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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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� � i�= ��� �GBh S��L F ���> K 
 �� � i�= ?<$�A/ �GBh 
��
�

�
�;� 
��
� ��
� ��  !�� 
9�:��
��
V-���#= b> D�E� , 
��� 
�L
��= vI�L 
,A( � ���BC	 
��
� ���BC	 
 .�<!
V 

���)	 
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	���&  
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