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Abstract 
In order to evaluate the planting date delay on phenological traits, yield components, grain yield, and linoleic and linolenic fatty acids of new 
sunflower hybrids, an experiment has been conducted as split plot in a randomized, completely block design, with four replicates at the field 
of oilseed section of seed and plant Improvement during 2014-2016 growing season. The treatments include seven sunflower hybrids 
(Barzegar, Farrokh, Haysan 36, Qasem, Shams, Azargol, and Haysan 25) on three planting dates (15 days after harvest of autumn (wheat), 
July 1, July 15, and July 30, respectively). The experimental results show significant effects of planting date on all traits except number of 
seeds per head and linolenic acid at the level of 1% and on the percentage of oil and linoleic acid at the level of 5%. The studied hybrids are 
significantly different in all traits except linoleic and linolenic fatty acids. The latest experimental hybrids include Barzegar and Azargol 
hybrids and the earliest hybrid is Farrokh. The highest grain yield is obtained from the date of the first sowing at the rate of 2840 kg / ha and 
in the case of delayed sowing the yield is reduced to 41%. 
 
Keywords: Cold stress, delayed cultivation, oilseed, percentage of oil, sunflower.  
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��* *��_�  �!" ������ ��*��(2 5�/ / d4= �* ���W

 .���������� ����5��� �* aP/� �"�* ���W �W��3� 

$
%�&�
(�' �� �2  �� �9
���8 J� d4= �  ��=

�'*�@� ���*�� / ��*�2 �� d4=�2 ��) ���� . �A)

S��K73� / ���������W #aP/� ��* ��7���3�V �2 / ���W

(k� U|3 ��*�2 0��38 �� .�*�V ��*�2 �� �*�!73� �� 

���) ,���3 NI8 ���3 ���� U	-
�  �* (5�-&8

���* 45 )�* �7��3*��W / �Ql �*?������ $9� 

aP/����W �� .�Ql *�)�� �* aP/� S��K73� ��� 

�� �*�!73� 5/8 �� �N� }� �* ���* 45 )�* 

�7��3 *��W ���3��) ) ��Azadmard-Damirchi et 

al., 2005������ ���� �
�A� �* / ( �"�* ���W

��2�73� 0�1 ��2��3� �,�7� ��3� #0�1 ?4; �� (�&��8 

g3�� ��3) t��W����/�� ��W GC-2010 ���3 

/�*�-�� ���|-� #(aV�% �� �*�!73� ��  v/�Bading & 

De Jong )1983�A� ( j�,K� .�� ?"�l �* ���* 

r��� / �  �� $
 M�;* �  �� ]2 �*� �� / U|3 

%��!
�7��3 )1500 �/* �* �� (M�;* .
h �
/� g3�� 

$
 ~��3/�+�� (�-� ���3��) g3�� / �'�" 

) ��V/�+��22/0  �7�/�+�� (?��* ����/�+�� t�" / 

�� 5��� d
�(� � �) ��673*����A6� �3 �� .d
�(� 

��2�73� �,�7� �*�� *�����73� / ��-� e�3���  v/�

5��3�(�&���� / *�����73� �)��� X�o�� ) �'�WBading 

& De Jong, 1983(. *�* ?�,N� / 
(o� ����� �� �2

X�� ��('� SAS ) K��1/9 ( a�6����  ��
�M� X�o�� ����

�	1 5���8 ��  ��-7l� bc3 �* a+��* 	��*5  / �"�*

X�� �� �2��*�-� ]3� ������('� Excel �� �*�!73�.  
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 LE
1. 0���! N��8 � �!� 7I0�!� ��� ('�  ?$!('��)1363-1399  ��(R,5 DJ�AB# ��IJ.�'  

  

 S�$21�T��� .U	* �� V��!(9 L�! W�/ ���	
 � �E��C ��� ���30-0  �60-30 �J0�# ,J!  

0R) ?��; ]�3�7V  

)mg.kg-1( 

0R) ?��; �!�'  

)mg.kg-1( 

?� 5%/�7��  

)%( 

�+
�7+&� �
��2  

)dS.m-1( 

�&8 a���  

)%( 

7
��3�  

)pH( 

>�� d-.  

)cm( 
��3 

195 1/10 08/0 2/2 71/0 25/7 30-0 
1394 

155 2/9 11/0 6/1 80/0 55/7 60-30 

223 1/11 09/0 3/3 69/0 15/7 30-0 
1395 

197 3/8 13/0 1/2 75/0 25/7 60-30 

  

3. ���� � ��   

3 .1. !�
 !" #�	�$�%& '() *���
� ��+,- ����  

 �*�3 U��
��/ 
(o� e�3��� / ���� �
��� ���

*��_� �� �
�4�2 �/� �� ���73 #5��(43�� `	V #5�� 

�"�*  #�2�,W75 �"�* 5�
�V #�2�,W ��= / �2�,W 

��/* ��� �	_� �"�* $
 bc3 �* �/�)) *�� ��*2 .(

�= ���� X�h ��2�/� *��_� a�6����  ?l��� 5*��

 / �'�
 J2�� ���� �
��� ����� �N� $
%�&�	'

J��  �� $
%�&�	' ?l��� � 5��3� �� �/� *��_� a
��

� �/� ���� �
���  .��8 �3* �� ���� �* �����

 J2�� � �o	� � *�� ���-2 �/� ��= / ��* J
�('�

� �/� *��_� .�
*�W d4= ��A�  ,l�� �� ���� �

v��(W ��2 �	_� J2�� �� ���l �*�
� �/� *��_� ��*

 �� ���� �� � 5��3���� ?l$
%�&�	'  ����� ��� ��

�� ���� �* ���� )Maiorana et al., 1990 a�� .(

*��_� ��� �� �2�
�4�2 �/� ��  ?l��� � 5��3�

�	_� *�)/  /�!� (�� $
%�&�	' *�)/ ���*  / ���*

���� �
��� �*  / �W��� ��2�
�4�2 z,7K� ��2

 5��
�225 � J�� #:���� ]� / a
��  ���� �� 5��� a
��

 ��*�* n�@7�� *�� � $
%�&�	' ,l�� �2 � 5��3�

 �/�))3a
� .(  /�!��2 ��� ����� Q7�� �,. t

58 ��3��l / _&�c�*��� X�;�� �+�7�%  �/� ��= � �2

���� ��* / )Zamani et al., 2002.( ,7K� X�;�� �*z 

 a
� / �*��  /�!7� $
%�&�	' ?l��� �	P/� 5�2��W

. � �3� �	_� 5���Q #�c�N� ?���. �� �/

��		� a��_� JM� #];� � 7���/ �+�7�%  ��"�@� ��

����* �-�/��� ?l��� �� $
 �2 ��= �* 

)Shiresmaeili & Khodabandeh, 2006 .(  
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S�$2 2 .Y0���'� ���Z; ���# S�' S�# �� D�@A�ABC ?��� 

 �_��� a�6����  
 )�*  

�*��8  
���k� L4	�   ��/* ��=  

��� 

 �� �/� *��_�  

�2�,W 5�
�V 

 �� �/� *��_�75   

�2�,W �"�* 

 �� �/� *��_�5   

�2�,W �"�* 

 �� �/� *��_�  

���73�� 5�� 

 �� �/� *��_�  

5��(43 

46/13 01/8 67/4 86/9 66/1 98/0 3 ���+� 

**96/787  **3/153  **23/122  **51/177  **04/225  **94/40  2 ���� �
��� 

33/5 2/2 27/2 85/2 31/1 73/0 6 (���� �
���) ���+� 

**35/53  **78/28  **69/17  **55/11  **36/12  **27/8  6 �
�4�2 

ns44/8  **03/17  **30/11  **21/14  **45/2  **12/2  12  ���� �
��� ×�
�4�2  

12/6 77/3 39/3 84/3 82/0 38/0 54 �c� 

35/2 64/3 63/3 22/4 30/3 81/13   ����k� :
�m )%( 

ns�8 :** � * &  \;,;]^J/' 3�$8 �B"! �B"! ]^J/' � �'�  S�	J4' _`# �� �'�5  �1 .$��� 

 
S�$2 3  .,:' L8� J!  <���; =
�5  � $�,H� ?��� S�' S�# �� D�@A�ABC 

 ��=  

��� ��/* 

 �/� *��_�  

�2�,W 5�
�V �� 

 �� �/� *��_�  

75  �2�,W �"�* 

 �� �/� *��_�  

5 �2�,W �"�* 

 �� �/� *��_�  

���73�� 5�� 

 �� �/� *��_�  

5��(43 
�
�4�2 

 �
���  

���� 

8/113 a 0/62 a 3/57 a 0/52 a 3/32 a a 3/8  �W��� 

��� �/� 

3/105 d 3/53 c 0/51 b 0/46 c 5/28 b b 5/6  Z�' 

3/109 bc 5/55 c 3/52 b 5/48 bc 0/32 a b-d 0/6   5��
�236 

5/107 b-d 5/54 c 0/52 b 3/48 bc 3/29 b de 8/4  ]3�; 

3/107 b-d 3/54 c 3/51 b 8/47 bc 0/32 a bc 3/6  U-� 

5/110 ab 5/58 b 0/55 a 5/50 ab 3/32 a c-e 0/5  ?W�\8 

8/104 d 3/53 c 5/50 b 8/45 c 8/28 b e 3/4   5��
�225 

5/103 a 5/54 a 5/51 a 8/45 a 0/27 a 0/5 a �W��� 

15 ��� 

3/97 b 3/51 bc 3/48 b 0/43 bc 0/25 d 3/3 b Z�' 

3/98 b 8/51 b 0/49 b 5/44 ab 8/25 bc 0/5 a  5��
�236 

0/96 b 0/50 bc 0/48 b 5/42 c 8/24 d 0/3 b ]3�; 

8/98 b 8/49 c 8/47 b 3/43 bc 3/25 cd 5/3 b U-� 

5/99 ab 8/50 bc 8/47 b 8/43 bc 0/26 b 0/5 a ?W�\8 

0/96 b 5/49 c 8/47 b 5/42 c 8/24 d 0/3 b  5��
�225 

3/110 a 0/56 a 8/51 a 0/47 a-c 8/26 ab 3/4 a �W��� 

30 ��� 

3/105 c 5/54 ab 8/51 a 3/50 a 0/25 d 0/3 c Z�' 

0/107 bc 0/51 b 3/48 b 0/45 c 0/26 bc 0/4 ab  5��
�236 

3/105 c 3/56 a 7/52 a 5/49 ab 8/25 cd 0/3 c ]3�; 

0/110 a 0/54 ab 3/51 ab 8/46 a-c 0/27 a 3/4 a U-� 

0/109 ab 8/52 ab 8/49 ab 0/46 bc 8/26 ab 8/3 b ?W�\8 

8/105 c 0/51 b 3/48 b 0/45 c 0/25 b 0/3 c  5��
�225 
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3 .2 !" #�	�$�%& '() *���
� ��+,- ���� ..��  

*��_� �� ���� �
��� ��� �*�3 U��
��/ 
(o� e�3��� �/� 

�� ���73 #5��(43�� ��= / 5�� ��/* ���  $
 bc3 �*

*��_� �� / �"�* `	V �� �/� �"�* 5�
�V / �2�,W  �2�,W

�	_� �"�* `	V bc3 �* �/�)) *�� ��*4 *��_� a�6���� .(

�= ���� X�h ��2�/�  ����� �N� $
%�&�	' ?l��� 5*��

J�� / �'�
 J2�� ���� �
���  5��3� �� �/� *��_� a
��

� �/� ���� �
��� �� $
%�&�	' ?l��� �  .��8 �3* ��

 )�* J
�('�l�
��� �* ��2  ��� / ������ ���� ��2

�� �����l ��2�l�/ a������|3 #���W ����*�  ?l��� 5��

�� L
��� 5�*�6��7'8 ��-� *��. J�� #�-� �* L
���  � ��

 ?l��� �� �/� *��_� �	��-2 5�*�6��7'8 ��� ���
�V

���� �W��3� ��� �&/� ?l��� ����  /�!� a
� / **�W 

u	P �� �/� *��_� �	��-2 �2�,W �� �/� *��_� #�2*

� / �/� ���� �
��� �* �q
/ ����� *�)/ X/* 

)Rezaeezad et al., 2013 .(Damavandi et al. )2005 (


���  ���� �3��� �*�  *�+,-. / �-�/��� �� ����

 �� �/� *��_� � ��*�* 5�9� �	P/� 5�*�6��7'8 ];� /* ��*

� $
%�&�
(�' �W��3� / d4= ��A� �� ����  ��=

�	_�
��� ����� �N� ���*�  .�'�W ���; ����o� 
(

 �* $
%�&�	'  �!" �,� �� �
�4�2 ��� �*�3 U��
��/

�	_� �"�* $
 bc3 *��_� ��� �� �2�
�4�2 a�� .*�� ��* 

�/� ��  *�)/  /�!� (�� $
%�&�	' ?l��� � 5��3�

�	_�  $
%�&�	'  �!" a�6���� �
�M� .���* *�)/ ���*

 ?W�\8 / �W��� ��2�
�4�2 ���� �
��� �x�� �* � *�* 5�9�

J�� �� *��_� �/� a�6���� a
�� �/� ��  ,l�� �2 � 5��3�

J��  5��
�2 / Z�' ��2�
�4�2 / 5��� a
��25 ]� ��  a
��

]� �/� a�6����  ?l��� � 5��3� ���� �� 5��� a
��

�/�)) ��*�* n�@7�� *�� � $
%�&�	'5.(  

  

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

!"  

3 .3 .1 .1�2+3" - 4�� �
�5-  

`
�7� 
(o� U��
��/ /* &�3 �*�* �2 5�9� *�* �  ���� 

#��3 �
��� ���� / �
�4�2 �* bc3 $
 �"�* ��  *��_�

5��(43 �� �/� �	_� ��*  �/�)) *��6( .��� ?��M7� �
��� 

���� / �
�4�2 (�� �� *��_� ��2�/� X�h ���� 5��3� 

� �!" r�' �* bc3 $
 �"�* �	_� ��* *�� .�* 

g
��� �
��� ���� �/� �
�4�2 �W��� �� 3/10 �/� / �* 

g
��� �
��� ���� X/* �
�4�2 ]3�;  �� 4/4 �/� 

� :���� J�� a
�� / ]� a
�� 5��� X�h ���� ���) 5*� 

�� � *�� n�@7��  �/�)) ��*�*7(.   

  
S�$2 4 . ���Z;Y0���'� ���# -�� S�# �� D�@A�ABC ?��� 

 �_��� a�6����  
 )�*  
�*��8  

���k� L4	�   ��/* ��=  
��� 

 �� �/� *��_�  
�2�,W 5�
�V 

 �� �/� *��_�75   
�2�,W �"�* 

 �� �/� *��_�5   
�2�,W �"�* 

 �� �/� *��_�  
���73�� 5�� 

 �� �/� *��_�  
5��(43 

41/13 88/5 04/4 01/2 63/1 27/0 3 ���+� 
**14/141  *08/13  ns73/4   *94/26  **87/154  **08/48  2 ���� �
��� 

92/2 67/1 57/2  51/2 73/1 45/0 6 (���� �
���) ���+� 
**80/150  **97/62  **24/53  **94/37  **24/8  **52/1  6 �
�4�2 

ns02/14   **19/8  **21/5  **34/5  **19/2  ns26/0  12  ���� �
��� ×�
�4�2  
28/7 92/1 88/1 66/1 70/0 15/0 54 �c� 

81/2 55/2 68/2 74/2 87/2 27/5   ����k� :
�m )%(  
ns�8 :** � * &  \;,;]^J/' 3�$8 �B"! �B"! ]^J/' � �'�  S�	J4' _`# �� �'�5  �1 .$��� 
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S�$2 5 .,:' L8� J!  <���; =
�5  � $�,H� ?��� -�� S�# �� D�@A�ABC 

 ��=  
��� ��/* 

 �� �/� *��_�  
�2�,W 5�
�V 

 �� �/� *��_�75   
�"�* �2�,W 

 �� �/� *��_�5   
 �"�*�2�,W 

 �� �/� *��_�  
���73 5�� �� 

 �� �/� *��_�  
5��(43 

�
�4�2 ���� �
��� 

0/102 a 5/59 a 8/54 a 3/49 a 7/33  a 3/9 a �W��� 

��� �/� 

3/92 e 5/51 d 8/47 d 8/43 d 3/31 bc 3/9 a Z�' 
3/96 b 3/55 b 3/51 b 0/47 b 8/32 ab 8/8 ab  5��
�236  

0/93 d 5/51 d 8/47 d 3/44 cd 3/30 c 3/8 bc ]3�; 
3/94 cd 0/53 c 0/49 c 5/45 bc 8/31 bc 3/9 a U-� 

5/103 a 8/60 a 5/55 a 0/50 a 5/32 ab 0/8 c ?W�\8 
0/92 e 5/51 d 8/47 d 5/43 d 3/31 bc 0/8 b  5��
�225  

3/97 a 8/55 ab 3/53 ab 5/49 a 8/29 a 5/6 b �W��� 

15 ��� 

8/88 b 5/51 c 0/49 c 3/44 b 0/27 de 0/7 a Z�' 
8/91 ab 8/53 a-c 3/51 a-c 8/45 b 5/28 bc 3/6 bc  5��
�236  

8/92 ab 0/53 bc 5/50 a-c 3/46 b 8/26 e 5/6 b ]3�; 
3/93 ab 5/52 c 3/50 bc 8/44 b 3/28 c 0/7 a U-� 

8/96 a 0/56 a 5/53 a 0/50 a 0/29 b 0/6 c ?W�\8 
8/89 b 0/51 c 8/49 c 5/45 b 5/27 d 3/6 bc  5��
�225  

3/101 a 5/56 a 5/53 a 3/49 a 8/26 c 3/6 b �W��� 

30 ��� 

0/92 b 0/52 d 3/49 d 5/46 b 0/27 c 0/7 a Z�' 
0/99 a 5/55 a-c 0/53 ab 8/48 a 0/28 ab 8/6 ab  5��
�236  

5/93 b 3/52 d 3/49 d 8/46 b 0/27 c 5/6 ab ]3�; 
5/100 a 0/55 bc 0/52 bc 8/48 a 8/28 a 0/7 a U-� 

3/100 a 8/55 ab 0/53 ab 8/48 a 5/28 a 3/6 b ?W�\8 
8/92 b 3/52 d 5/49 d 8/46 b 5/27 bc 5/6 ab  5��
�225  

  
S�$2 6 .Y0���'� ���Z; \5,! D�@A�ABC ?��� 

 �_��� a�6����  
 )�*  
�*��8  

���k� L4	�   ��=  
��� ��/* 

 �� �/� *��_�  
�2�,W 5�
�V 

 �� �/� *��_�75   
�2�,W �"�* 

 �� �/� *��_�5   
�2�,W �"�* 

 �� �/� *��_�  
���735�� �� 

 �� �/� *��_�  
5��(43 

**10561  **9/25  *1/13  ns86/0   **2793  **7/535  1 ��3 

5/18 9/6 4/4 8/5  3/1 71/0 6 (��3) ���+� 
**1173  **8/127  **1/52  **3/96  **6/303  **8/213  2 ���� �
��� 
**6/38  **6/38  **9/74  **118  **2/21  **9/22  2 ��3 ×���� �
��� 

6/5  9/1  4/2 5/2 83/0 83/0 12 ���� �
��� ×(��3) ���+� 
**6/157  **3/73  **3/51  **3/41  **5/44  **9/6  6 �
�4�2 
*2/15  **5/19  **2/12  **4/13  *3/1  **١/٢  12 ���� �
��� ×�
�4�2 
*4/17  **5/18  **6/19  **9/16  **2/3  **6/6  6 ��3 ×�
�4�2 

ns7/5   *7/5  ns3/4   *5/6  **6/2  **2/1  12 ��3 ×���� �
��� ×�
�4�2 

7/7 8/2 6/2 9/2 6/0 35/0 108 �c� 

9/2 1/3 2/3 7/3 5/2 5/9   ����k� :
�m )%(  
ns�8 :** � * &  \;,;]^J/' 3�$8 �B"! �B"! ]^J/' � �'�  S�	J4' _`# �� �'�5  �1 .$��� 
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�4�2 � d,_7� 5��
�25 )83/55  ]3�; / (�"�*

)42/25  �/�)) *�� (�"�*13 .( _&�c� �*Khajepour & 

Sayedi )2000( �
�4�2 J�� ����* ?W�\8  5�/ a
��

*�� ��*��(2 � ��h�= ��* 5���V ��/* ��= 5�� ��

�� �
�4�2 a
� �* ��*��(2 5�/ J
�('� s.��58 .  �2

m/ o�7� �� ��*��(2 5�/  ����k� 5��� �* ��* ��_

]2 / ��* 5���V �	7���* ��* 5���V ��/* ��= a�	1 .

�� �
��� �* *�+,-. J2����� X�3 �� �����  ?�&*

) d4= �* ��* *��_� J2��Mazaheri, 2005 ( ��/* J2��

� �� ����3) �W��Andrade, 1995(  / 5�/ J2�� /

���� bc3 �l�/ �* ��* *��_� )Flagella et al., 2002.(  
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S�$2 11 .Y0���'� ���Z; ���# ?��� ��5 � �,E)	* �0'� -�� S�# �� 

 �_��� a�6����  
 )�*  

�*��8  
���k� L4	�   �"�*  

$�	&�	�& ��3� 

 �"�*  

$��&�	�& ��3� 

 �"�*  

aP/� 

 ��* *�+,-.  

)Kg/h( 

 ��*��(2 5�/  

)g( 

 ��* *��_�  

d4= �*  

000494/0 91/2 39/13 30/3086384 62/67 83/95691 3 ���+� 

000868/0  ns 
*62/8  25/15  ns 

**46/27205766  **18/4187  82/43655  ns 2 ���� �
��� 

00222/0 57/1 64/3 20/446622  78/7  46/33666 6 (���� �
���) ���+� 

00212/0  ns 74/4  ns 
**03/1768  18/151656  ns 

**08/231  **17/330667  6 �
�4�2 

0033346/0  ns 41/3  ns 38/3  ns 11/197081  ns 38/33  ns **78/279792  12  ���� �
��� ×�
�4�2  

00271/0 06/3 46/5 87/194820 23/18 28/55904 54 �c� 

50/19 96/2 34/6 69/19 62/7 88/13   ����k� :
�m )%(  

ns�8 :** � * &  \;,;]^J/' 3�$8 �B"! �B"! ]^J/' � �'�  S�	J4' _`# �� �'�5  �1 .$���  

  
 S�$212 .�.�� ! 7I0�! ��� ?���  $#' � �,E)	*

�� Dd�AB� bA`# %)Je! <���; -�� S�# �� =
�5  
 �"�*  

$��&�	�& ��3� 

 ��* *�+,-.  

)Kg/h( 

 ��*��(2 5�/  

)g( 

 �
���  

���� 

72/59 a 8/3356 a 31/69 a ��� �/� 

63/58 b 9/1892 b 66/53 b 15 ��� 

99/58 ab 3/1481 b 21/45 c 30 ��� 

 �5 =#' 39 ,I0�8 3AJ# ,� �� �8��! ]�,4  3A!(9 �8 ���	; bA`#

 _`# �� 7E0'�5  $���.$0�'� �',c �18��! ���!9 ��,T �� 

  

 S�$2137I0�! �.�� ! .  � �,E)	* �'�2' ?��� ���

 $���-�� S�# �� $�,H� bA`# �� 7a��  
 �"�*  

aP/� 

 ��*��(2 5�/  

)g( 

 ��* *��_�  

d4= �*  
�
�4�2 

39/38 c 7/62 a 4/1778 a-c �W��� 

30/30 d 7/50 d 6/1629 b-d Z�' 

00/27 e 1/54 cd 7/1595 cd  5��
�236 

42/25 e 2/57 bc 3/1911 a ]3�; 

92/29 d 8/56 bc 8/1853 ab U-� 

08/51 b 8/59 ab 4/1427 d ?W�\8 

83/55 a 1/51 d 3/1728 a-c  5��
�225 

 �5 =#' 39 ,I0�8 3AJ# ,� �� �8��! ]�,4  3A!(9 �8 ���	; bA`#

 _`# �� 7E0'�5  $���.$0�'� �',c �18��! ���!9 ��,T �� 

3 .6 � 9(�� '() /�0� *���
� ��+,- ���� .

!" �� ��
� �0��EF  

3 .6 .1��
��
+� 14� .  

 
(o� `
�7��*�* &�3 /* U��
��/ ��� � *�* 5�9� �2

 / ���� �
��� ?��M7� ��� / �
�4�2 #���� �
���

�	_� ��*��(2 5�/ �� �"�* $
 bc3 �* �
�4�2 ��*

 �/�)) *��14 (�� �
�4�2 / ���� �
��� ?��M7� ��� .(

�	_� �"�* $
 bc3 �* ��*��(2 5�/ �� .*�� ��*

�*�* a�6���� �
�M�� ���� �2 � *�* 5�9� ?��M7�  ���

J��  �� �/� ���� �
��� g
��� �* ��*��(2 5�/ a
��

 �
�4�2]3�;  ��1/69 ]� / *�� X�W  ��*��(2 5�/ a
��

 �
�4�2 � j���� 5��
�236  ��3/43  g
��� �* X�W

 �/�)) *�� X�3 ���� �
���155�/ .( ��*��(2 

�_��� �� �.�3  a����*��� �(7	3�7' �* ��= *5��/ 

5���V ��* �3� / ?��. a
� �N� ����� ����� �* 

���� 5�@M� 7'�
 / :)�� J2�� 5�/ ��*��(2 

�� *�� )Oven, 1983 .(�* J2/qV  ��2Arshi et al. 

)1999 (/ Mirshekari et al. )2001(# ��� �
��� ���� 

�� 5�/ ��*��(2 �	_�*�� ��* � �� a
� J2/qV �M��c� 

*��*.  
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S�$2 14 .Y0���'� ���Z; \5,! �0'� �,E)	* � ��5 ?��� 

 �"�*  
$�	&�	�& ��3� 

 �"�*  
$��&�	�& ��3� 

 �"�*  
aP/� 

 ��* *�+,-.  
)Kg/h( 

 ��*��(2 5�/  
)g( 

 ��* *��_�  
d4= �*  

 )�*  
�*��8 

 

44/0  
**

 3/3067  
**

 13/10  ns 2290453 
**

 1/17  ns 4265283 
**

 1 ��3 

0002/0  6/3  67/7  2520509 1/70  317805 6 (��3) ���+� 

002/0  ns 6/45  
*
 11/13  

*
 21904874 

**
 1/4158  

**
 29911 ns 2 ���� �
��� 

0012/0  ns 34/0  ns 18/44  ns 7359744 
**

 9/736  
**

 484923 
*
 2 ��3 ×���� �
��� 

0025/0  7/5  ns 91/33  ns 503037 
*
 3/8  ns 119551 ns 12 ���� �
��� ×(��3) ���+� 

0025/0  ns 2/10  ns 4/11  
**

 703914 
*
 487 

**
 37962 

**
 6 �
�4�2 

012/0  
*
 4/10  

*
 16/5  ns 607482 

*
 5/72  

**
 221374 

*
 12 ���� �
��� ×�
�4�2 

0005/0  ns 74/0  ns 15/8  
*
 110081 ns 42/0  ns 211711 ns 6 ��3 ×�
�4�2 

0012/0  ns 98/0  ns 34/1  ns 66093 ns 54/0  ns 304734 
**

 12 ��3 ×���� �
��� ×�
�4�2 

0015/0  5 71/2  263030 8/17  101475 108 �c� 

5/12 1/4 9/3 1/24 5/7 3/20   ����k� :
�m )%(  
ns�8 :** � * &  \;,;]^J/' 3�$8 �B"! �B"! ]^J/' � �'�  S�	J4' _`# �� �'�5  �1 .$���  

  
S�$2 15 .,:' L8� J!  <���; =
�5 � $�,H� ?��� ��5 � �,E)	* �0'� 

$�	&�	�& ��3� $��&�	�& ��3� �"�* aP/� ) ��* *�+,-.Kg/h( ) ��*��(2 5�/g( d4= �* ��* *��_� �
�4�2 ���� �
��� 

a318/0  ab85/56  ab02/43  2718ab a5/68 1530a-e �W��� 

��� �/� 

a315/0 a93/56 a-c28/42 2947a b7/61 1742ab Z�' 

a315/0 bc92/54 a67/43 2771ab ab7/64 1505a-e  5��
�236 

321/0 a 80/53c 93/40d 3080a a1/69 1599a-d ]3�; 

a311/0 c07/54 c35/41 2849ab a2/68 1480b-e U-� 

a328/0 c57/53 c53/41 2621ab ab4/65 1585a-e ?W�\8 

b273/0 a-c09/55 bc61/41 2892ab b6/61 1654a-c  5��
�225 

b295/0 b91/52 ab62/42 2697ab ab6/65 1717ab �W��� 

15 ��� 

ab326/0 ab44/53 b07/41 1661ef fg9/46 1466b-e Z�' 

a349/0 ab67/54 a84/42 1688ef c1/55 1293c-e  5��
�236 

317/0 ab ab37/53 64/40b 1763de c-e6/52 1883a ]3�; 

b295/0 ab05/54 a7/43 1629ef cd2/54 1711ab U-� 

ab312/0 ab79/53 ab15/42 2105cd b1/61 1268de ?W�\8 

ab311/0 a9/55 ab09/42 1543 d-f7/49 1442b-e  5��
�225 

a323/0 ab55/54 ab13/43 2045cd c5/55 1745ab �W��� 

30 ��� 

a327/0 a1/56 bc59/41 1561fg g2/44 1496b-e Z�' 

a318/0 ab66/54 ab44/43 1358g g3/43 1486b-e  5��
�236 

291/0 a b24/53 88/40 c 1600ef c-f8/50 1560a-e ]3�; 

a328/0 b44/53 a-c55/42 1835de ef7/48 1722ab U-� 

a320/0 ab17/54 a56/43 1540fg c3/54 1212e ?W�\8 

a313/0 ab96/53 c04/41 1760de g8/42 1782ab  5��
�225 
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3 .6 .2 .G3D �� ��
� �
�5-  

 &�3 /* U��
��/ 
(o� `
�7��*�* �2  ��3 ��� � *�* 5�9�

 / ���� �
��� ?��M7� ��� / �"�* $
 bc3 �* �
�4�2 /

 bc3 �* �
�4�2`	V �	_� d4= �* ��* *��_� �� �"�* ��*

*��  �/�))14( �� (�� �
�4�2 / ���� �
��� ?��M7� ��� .

 �!" a
������ �	_� bc3 �*  ���*`	V  / ���* �"�*

 �
�4�2]3�;  �� X/* ���� �
��� g
��� �*1883  ��*

J�� �� / *�* n�@7�� *�� � �� 5�(�� a
]� �� ���M� a


�
�4�2 �� ?W�\8  ��1212  ��*� �3* ��8  �/�))15( .

J2/qV 5��W (�� �5�9 ��*�* � ����� ���� �* *�+,-. 

��* 5�*�6��7'8 �� �� d
�= J2�� *��_� ��* �* d4= / 

J2�� 5�/ ��*��(2 J2�� ���2*  )Anderadeh, 1995; 

Ferreira & Abreu, 2001.(  

  

3 .6 .3 . �0��EF��
� 

�*�* &�3 /* U��
��/ 
(o� `
�7�  / ��3 ��� � *�* 5�9� �2

 �* ���� �
��� ?��M7� ��� / �
�4�2 ��� / �"�* $
 bc3

 �"�* `	V bc3 �* ��* *�+,-. �� �
�4�2 / ���� �
���

�	_� �/�)) �� ��*14 g
��� �* *�+,-. J2�� �,. .(

 �* ��* *��_� J2�� #d4= �c; J2�� #�
* ���� �
���

��* J
�('� #d4=� >�V ��2 �*�W w�� ?�&* J2�� (�� / �2

� ��*��(2 5�/�� .*� �3��� ��2 � ?-. ���8 o�7� 7'�W  ��

� �� ����� ���� �* 5�*�6��7'8 *�+,-. �  �� J2�� 

�� ���
)Delavega & Hall, 2002 .(]2 a�	1  �_&�c� 5�9� 

*�+,-. *�* ��* �� ����� �* ���� � ?
h* �!,7K� �� ,-) 

���* h�� ?��/� �* ��� � �o	� � ��� �� J�� �l ;�3 

)Beard & Jeng, 1982 (/ J2�� 5��� �2�,W 

)Anderadeh, 1995 (/ �*�3 ��2 / J2�� _����2 

������ UV �� �*�W���9'� � �� 5���V ��* ����� *��* 

J2�� �����
 )Bange et al., 1997 .( �
��� ?��M7� ���

 ����� �"�* `	V bc3 �* �!" a
� �� (�� �
�4�2 / ����

�	_� �
�4�2 / ���* ���*]3�;  �� �/� ���� �
��� �*

3080 J�� ���M� �� ��7+2 �* X�W�,��  �
�3 � �4�� ���

]� / �� ��*����� �2��-��  �
�4�2 �� ���M� a
�� 5��
�236 

� X�3 ���� �
��� �*  �/�)) ��8 �3*15.(  

  

3 .6 .4��
� H7�� �)�� .  

�*�* &�3 /* U��
��/ 
(o� `
�7� 9� �2 �*�3 ��� � *�* 5�

� ��* aP/� �"�* �� �
�4�2 / ���� �
���  �* :����

�	_� �"�* $
 / `	V bc3 �/�)) �� ��*14 �
�M� .(

�*�* a�6���� g
��� �* ��* aP/� �"�* � *�* 5�9� �2

 �� �/� ���� �
���93/44  ��h�� �2��-�� �
�3 �� �"�*

 J2�� :43 ���� �
��� �* ����� / *�� /* */�l

�/�)) �� ��* aP/� �"�* �* ��"�* 15 .(a
� `
�7� 

5�9� ���2* � �
��� �* ���� X�3 �"�' X�h  ����

L-o� aP/� �* ��* � ������ �'�� ����� *�)/ .�* 

*�_7�  �_&�c� ����� ��� �3� � �"�* *�+,-. / 

aP/� ��* �N� ����� �
��� ���k� ���� �� �	�

)DeLaVega & Hall, 2002; Balic et al., 2007���k� .( 

���� �
��� / �* o�7� ���k� �* g
��� �c�N� ,-) �� 

)�* # ���l ��= ��/* �
�	�/� �
�3 / ?���. g4��� 

s.�� ����� �� ��/� #��* 5���V L-o� #aP/� a���/�V / 

:���� 0�1 ��2��3� �� *�� )Johnson & Jellum, 

1972( �_&�c� . �*�_7� 5�9� ��� �*�* �3� � 1�2 

��= ��/* b�M,� �� ��*�
� �W��3� #���� 5��� �'�� 

J�� ��� ���� (7	3 ]2��' aP/� 79W / �* o�7� �"�* 

aP/� �2��� J
�('� �'�
 )Afkari, 2009; Aliari & 

Shekari, 2010 �* ����8 ��� �� �2�
�4�2 tQ7�� .(

�	_� �"�* $
 bc3J�� / �� ��* * a
�� aP/� �"�

 �
�4�2 � d,_7� ��*]3�;  ��32/43  ]� / �"�*  a
��

 �
�4�2 � j���� �"�* 5��
�236  ��3/41  *�� �"�*

 �/�))15.(  
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3 .6 .5#�%$�%�$ ��"
 � #�I$�%�$ ��"
 �)�� .  

]A� a
�� ��3� 0�1 p�4�� �� 4	) #
Rk� $��&�	�& ��3� 

�3� .a
� ��3� 0�1 �* 5�� (7	3 �-�*�� / �
�� g3�� 

���) �
�RP  a����*�� .J
�('� �"�* $�	&�	�& ��3� �* 

aP/���2 #�2��W � ?�&* J
�('� �.�3 ������ 5�� / 

U|3 J2�� ����
�V aP/� / a�-2 ��= J
�('� 

]_= ��2 ��P �_�4= �* #aP/� �� v��� �'�@� 58 

��  �2��)Mohammadi et al., 2007.( `
�7� ?"�l �� 


(o� U��
��/ ���l �� 58 �3� � ��2��3� 0�1 

$�	&�	�& / $��&�	�& � ��= �	_��N� ��* / ��3 �����  ���

�
�4�2 / ���� �
��� ?��M7� ���; �"�* `	V bc3 �* 

�'�W )�/�) 14 .(� ���= � J�� a
�� 5�(��  ��2��3�

� $�	&�	�& / $��&�	�&  �
��� �* Z�' ��2�
�4�2 �� :����

5��
�2 / �/� ���� 36 ?"�l X/* ���� �
��� �*  ��

 �/�))15#( �
�o�8��  0�1 ��2��3� ���M� / p�� �

?�+9�  g
��� / 5��� L��� 5�*�6��7'8 aP/� ��	2*

08 � �
��2/ ) �3� g�N� ���* �q
/Zheljazkov et al., 

2011� .( �� ���  5��3� / ���W ��� ��/* ��= J
�('� �3�

��*.�� #h�� ��2��* �* �2 0�1 ��2��3� �"�* J
�('� s

���� � �-A�  �+� �� .*�� ��2��3� 5��� g��/� �� �����

58 �+�7�% ��7'� / ];� p�� ���� ��RW��� ���W �* 0�1  �2

) �3�Abd EL-Satar et al., 2017.(   

  

4�,��� .60�:  

`
�7� /* &�3 J
���8 5�9� *�* ��2�
�4�2 � e�*/� �� 

*�+,-. :3�	� ��* ?����7V X�h �� ���� �9� X/*  �*

d=�	� ��7_� *�3 �� �� ���*�	��� .a
� �2�
�4�2 �� ��= 

��/* ��� ]�  �� ��100 �* #�/� ����" � �* 2* X�3 ��� 

�9� #*�� �� UV ���*��  h�@N� �(�
�V #�) �(,� /  �*

�*���� X�	W � �
��� ���*�� 58  �2���*�*�� ���/� �� 2* 

�/� ������ ��#���� �* �
��� X�3 2* ����A� � ,l�� 

�W��3� �� $
%�&�
(�'�3� / �* ����" � 5��� 

�W��3�  ���*��7  ��10 �/� �_� #���� ������� �* 2* 

�/� 5��8 ���*�� ��� ��� / �4�� � �*��8���3 a���  /

���� ��@N� �(�
�V ��_� )X�	W (X��;� *��. X�h � 

b�m�� �3� � �* d=�	� *�3 ��7_� �
��� ���� :3�	� 

���� ���� X�	W ��8 2* �/� 5��8 ��� �� #���� ���  �*

 ��" 5*���.��� g
��� #�-�,;� a
� �� �
��� ����� ���� 

X�;�� e�*/� �� X�	W �� 5��8 ���/� ��� (�� ��*� .���
 a
����	� 

�* ����" � ��2�
�4�2 �� e�*/� �*�!73� �� *�����5 

�4�� � ��M'�� �9� X/* ��@N� a
� �* d=�	� ��7_� 

*�3 ��/���� *��. �* n�@� �
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