

yield and biological yield by 24.8%, 37.5% and 30%, respectively. The 

foliar application of iron sulfate+ zinc sulfate compared to the control 

treatment increased the number of seeds per head, 1000-seed weight and 

grain yield by 24.1%, 16.6 percent and 14.3 percent, respectively. The delay 

in irrigation, increased the water use efficiency by 50.9%. The interaction 

between irrigation and foliar application had a significant effect on leaf and 

grain iron concentration and leaf zinc concentration, so that with delay in 

irrigation, absorption of nutrients decreased, but foliar application under 

drought stress conditions increased iron and zinc absorption in sunflower 
Conclusion: According to these results, it can be stated that with 

micronutrient foliar spraying, the severe drop in sunflower yield can be 

prevented under drought stress conditions. 
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���)	 K-> ��� k$#� ��
� � i�= �� ?<$�A/ � ���A$� bjZ C�
) ,Hitachi Zcast, 2300. Japan (�O�� M�N�
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 ,���
)1375 .(�
�= ��
��
 ,��<$� �Bm�� �� ���BC	 �
VZ
 ��<�10 �= ��� �- �
 ��#= �=) ,O��E� �#:  { �� �� VZ

b�]A�
 (�<L�m 9�: ���$
�Z �
 \/ �  ��#= �
 �- !�� � 9�: �� ��
� �
�;���
��
V- � ��� ��$�H�
�= .� ��
��
  ��<�

L�m kI �� Djm �
 \/ ,A( � ���BC	 � ��
� ���BC	<� ��� �- � 50 A��$,HY$ ��� D�: �- �
 �A�,  &��;�3 

��� �L
��= U=���A� B� �#�j� XY$ �� .�<�  ��#= 
�Z �R#: SH� �
 �-  �_Z ����#= �=#:� F-� �- ��#=  �� !�> �� �-

 ����85 ,A��$ �Z��  �
���= ��� 48 ��#= �=#:� � �L w�I �	�$ �= �-7 �Bm�� �� .�<$� ���� � 
�= �;=� 

�= �$� ���>�L
��= XY$ ,A( � ���BC	 ! ��
� !���
�Z �= .���L !�� ����
�Z ��� �- ��L9�: �
 �-  ��-

b�]A�
 vI�L .� ��� ��$�H� ��
� ���BC	 V<� ��L �L
��= �<V �
 (2�<? BC	��� ��
� �= BC	�,A( � �� �= �$� .��> 

� ���BC	 ��(� ��$�H� �= F ���> {BA]� ��-��C<� �� b> D�E� , 
��� �Y=
� 9�: ��� �- �� ,O�E� b> �= ��


)1(  �
 \/ ���<=> ��-��C<� �
�= XY$ �m
� �� ,O�E� b> !
V<� .�L K<<;�60 120  �180 ,B<� �A�  &�C	
 �Bm�� �


 �L� SEO !� �/ �� ���<=>�= Q<��� 14386 6899  �4407 Q;���A�   .�#= ��A�- ��  

 �Y=
�1(                                                                                                                 WUE=GY/WU 

 K 
 ���Y=
� GY � ��
� ���BC	 WU �$
 ,O�E� b> !
V<�.  

VN� ���> �� M�� �
 ���aA$
 �= ��: �
VO
SAS  �](�)1/9 (�2� � �L M�N�
 � �(<���<K 
�= �-� �-�J
�  �� ,B�


);�,  �
 ���aA$
 �= ���L �
�!#��>LSD   XY$ ��5 �2� ���� ��� �(  �� ,��a� �
�= .�?-�= F)� ,);� S��	 ��  �
�

x�= � ���  ,-�T�$
�=  � �� �= K<���<� �( �2� � ,��I F)�L.S.Means  .�L M�N�
  

  
 >�E1 .��: �
�Z
 SH� P�I , �<C<L � ,� V<O ��<�#EI  

 $�C@� F	�   (��3�"��0"��    
�0��;�  

 !���  

��B  

 K2��0�%  

N1  

�OP)  

N��Q �,E  

R�;�0-  

N��Q �,E  
A3B  ��	  S:*:�  T�  U	  (��;  A@  

(F	�)  )�;� �0� �� T:��+(  )F	�(  )���� X�9���1 �� X�9(  (F	�)  

54  97/0  02/8  07/1  09/0  12  314  9/7  8/0  9/7  1/1  32  54  14  

  

4%12� . -"�8� �"  

4 .1%&�� � =��  � ��  �*�� >?	� .  

 � ���<=> ? @� {BA]� �#Y$&#BH� L�/ ,�<Je� ,);�  .�L
� ��
� � i�= �� ��� �GBh �= ��
�?-�= !> F)�  �- �= V<�

,);� i�= ��� �GBh  &��Z) � ��� �
�2 K<���<� �( �2� .(?-�= F)�  � ���<=> ? @�&#BH� L�/ i�= ��� �GBh �= ,

�� �
� !��� F<= �� ��C<� �� i�= ��� �GBh K 60 ,B<� �A�  � �<]��&#BH� L�/ � ��� �= ,?� �� i�= ��� �GBh K 

 ��C<� ��180 ,B<� �A� �<]��  �&#BH� L�/ K-> �= ,�= �$�  &��Z) ��>3K<���<� �( �2� .(  �= �
� !��� �-�<Ie�  ��

 �
 ���<=>60  �=180 ,B<� �A�  F-�� ��
� ��� �GBh �<]��4/9  .�L
� �����?- K<)` F<= �� �
 ��
� ��� �GBh K 

 ��C<�60 ,B<� �A�  � �<]��?� �� ��C<� �
 ��
� ��� �GBh K 180 ,B<� �A� � &��Z) �#= �<]�4 !� �Z F-�� UR
� �� .(

��#� ,� ��<� k$#� ���)	 bjZ �� &�AI
 QZ#� b> �#�C� F)� �
 ,L�� b> �
  .�#LF<= �� �
 ��
� ��� �GBh K 

 ��C<�&#BH� L�/ ��� �= ,�= �$�  F 
VO
 f	�= ����>9/15 ) �-�L �= ��(� ��
� ��� �GBh �����&#BH� L�/ �= ,

�A�1
 �� �L (b> ,);� ���a�  ��C<� �= ��
�&#BH� L�/ &��Z) �L
�� ��� � K-> Q<��� ,4( .  
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4 .2 %&�� � =��  � !"# �*�� >?	� .  

�#Y$ {BA]� ��� ���<=> &#BH� ,L�/ � ?-�= !> F)�  �-�<Je� ,);�  &��Z) �L
� ��
� K-> � i�= K-> �GBh �= ��
�2 .(

 K<���<� �( �2�?-�= F)�  � ���<=> ? @�&#BH� L�/�� �
� !��� !
���=�AO> i�= �� K-> �GBh �= , F<= �� �GBh K 

 ��C<� �� i�= K->60 ,B<� �A�  � �<]��&#BH� L�/ � K-> �= ,?� �� ��C<� �� i�= K-> �GBh K 180 ,B<� �A�  � �<]��

&#BH� L�/�= ��� �= ,  �
 \/ ���<=> ��C<� �� �A�1
 .��> �$�180 ,B<� �A�  K 
 �<]��,);� ���a� F-��  �-�L �= ��
�

 &��Z) �L
��3.( ?- K<)`  �
� !��� d �A�F<= �� ��C<� �� ��
� K-> �GBh K 60 ,B<� �A�  � �<]��&#BH� L�/ ,�= �$� 

 F 
VO
 �� ��>93/9  .�L
� �-�L �= ��(� �����?� �� ��C<� �� ��
� K-> �GBh K 180 ,B<� �A�  � �<]��

&#BH� L�/�-��� b> �= , &��Z) �L �3.(  

  

4 .3 %&�� � =��  � @�;1� �*�� >?	� .  

&#BH� � ���<=> ��-��C<� �J
  ,L�/�<Je� ,);�  ��
 �L
� !
���=�AO> �� ��
� � i�= ?<$�A/ �GBh �= ��
�

?-�= !> F)� ,);� ��a� K 
 �= �-  &��Z) �#�� �
�2 �
 ���<=> ���<=> �� �<Ie� �= .(60  �
 \/ ���<=> �=180 

,B<�  F-�� �<]�� �A�8/24 F<= .�L ��-��� i�= ?<$�A/ �
�2� �� �����  ��C<� �� i�= ?<$�A/ !
V<� K ��60 

,B<� ?� � �<]�� �A�   ��C<� �� i�= ?<$�A/ K ��180 ,B<� �= �<]�� �A� .��> �$�  ��C<� �� i�= ?<$�A/ �
�2� K<=

 �
 \/ ���<=>120  �180 ,B<� ,);� ���a� �<]�� �A� &#BH� .��� ��-��� ��
�  ?<$�A/ �
�2� F 
VO
 f	�= ,L�/

F<= .�L i�= �� &#BH� ��C<� �� i�= ?<$�A/ �
�2� K ��  F 
VO
 �� �L ��-��� ��� �= ,L�/5/32  �����

,);� ���a� �� �L
� �-�L �= ��(� &#BH� �= ��
� ?� .�L
�� ��� � K-> Q<��� ,L�/  i�= ?<$�A/ �GBh K ��

 ��C<� �
&#BH� �= �-�L ,L�/  &��Z) ��> �$�4 �
 ���<=> �<Ie� �= V<� ��
� ?<$�A/ �GBh .(60  �=180 ,B<�  �A�

 F-�� �<]��1/25  &��Z) �L
� �����4&#BH� �J
 ,$��= .(  M�C� �� �� �
� !��� ��
� ?<$�A/ �GBh �= ,L�/

&#BH� ��-��C<� &#BH�) �-�L �= ��(� ��
� ?<$�A/ ,L�/ b> �= ,L�/F<= � �O�  F 
VO
 (  �� ��
� ?<$�A/ K ��

&#BH� ��C<� �= ��� � K-> Q<��� ,L�/  F 
VO
 �� ��> �$�1/38  K<= .�L
� �-�L �= ��(� �����

&#BH� ,);� ���a� ��� � K-> ��-��C<� ,L�/ ?� .��� ��-��� ��
�  �-�L �� V<� ��
� ?<$�A/ �GBh K ��

&#BH�) ��Z) �L ��-��� (b> �= ,L�/ &4.(  

  

4 .4 A�B  � %&�� ��4C� .  

 � ���<=> ��-��C<� �J
&#BH� L�/�
�;� �= , ��
� �� ,);� 9�:  �L �
���
 ?-�= F)� ,);� �a� K 
 �= �-��C<� K 
  �
�

���  &��Z)2 �= .(�<Ie� �O�  F-�� 9�: �� ��
� �
�;� ���<=> �� �= ��#:  \/ ���<=> ��C<� �� ��180 ,B<� �A�  �<]��

 \/ ���<=> �= ��(�60 ,B<� �A�  F-�� �<]��8/24  �js�V � ���)	 D�E� .�L ��-��� 9�: ��
� �
�;� �� �����

 .���L 9�: �� ��
� �
�;� F 
VO
 f	�=F<= �� ��C<� �
 9�: �� ��
� �
�;� K &#BH� L�/ ��� � K-> Q<��� �= ,�= �$� 

 F 
VO
 f	�= �� ��>31  ��
� �
�;� �����) �-�L �= ��(� 9�: ��&#BH� L�/ &��Z) �L (b> �= ,4.(  

  

4 .5%&�� �E" /F� .  

�A� d S��m �
 ��
� V<1��>  &��Z) �-2( !��� �
�  ���<Je�  {BA]� �#Y$&#BH� L�/,);� ��
��
V- !�� �= , �L �
� ��
 

?-�= !> F)�  �- ���<=> ? @� ��<Je� ,);� C<� K<= �� .�L
�� �a� K 
 �= ��
� �-��F<= �� !�� K ��
��
V-  ��C<� �
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&#BH� L�/ ��� � K-> Q<��� ,�= �$�  F 
VO
 f	�= �� ��>20  !�� �������
��
V-  .�L �-�L �= ��(�?� �� K 

 !����
��
V- ) �-�L ��&#BH� L�/ &��Z) �L ��-��� (b> �= ,4.( 

4 .6%&�� ��'	(� .  

�A� d ��
� V<1��> �
 S��m  �� �
� !��� �- � ���<=> ? @� ��-��C<� �J
&#BH� L�/,);� !
���=�AO> ��
� ���BC	 �= ,  �
�

�L ��
 ?-�= F)� ,);� ��
� ���BC	 �= �-��C<� K 
  &��Z) �#�� �
�2K<���<� �( �2� .(  �= �
� !��� �-�<Ie�  ���<=> ��

��� 
�</ F-�� ��
� ���BC	 �= ��#:  �
 \/ ���<=> ��C<� �� ��
� ���BC	 ��180 ,B<� �A�  ���<=> ��C<� �= ��(� �<]��

 �
 \/60 ,B<� �A�  F-�� �<]��5/37  &��Z) �L
� �����4.(  

 �J
 ,$��=&#BH� L�/ ��-��C<� M�C� �� �� �
� !��� ��
� ���BC	 �= ,&#BH� L�/ �-�L �= ��(� ��
� ���BC	 ,

)&#BH� L�/ �= , � �O�  F 
VO
 (b>F<= �� ��C<� �� ���BC	 K &#BH� L�/ ��� � K-> Q<��� ,�= �$�  F 
VO
 �� ��>

80/16 �L
� �-�L �= ��(� ����� ��
  ��-��C<� K<=&#BH� L�/,);� D�AI
 ,  &��Z) �L
�� �#Z� ��
�4.(  

  

4 .7 �1I�F ��'	(� .  

��
� V<1��> ,);� �
 ,��m �- ,);� � ���<=> ? @� �J
 !�#=�
�  �#Y$ !����
�&#BH� L�/ � ,?-�= F)�  � ���<=>

&#BH� L�/,� ,A( � ���BC	 �= ,  &��Z) �L�=2K<���<� �( �2� .( �= V<� ,A( � ���BC	 �
� !��� �- ,);� �#:  �= ��
�

�<Ie� ��� 
�</ F-�� ���<=> �� �= ��#: �� ��  �
 \/ ���<=> ��C<�180 ,B<� �A�  �
 \/ ���<=> �= ��(� �<]��60 

,B<� �A�  F-�� �<]��30  &��Z) �L
� �����4.(  

  

4 .8 �# )�*� ��� $ .  

,);� b> D�E� , 
��� �= ���<=> ? @� �J
  �L �
���
  �J
&#BH� L�/� , ?-�= F)� =><��� � &#BH� ,L�/ �= 
 K  �a�

,);� �
�  &��Z) ���2 �� �
� !��� F ���> K 
 �
 S��m d �A�  .(�<Ie� �L b> D�E� , 
��� F 
VO
 f	�= ���<=> �� 

�= ��#:  �
 \/ ���<=> ��C<� �� b> D�E� , 
��� ��180 ,B<� �A�  ���<=> ��C<� �� b> D�E� , 
��� �= ��(� �<]��

 �
 \/60 ,B<� �A�  F 
VO
 �<]��9/50 ��Z) �L
� ����� &4.(  

  
 >�E2  .� VN� (��;=�� K<���<�) \�� �
� ,I�= ��a� !
���=�AO> �� �#Y$ {BA]� ��� ���<=> � &#BH� ,L�/  

�����Z& [��:�  ���+B �E	�  \�� ��	  �%�� ��	  \�� A3B �%�� A3B  \�� R�;�0-  �%�� R�;�0-  
�
���  2  69/7  ns 08/31  ns 19/14  ns 33/2  ns 435028 ns 1232 ns 

 ? @����<=>  2  3735 ** 173 * 1022 ** 8339 * 12691243 * 305483 ** 

,B�
 ��YI  4  94/33  54/8  44/2  54/16  708427 13850 
&#BH� ,L�/  3  3698 ** 556 ** 610** 2912 ** 16708045 ** 359073 ** 

���<=> ? @�× &#BH� ,L�/  6  687 ** 41/8  ns 73/23  * 1070 ** 1470700ns 17856ns 

 ��YI,	�O  18  45/30  27/5  21/7  06/20  897236 7910 

) �
�<<s� Q �o����(    67/6  01/3  08/2  59/0  87/13  48/4  
 � ** *ns: �= );� D�AI
 Q<���, �
� $ ��  XY5  �1 ,);� D�AI
 !��= � ���� �
�.  

  

 ����� >�E2  .� VN� (��;=�� K<���<�) \�� �
� ,I�= ��a� !
���=�AO> �� �#Y$ {BA]� ��� ���<=> � &#BH� ,L�/  
�����Z& [��:�  ���+B �E	�  �%��	�S3 K+�  �%�� ��]& ^C  	�  ��"��� �%��  ��"��� �0P�+  _`�@ (@����  ���	�1 �B 4�H�  

�
���  2  00/163  ns 22885 ns 1066 ns 4599 ns 60/9 ns 05/1 ns 

���<=> ? @�  2  08/130  ns 146886 * 53357 ** 581778** 97/19  ns 33/37  ** 

,B�
 ��YI  4  8/14851  14851 722 7511 04/8  17/0  
&#BH� ,L�/  3  33/155  ** 48671* 4631* 4285 ns 47/19  ns 32/1  ns 
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���<=> ? @�× &#BH� ,L�/  6  97/51  ns 10820 ns 1335 ns 805 ns 95/6  ns 23/0  ns 

,	�O ��YI  18  25/22  13227 78/33  3066 35/5  27/0  

) �
�<<s� Q �o����(    53/8  17/15  25/9  44/4  41/12  67/11  
 � ** *ns: �= );� D�AI
 Q<���, �
� $ ��  XY5  �1 ,);� D�AI
 !��= � ���� �
�.  

 >�E3 .?-�= K<���<� �( �2� &#BH� � ���<=> ? @� F)� !
���=�AO> �� ��
� K-> � i�= K-> i�= ��� �GBh �= ,L�/  

�	���B R�2	  >��?� �@�-   \�� ��	)���� X�9���1 �� X�9(   \�� A3B)���� X�9���1 �� X�9(   �%�� A3B)���� X�9���1 �� X�9(  

�
 \/ ���<=>06 ,B<�  �A�  

�<]�� �<]�� ��� �
  

�-�L  84 c 141 b 0/790  d 

K->  66/45  d 33/147  a 66/877  a 

���  33/125  a 125 c 867 b 

��� +K->  114 b 66/143  ab 66/841  c 

 �
 \/  ���<=>120,B<�  �A�  

�<]�� �<]�� ��� �
  

�-�L  33/85  c 66/122  c 33/715  c 

K->  60 d 134 a 66/732  a 

���  66/115  a 33/116  d 717 bc 

��� +K->  95 b 128 b 724 b 

 �
 \/ ���<=>180,B<�  �A�  

�<]�� �<]�� ��� �
  

�-�L  66/52  bc 117 c 33/671  c 

K->  66/41  c 66/131  a 33/694  c 

���  66/76  a 66/113  c 685 b 

��� +K->  33/68  a 125 b 688 b 

* K<���<� !#A$�- ��  !#��> T�$
�= �)A(- P�A�� D�m �
�
� �� , �-LSD ,);� ���a� ���� d)/ XY$ ��  .���
�� ��
�  

  
 >�E4 .&#BH� � ���<=> ? @� �
�J
 K<���<� �( �2�  �GBh �
�= ,L�/!
���=�AO> ���BC	 �
VZ
 � ���BC	 ���)	  

�/���+B ��3	���&  

 �%�� ��	  

)����  �� X�9  

X�9���1(  

\�� R�;�0-  

)����  �� X�9  

X�9���1(   

�%�� R�;�0-  

)����  �� X�9  

X�9���1(   

 K+�  

 �%��	�S3  

(X�9)  

 ��]&  

�%��  

^C  	�  

 ��"���  

�%��  

)���� 	�0"3 �� X�9(  

 ��"���  

�0P�+ 

)���� 	�0"3 �� X�9(  
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 � ���BC	 w @#1# V<O#O�#� ��<�#EI ,I�= �= &#��A� )Helianthus annuus L. .( F)� k 
�L ��

?� ,=>. -�<� �
�<1#�, 45 )1 (29-40.  

���m ,B	n ����
 T��;��hn x#I �C<$ 9BI ?G	
�<�n ,�
�<L �
� K<(m�<�
n �����Z �<Cm � , ��:��: �<$) ,B	1393 .(

,�. � ,=� ��
  �H� 
VB� M�R�
 w @#1# V<O ��a� ,I�= � ,	
�� ��-�<Je� ,��I F)� .F)�  ��-	
�� M#B	 �� ,Y<H�, 

7 )2 (1555-171.  

!�<C<Bm S<	�C$
n M�N� ,��� � ����� ) ,1���1398��
� ��| ,a<� � ,C� ���BC	 ,=� ��
 .( �
 )Zea mays L. ( �= F)�
� ��

&#BH� L�/ F)� k 
�L �� �js�V � ���)	 ,?� ,=> .F-�./ 	
�� ���=��� ��-, 32 )4 (1 -15.  

,� �VCm �
#Z � �<Cm ,aN� n, �=�= ) �<N�1395 , 
��� � ��
� �<a<� ���BC	 ,	
�� ��-�A�
��/ �= !@��A<� � ���<=> �J
 .(

!
���=�AO> �� !@��A<� ,	
�� .F-�./ 
� 
 ,	
�� ��-! 14 )4 (686-696.  

���<m ,aYE�n �
� �/ �Cm
n ��=>���<O !
��
�= ��_� � ,��_a$
 ,) �=�	 ) �CH�1398 .(�<Je� w<�#<- ��=��� � ,��I F)� �<$
  �=

��
���� ,C� ���BC	 !
���=�AO> ��
� ,��;� ���)	 � ��2� � �VA)$#AO ��- .
� 
 ,	
�� !�-�<� M#B	! 50 )4 (51 -62.  

���<m ,aYE�n d<B� ? ��n ,��=�R ��-� � ���=>�V<O !
��
�= ) ��_�1394 .(�<Je�  � ,��I F)�&#BH� L�/ , K-> �<(�
#���

��
���� � ,�#  �
#AH� ��
� ���BC	 �= �N)� ,AI�$�#� ��-. � 
 ,	
�� !�-�<� M#B	!
 46 )4 (619-628.  

,���� ��
�
�I �<�
n ��
����  �o��CH�n !� ���
 ��_��CH� � ���(	 ,B	 ) ���
1401 �;1�Y� .(�<Je� &#BH� L�/ ��-�#� ,

� ��� � ? V<)� K-> �
�|#��� �A��$ ?R� ,)<�� Q<$ ���BC	 � �L� �= �L��. 
� �/ ������� M#B	 ��- F-�./ ���)BEO� 2 

)1 (19-30.  

{$#  � �=�� M�$
 �$��) � ) �<;$ ��
�1392 .(�<Je�  � ,��I F)�&#BH� L�/ � ,C� ��<�#EI �= V)�)� � K-> ��� ,

 !�( �- ?R� !
���=�AO> ,a<�33 . M#B	 �� F-�./ �BN�,	
�� 6 )22 (41-25.  

, �o� K(H�n , ��B 
 ,�� �CH�n ,��s�
� ���_� �<NC1
��	n ��
� ,O#� �<;$ � ��� �R> ) }�<O1401 S<BH�
�O �;1�Y� .(

,)h�� !
���=�AO> ��
� ��a� ,I�= �= ,��I F)� �
�J
 .
� �/ ������� M#B	 ��- F-�./ ���)BEO� 2 )1 (31 -49.  

���<` ,��o� C$
S<	�n M�I &� ���$n ��#1#� ���>  �,C<m� ) �<�
1396 �= 
V �#� �� ���R �= X<2B� � ��� ��� #��� �#� �J
 .(

y��B� w @#1# V<O � ,	
�� ��<�#EI ,I�= )Carthamus tinctorius L. (,��I F)� k 
�L ��. F-�./  ,	
�� ��-


� 
! 15 )1 (168 -184.  

,��C<B$ �o� n�#/ ,BR�#� !�� �O � ��<�� ��-�O )1396.(  �J
&#BH� L�/ ���)	 �
#AH� � ���BC	 �= V)�)� � K-> ��� ,

y��B� ��
� , 
jh )Carthamus tinctorius L. .(!
� 
 ,	
�� M#B	 � ��� 19 )1( 1-12.  

�<$,a �L D#�� � �<$,a �L ) �o�1398 .(�<Je� � � ���BC	 �= K-> �<(�
#��� � &#��A� ��=��� � ���<=> {BA]� �#Y$p�a1  ��-

�/!
���=�AO> ��
� !�L. �= ������ ,	
��� 21 )19 27 -42.  

,��_L �
� �<o��n ��)-> ��
� ,B;��h �Cm
 � �<� ) K<L#�1400���#��� ,��I � ,��= ��=��� �( �2� .(  �= K-> ��-

,�. � �#L P�I w  �� !
���=�AO> ��L� ��-. 
� �/ �<1#� � P�I � � �� �BN�� 11 )1 (47-63.  



<=&�� >��?� @�-� �� A3B � �	� �� ��CD� �,E �F�:� �,G��7 ��"��� �%�� � �	�1�� 4�H�...  / ��� ����	K�	�"�3 �  981 

,$��	 K<�
 �|> ���<� n�
�-  �,aY1   K<�
)1399 .(y��B� ,� @#1# V<O � , �<C<L#<= ��a� ,=� ��
 )Carthamus tinctorius L.(  �=

,A=#:� {BA]� k 
�L �� K-> � ��� �
�|#��� ��=��� .!
� 
 ? � �	
�� � ��� 9)2(237 -258.  

V	 ��=>Vn�_1
 � �B�<K �Cm
 � ��r� �CH� �
<� )1393.( �<Je� $�A/<? ��I F)� �, vI�L �= �-�  ���)	 �GBh � �L�


jh,  � i�=<��  .y��B�� � P�I k=
�� �BN�<�� 5 )3 (65 -80.  

,C:�O ?G	
n ,���;� M�</n �a��_Z ,!�<��
�n ��aG� �<Cm  ����ah ) ��_�1400 ,$��= .(�<Je� &#BH� L�/�= ? V<)� ��|#��� , 

,��I F)� �H� !
���=�AO> M�R�
 ,� @#1# V<O#O�#� ��a� .������� ,	
�� �= 23 )3 (521-533.  

,BR ��
� �<�
n���ah ��_�n M�s</ ��
� &�C� ��<� �� �_L )1400.(  , �$�)L � ,	
�� ��a� � �$ � ���BC	 !�<� k=
�� ,$��=

!
���=�AO> �� ���= ��-� ��<- )Helianthus annuus L..( ,	
�� !�-�<� ���
 ���)�-�./ 13 )37( 171 -184.  

���)R �<N�n ,B��<= ,EA]� ,B	n ,��L�/ ,	�)R �#E)� !
���� � �<$ ,�1�: !
�$ ) !�<��/1400 ��a� ,=� ��
 .(

!
���=�AO> ��
� , �<C<L#<= � ,� @#1# V<O#O�#� )Helianthus annuus L. (? @� �=  � ���<=> ��-&#BH� L�/ ��-�#�#��� �= ,

V)�)� � ��� .-�<� �
�<1#�, 44 )4 (488 -475.  

M�� ,�� b
�_$n �1
�E� ��
� �a�n ,�
j;B� ,C$�R ?l�� � ,	
� ) b#2; 1399
VB� Kh�� � ��
� ���BC	 ,� @#1# V<O#O�#� ��a� .( 

)Brassica napus L. ( �H��<Je� ,A( � � , �<C<L ��-�#� � ,��I F)�.  �/ �<1#�� ������� F�
��
� 30 )3 (359 -378.  

M�N� ) ,���1395 .(�<Je� !@��A<� {BA]� �#Y$ �� !
���=�AO> ��
� ���BC	 � ,� @#1# V<O ��<�#EI �= ,��I F)� . �BN�

	
�� !�-�<� �<1#�, 9 )4 (121 -136.  

��CH� �CE	 n��s�
 �o� �<Cmn ,��h �Cm
 � M�I &� ) .���$1398� js� � � �� �J
 .(  ���BC	 �
VZ
 � ���BC	 �= �


��| ��<� )Zea mays L.(  �H��<Je� ?A(<$ P�I {BA]� ��- ����. ������ ,$�)L M#=� 11 )1 (295 -307.  

��
�� 
�<C$n {$# �#/ �<N� � ,�<1�)	 ) w=�=1394 .(�<Je�  �
VZ
 ���BC	 �= (��� � K->) �js�V � ���)	 ,��= ��=���

��� �
� \��$
 � ���BC	 )Foeniculum vulgare Mill..(  !�-�<� ��2<2H�
� 
 �Y;� � , ��
�! 31 )5 (753-762.   

,�BY� ) ?<m� ��O1396 .(�<Je� ��� BC	 �= �a(O ��
jh ���)	 bjZ ��,   ��
��,  	
��, ���  ��Q<$ ��<), . � b> � ���

P�I 31 )3 (899-886.  

��R� �<;$�CH� n{<$ ��
� �<;$n K ��
| �o� �<Cmn , 
��� S<_$ � ���=> �1� ) �o�<B	 �<$1400 �J
 .(&#BH� L�/ ���#��� ,

� #$ ,a<� � ,C� ��<�#EI ,I�= �= V)�)� � ��� K-> )Glycine max L. ( F)� �H�?� ,=>. F)�  M#B	 �� ,Y<H� ��-

	
��, 14 )3 (703 -718.  

V ��� �#<H  M�)_L � ,2<2m ���=>��� ) �o�1382 .(�<Je�  �� ���_= �
VB� ?R� �$ ���BC	 �
VZ
 � ���BC	 �= ���H� ���<=>

V ��� , 
#- � b> k 
�L. F-�./ !
� 
 ,	
�� ��- 1)2 (305-313.  

,_B1
�  V ��/n �#/ ��s�
 �o��CH�n ��
��� ?L�-n ��<I
الله �#� � ��<�
 ) b#<	1396 � ��
� ���BC	 �= ,��I F)� �J
 .(

!
���=�AO> ?R� �� Kh��. �I 9:�)� �� ,	
�� M#B	 ��2<2H�w 1)1 (65-76.  

,�
�C- �$���
�V  �CH�n ����R ��A]�n ����R &��R
�CH�n �)��)- ,1�Z �<;$ � ��<;$ ) K(H�1398 �J
 .(&#BH� L�/ ,

r���� �= , �<C<L ���<��� ,I�=!
���=�AO> �VA)$#AO ��<�#EI � b> k=
�� ���� � )Helianthus annuus L. ( ��

? @� {BA]� ���<=> ��-. F-�./ � 
 ,	
�� ��-!
 17)3 (477-489.  

  

References 
Abbasi, A., Sayadiazar, Z., & Lotfi, R. (2021). Evaluation of biochemical and physiological changes of 

safflower (Carthamus tinctorius L.) with the application of zinc and iron nanoparticles under different 
moisture conditions. Iranian Dryland Agronomy Journal, 9(2), 237-258. 
https://doi.org/ 10.22092/IDAJ.2021.121182.206  (In Persian).  

Aboutalebian, M., & Baba Raeisi, A. (2017). Effect of zinc sulfate application method on maximum leaf 
area index, yield and yield components of sunflower (Helianthus annuus L.) under water stress 
conditions. Iranian Journal of Field Crop Science, 48(2), 339-350. 
https://doi.org/10.22059/ijfcs.2017.125338.653877. (In Persian). 



982                                      � ������  !"#��� ���� ���	 � 
�� ����� � ������1402 

Afshani, S., Amirnia, R., & Hadi, H. (2015). Investigation of the effect of foliar application iron spraying 

and zinc on yield and yield components of autumn rapeseed (Brassica napus L.) In low irrigation 

conditions. Iranian Journal of Field Crops Research, 13(1), 43-52. 

https://doi.org/10.22067/gsc.v13i1.48315. (In Persian). 

Ali, A. U., Sarwar, G., Aftab, M., & Sher, M. (2016). Effect of soil and foliar applied copper on growth 

and yield of wheat (Triticum aestivum L.). Pakistan Journal of Agricultural Research, 29(1), 35-42. 

Ansarifard, I., Mostafavi, K., Khosroshahli, M., Reza Bihamta, M., & Ramshini, H. (2020). A study on 

genotype–environment interaction based on GGE biplot graphical method in sunflower genotypes 

(Helianthus annuus L.). Food Science & Nutrition, 8(7), 3327-3334. https://doi.org/10.1002/fsn3.1610 

Asadzadeh, N., Moosavi, S. G., & Seghatoleslami, M. J. (2018). Effect of irrigation regimes and 

application of nano and conventional ZnO and SiO2 fertilizers on yield, yield components and water 

use efficiency of sunflower (Helianthus annus L.). Applied Research in Field Crops, 30(1), 1-20. 

http://doi.org/10.22092/aj.2017.108423.1095.(In Persian). 

Azhand, M., Saeidi, M., Beheshti, A. A. A., & Kahrizi, D. (2021). Effect of Foliar Application of Iron 

and Zinc Sulphate on Yield and some Physiological Characteristics of Camelina (Camelina sativa L. 

crantz) in Rainfed Conditions. Scientific Journal of Crop Physiology, 12(48), 155-172. (In Persian). 

Azizabadi, E., Golchin, A., & Delavar, M. A. (2014). Effect of potassium and drought stress on growth 

indices and mineral content of safflower leaf. Journal of Soil and Plant Interactions-Isfahan 

University of Technology, 5(3), 65-80. (In Persian). 

Babaeian, M., Heidari, M., & Ghanbari, A. (2010). Effect of water stress and foliar micronutrient 

application on physiological characteristics and nutrient uptake in sunflower (Helianthus annus 

L.). Iranian Journal of crop sciences, 12(4), 377-391. (In Persian). 

Balestrini, R., Chitarra, W., Antoniou, C., Ruocco, M., & Fotopoulos, V. (2018). Improvement of plant 

performance under water deficit with the employment of biological and chemical priming agents. The 

Journal of Agricultural Science, 156(5), 680-688. https://doi.org/10.1017/S0021859618000126. 

Cechin, I., Gonzalez, G. C., Corniani, N., & Fumis, T. D. F. (2018). The sensitivity of sunflower 

(Helianthus annuus L.) plants to UV-B radiation is altered by nitrogen status. Ciência Rural, 48(2), 1-

6. https://doi.org/10.1590/0103-8478cr20170369. 

Dendoost Eslam, S. & Yosef Zadeh, S. (2013). Effect of drought stress and micro-nutrient foliar 

application (Zn, Fe and Mn) on qualitive and quantitative characters in sunflower (Cv. Haysan 33). 

Journal of Research in Crop Sciences, 6(22), 25-41. (In Persian). 

Ebrahimian, A., Roshdi, M., Paseban Eslam, B., Khalili Mahaleh, J., & Baibordi, A. (2008). Evaluation 

of Fe and Zn application methods on yield and yield components of oil sunflowers. Journal of 

Research in Agricultural Sciences, 2(7), 15-27. (In Persian). 

Emami, A. (1996). Plant Decomposition Methods. Tehran: Publication of Soil and Water Research 

Institute. (In Persian). 

Fatemi, A., Moaveni, P., Daneshian, J., Mozaffari, H., & Ghaffari, M. (2021). Effect of Foliar 

Application of Magnesium Nanoparticles on Morphophysiologic Characteristics of  Sunflower 

Cultivars under Drought Stress. Journal of Crops Improvement, 23(3), 521-533. 

http://doi.org/10.22059/jci.2021.307513.2430. (In Persian). 

Javadi, H., Moosavi, S. G., Seghatoleslami, M. J., Ebrahimi, A. R., & Kozegar, M. (2020). Effect of 

methanol spraying on some morphophysiological characteristics, yield and yield components of 

sunflower (Helianthus annuus L.) under drought stress conditions. Journal of Plant 

Productions.  45(1), 29-40. http://doi.org/10.22055/ppd.2020.33127.1888. (In Persian). 

García-López, J., Lorite, I. J., García-Ruiz, R., & Domínguez, J. (2014). Evaluation of three simulation 

approaches for assessing yield of rainfed sunflower in a Mediterranean environment for climate change 

impact modelling. Climatic change, 124(1), 147-162. https://doi.org/10.1007/s10584-014-1067-6 

Ghasemi Fasaei, R., & Ronaghi, A. (2016). The influence of iron chelate and zinc sulfate on the growth 

and nutrient composition of chickpea grown on a calcareous soil. Iran Agricultural Research, 34(2), 

35-40. http://doi.org/10.22099/iar.2016.3427 

Ghanbari, M., Mokhtassi-Bidgoli, A., Mansour Ghanaei-Pashaki, K., & Talebi-Siah Saran, P. (2021). 

Evaluation of Morpho-Physiological and Biochemical Characteristics of Sunflower (Helianthus annuus L.) 

in Response to Different Irrigation Regimes and Spraying of Zn and Mn Nano-Fertilizers. Journal of Plant 

Productions, 44(4), 475-488. http://doi.org/10.22055/ppd.2020.33041.1886. (In Persian). 



<=&�� >��?� @�-� �� A3B � �	� �� ��CD� �,E �F�:� �,G��7 ��"��� �%�� � �	�1�� 4�H�...  / ��� ����	K�	�"�3 �  983 

Gholizadeh, A., Ghaffari, M., Payghamzadeh, K., & Kia, S. (2021). Study on Relationships between Yield and 

Other Agronomic Traitsand Identification of the Superior Hybridsin Sunflower (Helianthus annuus 

L.). Journal of Crop Breeding, 13(37), 171-184. http://doi.org/10.52547/jcb.13.37.171. (In Persian). 
Gupta, N., Ram, H., & Kumar, B. (2016). Mechanism of Zinc absorption in plants: uptake, transport, 

translocation and accumulation. Reviews in Environmental Science and Bio/Technology, 15(1), 89-
109. https://doi.org/10.1007/s11157-016-9390-1 

Halimiyan, E., Mojaddam, M., & Derogar, N. (2020). Evaluation of Agronomic Traits and Corn Grain 
Quality in Response to Micronutrient Spraying under Irrigation Lack Stress. Applied Research in 
Field Crops, 32(4), 1-15. http://doi.org/10.22092/aj.2019.120681.1254. (In Persian). 

Hamed, A., Akbari, G., Sima, K. K., Azam, N., Shirani Rad, A. H., Jabbari, H., & Tabatabaee, S. A. 
(2015). Evaluation of the agronomic characteristics and some physiological traits of canola varieties 
under drought stress. Environmental Stresses in Crop Sciences,  7(2), 155_171. 
http://doi.org/10.22077/escs.2015.171. (In Persian). 

Hamzei, J., Nejafi, H., & Babaei, M. (2016). Effect of irrigation and nitrogen on agronomic parameters, yield, 
grain quality and agronomic nitrogen use efficiency of sunflower (Helianthus annuus L.). Iranian Journal 
of Field Crops Research, 14(4), 686-698. http://doi.org/10.22067/gsc.v14i4.43336. (In Persian). 

Hassan, A. M., & Mohamed, H. E. (2019). L-arginine pretreatment enhances drought resistance of 
sunflower (Helianthus annuus L.) plants by increase in polyamines content. Journal of Plant Growth 
Regulation, 38(2), 600-605. https://doi.org/10.1007/s00344-018-9873-0 

Heidari, M., Goleg, M., Ghorbani, H., & Firozabadi, M. B. (2016). Effect of drought stress and foliar 
application of iron oxide nanoparticles on grain yield, ion content and photosynthetic pigments in 
sesame (Sesamum indicum L.). Iranian Journal of Field Crop Science, 46(4), 619-628. 
http://doi.org/10.22059/ijfcs.2015.56811. (In Persian). 

Heidari, M., Paydar, A., Firozabad, M. B., & Esfalati, M. A. (2020). The effect of drought stress and 
application of humic on quantitative yield, photosynthetic pigments, and mineralnutrients content in 
sunflower seeds. Iranian Journal of Field Crop Science, 50(4), 51-62. 
http://doi.org/10.22059/ijfcs.2018.253008.654448. (In Persian). 

Ibrahim, M. F. M., Faisal, A., & Shehata, S. A. (2016). Calcium chloride alleviates water stress in 
sunflower plants through modifying some physio-biochemical parameters. American-Eurasian J 
Agric Environ Sci, 16(4), 677-693. https://doi.org/10.5829/idosi.aejaes.2016.16.4.12907 

Jalil Shesh Bahre, M., & Movahedi Dehnavi, M. (2012). Effect of zinc and iron and foliar application on 
soybean seed vigour grown under drought stress. Crop production, 5(1), 19-35. (In Persian). 

Jashni, R., Fateh, E., & Aynehband, A. (2017). Effect of thiobacillus and nitrocara biological fertilizers 
and foliar application of zinc and iron on some qualitative characteristic and remobilization of 
rapeseed (Brassica napus L.). Plant Productions, 40(1), 1-14. 
http://doi.org/10.22055/ppd.2017.12067.(In Persian). 

Khodadadi Karkoki, A., Yavarzadeh, M., Akbarian, M., & Askari, A. A. (2022). A Study on the Effect of 
Nano-Fertilizer Foliar and Cultivation Date on Growth and Yield of Potato Santeh Cultivar. Sustainable 
Agricultural Research, 2(1), 19-30. http://doi.org/10.30495/sarj.2022.1956289.1069. (In Persian). 

Kobraee, S. (2016). Effect of zinc, iron and manganese fertilization on concentrations of these metals in the 
stem and leaves of soybean and on the chlorophyll content in leaves during the reproductive development 
stages. Journal of Elementology, 21(2), 395-412. http://doi.org/10.5601/jelem.2015.20.2.966 

Li, Z. G., Min, X., & Zhou, Z. H. (2016). Hydrogen sulfide: a signal molecule in plant cross-
adaptation. Frontiers in plant science, 7, 1621. https://doi.org/10.3389/fpls.2016.01621 

Mamnabi, S., Nasrollahzadeh, S., Ghassemi, G. K., & Raei, Y. (2020). Morpho-physiological traits, grain 
and oil yield of rapeseed (Brassica napus L.) affected by drought stress and chemical and bio-
fertilizers. Journal of Agricultural Science and Sustainable Production, 30(3), 359-377. (In Persian). 

Marschner, H. (2012). Mineral Nutrition of Higher Plants. Academic Press Limited. London, UK. pp. 
347-364. 

Mojaddam, M. (2017). Effect of drought stress on physiological characteristics and seed yield of 
sunflower at different levels of nitrogen . Journal of Crop Production, 9(4), 121-136. 
http://doi.org/10.22069/ejcp.2017.10676.1841. (In Persian). 

Mohammadi, E., Asghari, H. R., Gholami, A., & Khorramdel, S. (2019). Effect of nutrient management 
on yield and yield components of maize (Zea mays L.) influenced by different tillage systems. 
Agroecology, 11(1), 295-307. http://doi.org/10.22067/jag.v11i1.65869. (In Persian). 



984                                      � ������  !"#��� ���� ���	 � 
�� ����� � ������1402 

Motalebifard, R. (2017). Effects of Zinc and Phosphorus Levels on Yield, Nutrients Uptake and Zinc 
Recovery and Agronomic Efficiency in Potato. Journal of Water and Soil, 31(3), 886-899. 
http://doi.org/10.22067/JSW.V31I3.54513. (In Persian). 

Meena, V. D., Dotaniya, M. L., Coumar, V., Rajendiran, S., Kundu, S., & Subba Rao, A. (2014). A case for 
silicon fertilization to improve crop yields in tropical soils. Proceedings of the National Academy of 
Sciences, India Section B: Biological Sciences, 84(3), 505-518. https://doi.org/10.1007/s40011-013-0270-y 

Moradi, S., Pouryousef, M., & Andalibi, B. (2015). Effects of foliar application of micronutrients (Fe and Zn) 
on yield, yield components, and essential oil of fennel (Foeniculum vulgare Mill). Iranian Journal of 
Medicinal and Aromatic Plants, 31(5), 762-753. http://doi.org/10.22092/ijmapr.2015.103612. (In Persian). 

Nikolic, M., & Pavlovic, J. (2018). Plant responses to iron deficiency and toxicity and iron use efficiency 
in plants. In Plant micronutrient use efficiency. Cambridge: Academic Press. 
https://doi.org/10.1016/B978-0-12-812104-7.00004-6 

Pekcan, V., Evci, G., Yilmaz, M. I., Nalcaiyi, A. S. B., Erdal, Ş. Ç., Cicek, N., Ekmekci, Y., & Kaya, Y. 
(2016). Effects of drought on morphological traits of some sunflower lines. Ekin Journal of Crop 
Breeding, 2(2), 54-68. 

Rezaei, M., Nabi Ilkaee, M., Mahdavi Damghani, A., Souphizadeh, S., & Aghayari, F. (2022). Meta-
Analysis of the Impact of Drought Stress on Yield and Yield Components and Percentage of Oil Seed 
Sunflower. Sustainable Agricultural Science Research, 2(1), 31-49. 
http://doi.org/10.30495/sarj.2022.1958837.1076. (In Persian). 

Rezaei Chiyaneh, E., Khorramdel, S., Movludi, A., & Rahimi, A. (2017). Effects of nano chelated zinc 
and mycorrhizal fungi inoculation on some agronomic and physiological characteristics of safflower 
(Carthamus tinctorius L.) under drought stress conditions. Iranian Journal of Field Crops Research, 
15(1), 168-184. http://doi.org/10.22067/gsc.v15i1.49876. (In Persian). 

Seghatoleslami, M. J., & Forutani, R. (2015). Yield and water use efficiency of sunflower as affected by 
nano Zno and water stress. Journal of Advanced Agricultural Technologies, 2(1), 34-37. 
https://doi.org/10.12720/joaat.2.1.34-37 

Seyed Sharifi, R. & Seyed Sharifi, R. (2019). Effects of different irrigation levels, methanol application, and 
nano iron oxide on yield and grain filling components of sunflower (Helianthus annuus L.). Journal of 
Crops Improvement, 21(1), 27-42.  http://doi.org/10.22059/jci.2018.264647.2079.  (In Persian). 

Shahrakizad, M., Gholamalizadeh, A., & Mir, N. (2021). Comparison of Foliar and Soil Application of Iron 
Nano-Chelate on Sunflower Growth Characteristics in a Saline Soil. Journal of Soil Management and 
Sustainable Production, 11(1), 47-63. http://doi.org/10.22069/ejsms.2021.15763.1845. (In Persian). 

Soleimani, R., Nourgholipour, F., & Moshiri, F. (2017). Effect of foliar application of Zn, Fe and Mn on 
seed yield and micronutrient contents of safflower (Carthamus tinctorius L.). Iranian Journal of Crop 
Sciences, 19(1), 1-12. (In Persian). 

Torabian, S., Zahedi, M., & Khoshgoftar, A. H. (2016). Effects of foliar spray of two kinds of zinc oxide 
on the growth and ion concentration of sunflower cultivars under salt stress. Journal of plant 
nutrition, 39(2), 172-180. https://doi.org/10.1080/01904167.2015.1009107  

Umer, S., Alam, S., Sajid, H., Aaqil, K., Asif, A., Li, J., & Awais, S. (2015). Impact of foliar application 
of boron on growth and yield of sunflower (Helianthus annuus L.) under different irrigation 
conditions. Academia Journal of Agricultural Research, 3(9), 219-225. 
http://doi.org/10.15413/ajar.2015.0129 

Vaghar, M. S., Sayfzadeh, S., Zakerin, H. R., Kobraee, S., & Valadabady, A. R. (2021). Effect of foliar 
application of iron, zinc and manganese nano-chelate on some quantitative and qualitative 
characteristics of soybean (Glycine max L.) under water deficit stress. Environmental Stresses in Crop 
Sciences, 14(3), 703-718. http://doi.org/10.22077/escs.2020.3197.1816. (In Persian). 

Valli, S. P., Sudhakar, C., Rani, J., & Rajeswari, R. R. (2016). Correlation and path coefficient analysis 
for the yield components of safflower. germplasm (Carthamus tinctorius L.). Electronic Journal of 
Plant Breeding, 7(2), 420-426. 

Vattani, H., Keshavarz, N., & Baghaei, N. (2012). Effect of sprayed soluble different levels of iron 
chelate nano fertilizer on nutrient uptake efficiency in two varieties of spinach (Varamin88 and 
Virofly). International Research Journal of Applied and Basic Sciences, 3(3), 2651-2656.  

Yadollahi, P., Asgharipour, M. R., Marvaneh, H., Kheiri, N., & Amiri, A. (2017). The effects of drought 
stress on grain and oil yield of two cultivars of sunflower. Crop Science Research in Arid 
Regions, 1(1), 65-76. http://doi.org/10.22034/csrar.01.01.06. (In Persian). 



<=&�� >��?� @�-� �� A3B � �	� �� ��CD� �,E �F�:� �,G��7 ��"��� �%�� � �	�1�� 4�H�...  / ��� ����	K�	�"�3 �  985 

Yahyavi Tabriz, S. H., & Sadrabadi Haghighi, R. (2004). Effect of irrigation on yield and yield 
component of three spring canola cultivars under environmental of Tabriz. Iran Journal of Field Cops 
Research, 1(2), 305-313. (In Persian). 

Yazdandoost, H. M., Ghobadi, M., Ghobadi, M. E., jalali, H. S., & Saeidi, M. (2019). Influence of foliar 

application of some chemicals on gas exchange, water relations and photosynthetic traits in sunflower 

(Helianthus annuus L.) under different irrigation regimes. Iranian Journal of Field Crops Research, 

17(30), 477-489. http://doi.org/10.22067/gsc.v17i3.76843. (In Persian). 

Yin, H., Gao, X., Stomph, T., Li, L., Zhang, F., & Zou, C. (2016). Zinc concentration in rice (Oryza sativa L.) 

grains and allocation in plants as affected by different zinc fertilization strategies. Communications in Soil 

Science and Plant Analysis, 47(6), 761-768. https://doi.org/10.1080/00103624.2016.1146891 

 


