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Abstract   
The effect of water deficit stress has been evaluated on oil quality and yield of 11 sunflower hybrids in Karaj during 2012 and 2013. Three 

separate experiments have been carried out as the base of randomized complete block design with three replications to apply water deficit 
stress treatments. Irrigation of control, mild, and severe stress treatments are performed on the base of 60, 120, and 180 mm evaporation from 

Class A evaporation pan, respectively. Results show that seed yield has decreased about 18% and 33% in mild and sever water deficit 

stresses, respectively. Yield and oil percentage are affected by hybrids and the interaction of year and stress. Barzegar hybrid, with an 
average of 2846 kg/ha, has had the highest grain yield. It is also in the top group with 43.65% oil. Yield and seed oil percentage are affected 

by environmental conditions of years, while water deficict stress has no significant effect on oleic and linoleic acids. However, there is a 

strong negative correlation between oleic and linoleic acids. Hysun 25 and Sirena cultivars are suitable for oil production with higher oleic 
acid and Barzegar and G6×R-43 are suitable for oil production with higher linoleic acid. 

 

Keywords: Fatty acid, seed filling duration, seed yield, sunflower, water deficit stress. 
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 *,L� �$� #� 

��� �
�
 ��? ���� *�6�Y #�$� �� �,0 ��$ � N�� 

#� ;�
�
 ,� 6/39 � 2/38 8�� 8$ 1�,��� A�,� �#�0� 

.��� �� �,0 ��$ j�=� �	
 F0�-� ;(0 �),� 

A�,= #:�
 ���� *�6�Y #�$� �6 #� ,� �	
 �
�6 �� 

���9 1�,�� �^�,L� �$�= .�	-.�9 �� �,0 N�� �	
 

�
�6 ;(0 �),� A�,= #:�
 ��? ���� *�6�Y #�$� 

.�6 �� #�
,S� >�E0 ��$ �,0 � �	
 �� �
�(�) ,���0 

��? ���� *�6�Y #�$� ���m �,^U 8�� � �� 
�(�)� 

{!6 ���m #0 8�� ��� 8$ �,0 ��$ .��� �<,m��#� 

�� 1,)�
�(�) *,�
,) 36 � ��(�,0 ��? ���� *�6�Y 

#�$� �� �,0 N�� ��� �
 8$ �,0 ��$ .��� �� 1�$�b
 8$ 

,)�
�(�) �	�,� �
�(�) Cz�. R-43×G6C �0,= � *,�
,) 

25 i�� f�,�
 A�,= �^:�
 �� �� �,0 �
,�8� ��:� 

.�6$��   
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K�0' 2. �-LT� U%	-�(� V:$� F	�� ��/� �.�	H� 

��+�,�� f,b���  
#:�� 1�$8� `(	� f$���g
  

0$�� <�	<�	�Z 0$�� <��<�	�Z  0$�� �<�$�Z 0$��  ���� #�$� ��� !" #�$� ��? ���� *�6�Y #�$� 

 **1242/0  22/0  2/0  **82   **60804829  1/1  1 �,0 

0035/0 31/3 3/3 4   **24269911   **7/112  2  �	
 

0009/0 59/10 6/10 4   **1089444  **7/54  2 �,0×�	
  
0014/0 16/6 2/6 4/1 272305  5/14  12  �,(-6$ 

 **0151/0  **50/17  **5/17  **12   **1613152   **2/102  10 �
�(�) 

 **0094/0  **56/40  **6/40  **38 
**636480   **6/19  10  �,0×�
�(�) 

 **0038/0 76/5 8/5 0/1  113367  9/5  20 �	
×�
�(�) 

 **0037/0 54/6 5/6 3 102344  6/3  20 �,0×�	
×�
�(�) 

0010/0 86/4 9/4 864 86649  2/6  120 �,(-6$ 

4/22 2/3 2/3 8/2  9/12  94/2  ;
�p f$���g
 (�Q��)  

  
 ��(�(K�0' 2. �-LT� U%	-�(� V:$� F	�� ��/� �.�	H�  

��+�,�� f,b��� 
#:�� 1�$8� `(	� f$���g
  

0$�� �,�-0$
Z  0$�� 	^��Z  0$�� 6$����
Z ��0$  0$�� !<,Y�-�Z 0$�� !<,Y��<�-�Z 

 **83/12  0061/0   **089/0  *89/3  22/0 1 �,0 

 **04/2  0524/0  004/0 28/0  31/3  2  �	
 

15/0  0001/0  006/0 07/0 59/10 2 �,0×�	
  

07/1  0345/0  009/0 46/0 16/6 12  �,(-6$ 
 **69/2   **0588/0   **013/0  **57/1   **50/17 10 �
�(�) 

 **03/5   **1225/0   **023/0  **24/1  **56/40 10  �,0×�
�(�) 

 *66/0  0197/0  006/0 45/0 76/5 20 �	
×�
�(�) 

49/0  0269/0   **012/0 37/0 54/6 20 �,0×�	
×�
�(�) 

35/0  0190/0  005/0 43/0 86/4 120 �,(-6$ 

2/11 8/22  4/25 8/9 2/3  ;
�p f$���g
 (�Q��) 

:** � * #�
�
�; uM-]$ 	b���$� �� yE0 �,!-m$ 5 � 1 .�Q�� �$�"$ #|$�$ ��6 �� ���: ��+�,�� f,b��� ���6,�.  

  

f�,�
 �� ��? ���� *�6�Y f�,�-� �� 1,)�
�(�) 

*$��+�,-.� � �S� *� F0�
 �)�tY *$�9 a -K� h�$i9 

��6 �0$ )Daneshian et al., 2010; Zareei Siahbidi et 

al., 2018.( P
,-� #�
,S� ��+�,�� ��� !" #�$� �� >�E0 

a -K� �	
 *,L� �$� #� ��+�,�� �
$ ��Q �� F
$�6 

1�,��� D� E� (�),6) ��$�� 2859 N�9� �� �� �,-�) ��� � 

1,)�,!�
 �	
 F0�-� � �
�6 ��� !" #�$� $� �),� ���$� 

� #�;�
�
 2345 � 1651N�9� �� #�$� �� �,-�) ��<�
 .�����   

�� �	
 ��0 ����
  �	
 F
$�6 �� #�$� ��� !" �� ���

��� �
�6 #� C��� F0�-� �	
 8$ �
1��? �.$ #�

 F0�-� �	
 F
$�6 �� #�$� ��� !"9/17 �Q��  �� �

 �
�6 �	
 F
$�62/42  F
$�6 ,� #�
,S� �� �Q��

�)�tY .��� D� E� 1�,���  # !: 8$ 1�,��� *$�9

Yadollahi Dehcheshmeh et al. )2014 ( � Mobasser 

& Tavassoli )2013 ( �� *$��+�,-.� ��� !" �),�

�� �	
 F
$�6 ���� h�$i9 $� ��� .�  
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K�0' 3. ��-	�� @)B%	)��	� W/H6 $7( D�	�
� K	6 � 0-$1)� �� �$<=
2 �%(� � F	�� �
��(� �� �;  
���� #�$� )%(  ��� !" #�$� )kg ha-1(  ��? ���� *�6�Y #�$� )day( 

�
�(�) 
�,0 N�� �,0 ��$ �,0 N�� �,0 ��$ �,0 N�� �,0 ��$ 

ab7/45  bc7/43 b 3304 bcd1597 a 2/41 ab 3/39 A9�k� 

ab4/45  ef9/41  a 3691 a 2002 b 7/38 abc0/38  �98�� 

c1/43 bc0/44 de 2624 d 1282 c 3/33 d 8/33 z�. 

b0/45 a1/46 cde2698 a 1994 ab 6/40 abc3/38 R-43×G5 

d4/41  b7/44 bc3026 ab 1957 ab 0/39 ab 1/39  R-43×G6 

cd5/42 bc7/43 e 2483 abc1843 c 4/35 cd 9/34  �0,= 

cd8/42 bcd5/43  e 2430 cd1580 c 0/34 bcd6/36  {!6 

b9/44  cde3/43  bcd2952 abc1755 c 9/33 a-d 6/36 ,���0 

a9/46 def2/42  e 2474 abc1775 ab 7/40 a 9/40 *,�
,) 25 

ab9/45  g4/40 e 2348 d 1334 ab 2/39 bcd6/36 *,�
,) 36 

b2/45  fg2/41  b 3202 abc1922 c 7/34 a-d 3/37 ��(�,0 

�� �) *�-0 �
,)�
�(�) #� 1$�$� u��m �^�,L� C�	-�) ,� *��8� LSD �� yE0 5 �Q�� �� ���9 1�,�� �^�,L� �$�= .���$�  

  

#�
,S� >�E0 ��$ A�,S-� �,0 � �
�(�) *,L� �$� #� �� 

�,0 ��$ ��� �
�
 ��� !" #�$� 8$ �
�(�) �98�� ,� ��� 8$ 2 

�
 �� �,-�) #� �0� ��� #� #��$�!) ��) �
�(�) �+
� �� 

���9 1�,�� �^�,L� �$�= �	-.�9 ���:) 3.( �� �
�
 

��� !" #�$� i�� 8$ �
�(�) G���8 z�. �# �0� .��� �� �,0 

N�� �
,�8� i�� �
�(�) �98�� ,� 3691 N�9� �� �� �,-�) 8$ 

��� �
�
 ��� !" #�$� �$���]�� ��� #� #� �
,^	
 �� ���9 

1�,�� #�,9$�:1$ �$�= .�.�9 �0��� ��bp� 1,�� $�) 

*,L� �$� #� ��+�,�� 1,�� $�) �� �� Am$�� *�6�Y #�$� � 

�
,^-�$ �6� �� �,0 N�� ��� 8$ �,0 ��$ ��� A�6) 1( #� 

�� �$�
� ����
 ��	� �� ��� !" #�$� $� #� �$�!) #-6$� .�6,� #� 

�
$ ;�
�
 1,)�
�(�) G��
� 8$ F
$�6 1�-^� �� *,�8 

*�6�Y #�$� �$���]�� �	)$�] .�6 

#�
,S� ��+�,��,) *,L� �$� #� �Q�� ���� #�$� �� �,0 

N�� ��� �
 8$ �,0 ��$ .��� ��+�,�� �
$ ��Q �� �,0 ��$ 

� N�� #�;�
�
 ��$�� 1/43 � 4/44 �Q�� .��� ��:� F
$�6 

;0,	� �E�R� #�A�<� ��
,Y*����
 1,�� $�) �� *,�8 

*�6�Y #�$� �� �,0 N�� ;(0 �
$i.$ �Q�� ���� .�6 

j�=� �	
 
���� A�,= �^:�
 $� �� �Q�� ���� �	b�1�$� 

.�6$v+� Sezen et al. )2019( h�$i9 ���$� #� �Q�� 

���� #���? �	b�1�$� �R
 ����
 AQ$�. 1�,��� � *$i�� 

1�,��� �$�= �����9. ,�$ Erdemoglu et al. )2003( i�� 

h�$i9 ���$� #� &�
��' � A�$�" �!� =$ �	�,� C,�� j,�
�$ � 

*,!-],0 @,] ��� �
 8$ 1�,��� �� *$i�� ���� *$��+�,-.� 


���� ��$�.   

#�
,S� ��+�,�� >�E0 ��$ A�,S-� �,0 � �
�(�) *,L� �$� 

#� &�
��'1,) ���� �0��� 8$ �,R< �Q�� ���� �� 

���91,) 1�,�� f�,�-� `=$� ���6 ���:) 3.( �� �,0 ��$ 

�
�(�) R-43×G5 ,� 1/46 �Q�� ��� �
�
 �Q�� ���� 

#�$� $� ��<�
 .��� �
$ �
�(�) 8$ ��? ���� �6� ��� 1�
 

�(�� #� �
,0 ,)�
�(�) �$���]�� .��� �� �
�
 �Q�� ���� 

i�� 8$ �
�(�) *,�
,) 33 �#�0� ��� #� #� �$�!) ��(�,0 �� 

���9 1�,�� �^�,L� �$�= �	-.�9 #� ��? ���� *�6�Y #�$� 

�� 1�
 .�6$� �� F
$�6 �	
 C�
�6 �+-�(!) �(}� � 

�	b�1�$� ��� �Q�� ���� ,� ��? ���� *�6�Y #�$� � ��� 

�Q�� ���� #�$� �� F
$�6 �	
 �
�6 ,� uM-]$ 1,�� 

;6 � 8�� ��:� .�6$�   

P
,-� �#�0� ���� 8$ ���: #
iO
 {�,
�$� *,L� ���$� 
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#� �Q�� 1,)��0$ D�U j,(6$��� �R
 
���� ��$ ��,0 

�
�(�) � ��$ A�,S-� �,0 � �
�(�) �$�= �	-.�9 � ,^	
 �� 

Z�	<�	�< ��0$ ��$ �,0 � ��$ A�,S-� �	
 � �
�(�) � ��$ 

#0 #�,9 ,)�,!�
 �� *� �	b��$� ��� ���:) 2.( h�$i9 1,) 

,	-�=�s �� ��$ �	
 �� ��� �� 1,)��0$ D�U ��:� .��$� 

Flagella et al. )2004( h�$i9 ���$� #� 
���� �	
 ��L] 

�� *$i�� ���� #�$� #-�� #�f�6 � *,�8 j�=� �	
 f�,�-� 

� #E�$� ��� ;���
 1,)��0$ D�U ,� �	
 ��L] �� 

*$��+�,-.� a�bp 0$.� Patanè et al. )2017( i�� h�$i9 

���$� #� 1�,��� �� *,�8 �)� 9 ��!� �0$ �� ;���
 

1,)��0$ D�U ��w� 6,�.� ,�$ h�$i9 �
,) ��:� ��$� #� 

#� �),� ,
 �
$i.$ 1,)��0$ D�U j,(6$��� ,� j�=� �	
 

��,6$ ��$� )Santonoceto et al., 2003; Ebrahimian et al., 

2019.( $1,)��0 D�U j,(6$��� Z��<�	�< ,
 ,+�$6 � Z��<�$ 

,
 ,+�$9 8$ 1,)��0$ D�U 1���p ���	6,� #� ���m 90 

�Q�� 8$ 1,)��0$ D�U ���� *$��+�,-.� $� A��L
 

�� �	)� )Izquierdo & Aguirrezabal, 2008.(   

#�
,S� >�E0 ��$ A�,S-� �,0 � �
�(�) *,L� �$� #� 

f$���g
 *$i�� ��0$ D�U Z��<�$ �� ���� ��� 9/15 ,
 

9/21 �Q�� �� �� �,0 �
,�8� ���g
 �6$� ���:) 4.( �� 

#�
,S� �,0 ��$ � CN�� #0 �
�(�) ,� �
$i.$ � P	Y �
�(�) ,� 

�),� ��0$ Z��<�$ #:$�� .���6 ��� �
�
 �),� #� *$i�� 

5/3 �Q�� �� 1,)�
�(�) A9�k� � R-43×G5 ��),L� .�6 

��� �
�
 �
$i.$ i�� �� 1,)�
�(�) ��(�,0 ,� 5/4 �Q�� � 

*,�
,) 36 ,� 6/3 �Q�� �#�0� .��� �� �,0 N�� f�,�
 

A�,= �^:�
 ��� ,)�
�(�) ��:� �6$��.  

�� F
$�6 1�,��� D� E� �+-�(!) ��	� � �	b� 1�$� 

yE0�� 5 �Q�� ��� *8� #�$� � ��0$ Z��<�$ )659/0 -=r( 

�:�� .�6$� #�
,S� �,01,) N,O�$ �
,�8� i�� *,L� �$� #� 

�
$i.$ 1,�� $�) 
���� ��	� �� �Q�� ��0$ Z��<�$ �� #�$� 

.�6$� #E�$� ��� ��+�,�� 1,�� CA=$�m �}�$�m � #:�� 8�� 

�6� #�$8�� � ��+�,�� ,�� �� ��? ���� �6� ��	� � 

�	b� �$� .��� #� 1$8$ �
$i.$ Z
 #:�� G��� 0 �� 1,�� 

$�) ��0$ Z��<�$ #� *$i�� 51/0 �Q�� �),� .�.,
 

�+-�(!) �(}� � �	b�1�$� i�� ��� ��? ���� *�6�Y #�$� 

� ��0$ Z��<�$ �� yE0 Z
 �Q�� )48/0=r( ��:� �6$�. 

#� 1��? #� #� 1$8$ Z
 8�� �
$i.$ ��? ���� C�6� *$i�� 

��0$ Z��<�$ 19/0 �Q�� �
$i.$ .,
� A�6) 2.(  

  
K�0' 4. ��-	�� @)B%	)��	� �	�0)6( >$? $)A X	1�( �� W/H6 $7( D�	�
� K	6 � -$1)�0 

0$�� Z��<�-�!<,Y %( 0$�� Z��<�	�< )%(  0$�� Z��<�$ )%(  
�
�(�) 

�,0 N�� �,0 ��$ �,0 N�� �,0 ��$ �,0 N�� �,0 ��$ 

cd050/0  bcd062/0 8/67  ab8/70 4/17  d2/16 A9�k� 

d044/0 bc066/0  6/68 b6/70 5/17 d2/16  �98�� 

bcd064/0  a084/0  1/69 c1/68  7/17 bc4/18 z�. 

bcd058/0  d046/0 6/67  b7/70  0/18 d1/16 R-43×G5 

ab083/0 bcd057/0 2/68 c3/63 2/18 cd5/17  R-43×G6 

bcd057/0  cd049/0 6/69 cd5/67  3/18 bc6/18  �0,= 

abc076/0 ab073/0  7/67  a7/72  8/18 d9/15  {!6 

cd053/0 cd056/0 3/69 cde4/66  8/18 bc8/18 ,���0 

a089/0 d046/0 3/67  cde9/66  5/19 ab5/20 *,�
,) 25 

cd052/0  bcd058/0  5/69 de1/66 6/19 a7/21 *,�
,) 36 

bcd059/0  bcd062/0  3/69 e2/65  7/19 a9/21  ��(�,0 


��
,)�,! #� 1$�$� u��m #�,L� ��C�	6,� ,� *��8� LSD �� yE0 5 �Q�� �� ���9 1�,�� �^�,L� �$�= ���$�.  
N�" #|$�$ ���9 1�	� #���7	� �$�= �-.�9 #� � ,)�
�(�) �� Z
 ���9 1�,�� ��.�6,�  
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D<� 2. $)7	� �	�� (/� � K/Y ���� �0�$# �%(� $� 0��� 0)6( Z)[��(  

  

��0$ Z��<�	�< 8$ 1,)��0$ D�U 1���p �0$ #� 8$ 

�7� #
vg
1$ 1$�$� ��!)$ 1�,
8 ��.�6,� �� #�
,S� >�E0 

��$ A�,S-� ��0$ CZ��<�	�< P	Y �
�(�) ,� �),� � �,^U �
�(�) 

,� �
$i.$ �(�� #� �,0 ��$ #:$�� ��6� ���:) 4.( �� 

�,0 ��$ �
�(�) {!6 ,� 68/72 �Q�� ��� �
�
 1$�-R� 

Z��<�	�< $� �6$� #� ,� A9�k� �� ���9 1�,�� �^�,L� �$�= 

�	-.�9 ���:) 4.( �� �,0 N�� i�� #� � ,)�
�(�) �� ���9 

1�,�� �^�,L� �$�= .�	-.�9 ,� ��(^� F
$�6 �E�R� � �),� 

1,�� $�) �� �,0 N�� #� �7� ���0� ��$ A�$�" ���-�' 


�1��� ��� 1�
 �(�� #� A�$�" �E�R� �� �
$ f,�Q 

#-6$�.��$ �� 1,)�
�(�) ��(�,0 � *,�
,) 36 #� ��� �
�
 

�
$i.$ �� Z��<�	�< $� C�	-6$� ��� �
�
 �),� �� ��0$ 

Z��<�$ �#�0� .��� 1,)�
�(�) ���v� {Y 8$ �
�(�) ��,!6 

8 8$ �Q�� ���� ��� 1�
 �(�� #� �,0 ��$ �$���]�� 

.����� �) ��	U �+-�(!) ��	� � �	b�1�$� ��� ��? ���� 

*�6�Y #�$� ,� ��0$ Z��<�	�< )645/0 -=r( ��:� .�6$�  

P
,-� �
$ �)�tY *,L� �$� #� 1,)��0$ D�U Z��<�$ 

� Z��<�	�< �R
 
���� �,!�
 �	
 �$�= �	-.�+� ���:) 2(. 

,�$ Sezen et al. )2019( #E�$� �E] �	b� 1�$� $� ��� 

��0$ Z��<�$ � ��0$ Z��<�	�< �� #�
,S� ,� ��K(
 � ��b
 

h�$i9 .�����  

Flagella et al.  )2004( h�$i9 ���$� #� �	
 ��  ���

#�*$i�� A�,= ^:�
� �� 1$�-R� 1,)��0$ D�U j,(6$ 

��L� Z��<�$) � (Z��<�	�< ����
 ��.��$v9 �� �0��� 
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