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Abstract 
In order to study the effect of cytokinin, gibberellin, and cycocle on yield and yield components of two wheat cultivars under different irrigation 
regimes, a study was conducted as a split-split experiment based on a randomized complete block design with three replications at the Agricultural 
Research Station of Kurdistan University in 2016. There, the irrigation factor at four levels: dryland, irrigation at booting stage, irrigation at booting + 
flowering and irrigation at booting + flowering + grain filling stages have served as the main plots, two wheat cultivars (Sirvan and Homa) as sub-
plots, and levels of plant growth regulators foliar application including, i.e. control, gibberellin (100 µm), cytokinin (100 µm), and cycocel (3gr. lit-1) at 
the wheat stem elongation and grain filling stages as the sub-sub plots. Results show that in the foliar application during the stem stage, compared to 
the dryland treatment, yield increase in one, two, and three irrigation treatments have been 29%, 33%, and 43%, and at the grain filling stage; 22%, 
28%, and 33%, respectively. Homa cultivar produced higher yield compared to Sirvan. In the foliar application during the stem stage, the highest grain 
yield (504 g m-2) belongs to application of three irrigation treatments as well as addition of cytokinin, and at the grain filling stage, the highest grain 
yield (477.6 g m-2) has been obtained from Homa cultivar under three times irrigation condition and cycocel consumption. Therefore, using even one 
stage irrigation and the application of cytokinin and cycocel can increase the grain yield of wheat. 
 
Keywords: Biological yield, cycocle, cytokinin, gibberellin, supplementary irrigation.  
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�(�f� 75 �9�( 0��=� �+,�7 �( ��� !?�� �(�� 

ρb= �"�BM }�@4� ����| \�R�� /�� �� 

�!��� \f'��!� � �(  
, f"�O� �(�f� 6/1 /�� �� 

�!��� \f'��!� �(�� Ɵn= �)�� /�� �� /�� >�: P6: 

&#. 7, ������5 Dh= d*+ 6
� (�!�) % A= 0R��� 

8�� �6
��75 \�R�� `����!� �� .���� �,�A� h5 

�?�@� �( �� �����5 % �,�� �� 8�� c��� ��!	� 

�7,��, ���� �� % ��*+, �����*�� �����5 � 8��9 

��O.�, % �� �(�i!�, 7, ����,�� ~�� /�J�, .0?�� 

8�@46� ���	�,�� &1� /�J�, [
��75 7, ��� ��( % 

������� �( �%�$ )1( ���5 .0�, �����*�� 

��)1� ���; c��� ��)1� l�; d�.( �!�( �� ���6? 

0��� � ��= �T��� 0:,�	'
 8��9 .0?�� 0L$ 

C�	�*=, 7, ht$ C�� ���	���		���� ��� c��� ����� 

&*+ ��)1����; �( � 7%� �",�!� �,�'� �� % 0L$ 

�����)$ 7, 
-J� `
�� C�������� ��)1����; �f� 

7, h%�U h�!?5 /�J�, 0?�� )Saeidi et al., 2007.( 

��� ��� ���� -�� �� C��7� �� h5 �OA� ��)1� ���; 

.���� � ���	� �����)$ 7, ���� [	� ���	� ��		� ��� 

��� �� 3)+ [� ��� ��
��*�� ��!	� 3)+ ��� 7�� 

� 8��9  �$% �!�( /�J�, .��   

( )
t n h

I b D A      

max( ) 100t tr   
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��
��
 ���� ���   

� ���	� �7,��,���� �,-$, (�')*+ �,(� �( )R�� 

������ �� 0�,(�� 10 ��� � ��= ?(�@�� 7, �� �R,% 

��75
6� (,�f� �,( �( )#	� #��1� .�� ��  �	M �( 

p
��� 20 ������ ��  !?������( ��, ����R P
 `����!� 7, 

*� 8�� ��� �6
��75 0�,(�� �� % (,�f� �)#	� 

)*+'(� ��,( )*+'(� ��2�"�P
 % m:�� 0�,(�� �( 

�R,% NO�  ��f� ��. C7% �,(�,-� ��- �� ��*� ���� 

?(�@�� 7, ��@1� �,( 0�,(�� ��� 7, �� �8� % 

l��*� �,(�,-� % 7��
  C5 f���  ��.  


-J� % &�)1� ��� :����5 �f� 7, C�	�*=, 7, 

����� C(�� �(,( ��� 
-J� z��
�,% �(,( �� �� �(�i!�, 7, 

/�� �,-?, ����5 SAS 9.1 % �
�A�  �B���� �(,( �� �� 

�(�i!�, 7, C��75 	�,(�	M �,  '�,( /�J�, ��. ����� 

���,(�*� -�� �� �(�i!�, 7, /�� �,-?, Excel /�J�, 0?��.  

  

3. "#�$� � %&'  

3. 1. �
�() ��*+, �� -'���$�  

z��
�,% 
-J� �(,( [
��75 ���  � (,( C�6� ��

��)1� .�� )R�� �( ���;  !?��.� �)9, ��, �  NO� �(

�9�( P
 ��*!R,���	� �( �����5 &��A!� ��, � ��		�  ���

���  �( �.� %���	� ��		�  ��� ��� Z	; ��*!R, NO� �(

�9�(  &��+ � &��A!� ��, %�9�( P
 ��*!R, NO� �( 

�	f�  �,(��  �%�$)3� .( �)���= � /�*� �( �*� �.�

���	� (����� /�+ % (����� % �����5 <�O� ��		�  ���

[�� )#	� (,�f� ���  ��"�� C,%��� �.� � 0#�� ���

 .(�����	� (����� ��)� 0"�R �( ��		�  �( ��� ���

����5 3)!4� <�O�&��. ����� 0��,�!� �  (,�f� �� �L$��

���� !�,( f"�O�(��� �.� %( �( `����!� �( )#	� 

) �%�$5( .�(,( z��
�,% 
-J�  ����)1� �(  �= ���;

 )R���,(  ��	� � �( �.� �)9, ��, � 0�, C5 �B����

��*!R, NO� P
 �	f� �9�( �%�$) (�� �,(4.(  Z
�!�

 (�� m46�(,�f�  �( )#	�`����!�  (%�R �*� �.� �(

24 [�� C,%��� �.� 7, �9�( ) (�� �� &'�1.(  
  

  
 C8
1 �� �9D4( �+%E2 #* 5&� �9�+ #0+ FG=�� �H���� .

-)9�� �� J*#�#@�  �9K#� �L �
���=+�  �%4* .;%47  

  
 -�%:1 � C&+%K FG=�� � �=���� �7%=��* <+�� .C�� �=���� ���� #M6+%K + ;�N= �.+�O -�( �� P���OB96-1395  

���  �L�  C��5  ��5  �(   *L�  �	i�,   
(�%�?  06L#
(�,  (,(�:  ���  
������� )mm(  0  1/10  1/20  1/46  7/39  4/62  9/52  4/43  0  0  

$�( 8�,�R &.,�R )˚C(  01/8  915/5  43/4-  28/3-  67/5-  08/2-  93/4  04/10  75/13  24/18  
$�( 8�,�R �k�,�R )˚C(  62/22  5/15  08/7  12/7  09/3  56/8  46/14  35/22  21/28  32/33  

  
 -�%:2P���OB �+#:+ C�� S�T ���N2 U��@= .  

�i�?  
)ppm(  

����!;  
)ppm(  

C2%�!��  
)%(  

�'
�!'", 0
,��   

)ds.m(  
!
���,  

)pH(  
�"5 (,��  

)%(  
>�: 0?��  

n� )%(  0)�� )%(   � )%(  

4/12  320  09/0  49/0  62/7  76/0  4/47  4/38  2/14  

b

a

0

200

400

600

 C
,%�

�� �*
�
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*#�

#@�
 �

� �
9D4

( 
�+%

E2



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

  

 ����24 �  ���	
3 �  ����1401 

782

 -�%:3-)9�� #012 >�2 <�= ;%47 5&� �� �=+� �#89	. �* V)*#� W��� #����� X=���+� ���N2 . 5342 �* �
�� �%446  �� %
� ���

�&�( �9K#� 5�?� � F@$� ���*B '9@A� ���  

`��	� ���e�  df  
(,�f� )#	�  

�( `����!�  

(,�f� �,(  

�( )#	�  

C7%  

�,(�,-�  

(�')*+  

�,(  

(�')*+  

P
2�"���  

m:��   

0�,(��  

�,�'� )r(  2  ns 17/846  ns 18/9  ns 93/2  ns 93/579  ns 4/16049  ns 38/5  

�����5 )a(  3  ns 96/8616  *96/114  **23/161  **8/160265  **6/1080520  ns 02/8  

��O: �%,  6  87/2266  59/20  99/2  9/355  8/11809  23/11  

�.� )b(  1  **364327  **65/3569  **7/1957  *7/15384  ns 6/105384  ns 58/0  

a*b  3  ns 06/496  ns 19/8  *021/41  ns 4/499  ns 5/49599  ns 8/18  

��O: /%(  8  46/1768  42/8  63/8  1/1730  7/22190  84/27  

���	� ��		� ��� ��� (c)  3  ns 95/384  **47/19  **19/41  ** 7/3192  ns 8/16333  ns 4/12  

a*c  9  *62/681  ns 47/1  ns 62/1  **3/3920  *8/25141  ns 5/19  

b*c  3  * 79/802  ns 219/0  **65/18  ** 04/4130  ns 3/15074  ns 5/27  

a*b*c  9  **26/1062  ns 21/3  *98/6  **9/2377  ns 3/15042  *4/24  

��O: /��  48  53/256  86/1  51/2  4/710  05/10375  023/10  

\
�g 8,���e� )%(    77/3  55/4  07/4  3/7  03/10  77/8  

ns�* :** � * " <� = Z2#2 �4E� [\@T+ <�)D= �%4�� �4E� [\@T+ � �+�  ]^( �� �+�5  �1 �� %��� .%
�*  

  

 -�%:4-)9�� #012 >�2 <�= ;%47 5&� �� �=+� �#89	. �* V)*#� W��� #����� X=���+� ���N2 . 5342 �* �
�� �%446  �� %
� ���

 �9K#��=+�  �%4* 5�?� � ���*B '9@A� ���  

`��	� ���e�  df  
(,�f� )#	�  

�( `����!�  

(,�f� �,(  

�( )#	�  

C7%  

�,(�,-�  

(�')*+  

�,(  

(�')*+   

P
2�"���  

m:��   

0�,(��  

�,�'� )r(  2  ns 88/4972  ns 84/13  ns 32/32  ns 24/317  ns 3/7617  ns 4/5  

�����5 )a(  3  ns 53/1675  *98/37  **67/153  **87502  **648047  ns 3/24  

��O: �%,  6  79/1116  73/7  26/7  2/2243  76/5540  39/16  

�.� )b(  1  **332408  **86/3255  **8/1722  *4/16543  **113022  ns 8/5  

a*b  3  ns 48/1015  ns 36/6  ns 79/19  ns 2/1589  *1/33264  ns 4/21  

��O: /%(  8  6/985  816/7  53/4  24/1551  71/4585  17/12  

���	� ��		� ��� ��� (c)  3  ns 15/36  **34/30  **84/64  **1/7038  *1/17473  **9/28  

a*c  9  ns 12/571  ns 133/2  ns 52/10  **3/2586  *10/13624  **8/20  

b*c  3  ns 76/837  ns 23/3  ns 95/9  **9/2862  *6/18765  ns 7/13  

a*b*c  9  ns 49/1045  ns 32/1  ns 85/6  **6/2964  **6/17694  *16/15  

��O: /��  48  083/663  27/2  83/7  3/535  6/5019  94/5  

\
�g 8,���e� )%(    94/5  99/4  11/7  3/6  74/6  9/6  

ns�* **� * " <� = Z2#2  �%4��<�)D= �4E� [\@T+ �+� � �4E� [\@T+  ]^( �� �+�5  �1 �� %��� .%
�*  
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 -�%:5. �( C*��@� #0+ FG=�� �H���� 5342 � 5&� "���*B �D=�: �%446 �O+%=+ W��� �T#* #* %
� ��� �#7  _�+#
 >�2 �%


-)9�� �&�( �9K#� �� �� �
�� �=+� � F@$�  �%4*  
      )R�� .��  !?�  )R�� �,( ��	�  

�����5  �.�  
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r/

m
2

(  

m
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�
 

0
�,(

��
 )

%(  

�
(  

C,%�
  

����  h-i66/355 m-o67/31  k-n64/283 a-f35 j-l64/283  kl43/810 a-h35 

 �"�#�$  h-j33/351 m-o28/31 m-o59/246 a-c3/39 j-l82/294 kl97/792 a-f2/37 

 �	���!��  h-j66/352 m-o92/30 o43/220 a-f3/36 m89/238 l25/720  e-i2/33 

&��'
��  hi67/355 o917/29 o34/201 7/30 f lm64/268 kl91/798 d-i8/33 

�*�  

����  d432 i-l07/39 k-m7/290  b-f7/33 j-l72/290 i-k37/867 d-i 7 /33 

 �"�#�$  c463 f-i22/41 no85/237  ef7/31 j-l16/291 j-l42/834 a-h9/34 

 �	���!��  d6/430 a-e42/45 j-l72/298 a-c3/39 i-k34/312 j-l34/840 a-f2/37 

&��'
��  bc482 d-h88/42 l-n02/278 a-f1/36 kl68/280 i-k38/855 e-i8/32 

P
 �����5  

C,%���  

����  f-i359 mn21/31  h-l26/326 a-f 8 /32 ij26/326 h-j13/947 b-i5/34 

 �"�#�$  j67/324 mn 16/33 g-j5/346 a8/40 i-k04/313  f-h66/1053 i30 

 �	���!��  ij344 n4/30 h-k57/329 d-f8/32 e-g83/381 b-f09/1167 e-i9/32 

&��'
��  ij33/346 mn43/31 c-f46/398 b-f2/34 c-f75/417 a-c65/1210 a-h2/36 

�*�  

����  bc67/475 i-l61/38 i-k4/324 b-f6/33 i-k4/324 gh21/1000 f-i4/32 

 �"�#�$  ab498 e-h67/42 c-e70/416 a-d4/38 e-g41/382 a-c18/1215 hi5/31 

 �	���!��  a-c490  a-c45/46 c-f09/399 a-f9/36 e-g57/382 d-h27/1067 a-h9/35 

&��'
��  bc67/474 c-g64/43 f-i42/359 a-e3/37 d-g06/386 hi983/976 a6/39 

%( �����5  

C,%���  

����  f-h363 m77/33 e-h56/375 a-d6/38 f-h56/375 gh09/1019 a-f9/36 

 �"�#�$  f-i363 l73/36 g-j89/341 a-e2/37 gh70/368 e-h207/1062 a-d2/38 

 �	���!��  g-i67/358  j-l87/37 c-f38/397  a7/40 e-g01/384 a-d85/1199 a-c7/38 

&��'
��  ef67/390 kl48/37 d-g05/391 a-f9/34 d-g69/391 gh31/1025 a-d2/38 

�*�  

����  ab495 g-j74/40 d-g82/385 a-f6/34 d-g82/385 c-g057/1115 b-i6/34 

 �"�#�$  a505 d-g15/43 c-f60/408 a-f1/36 d-g18/387 b-f37/1175 e-i1/33 

 �	���!��  a33/518 d-g47/43 c-f62/401 a-f3/35 e-g08/383 b-f15/1165 e-i9/32 

&��'
��  ab33/494 d-g03/43 d-g09/391 a-f9/34 ab234/465 b-e14/1191 ab1/39 

� �����5  

�C,%��  

����  e-h66/377 l75/36 cd15/429 a-f 5 /36 b-d15/429 c-g047/1124 a-d2/38 

 �"�#�$  e-g66/385 h-k03/40 c-f08/403 b-f6/33 hi73/337 gh99/1021 e-i1/33 

 �	���!��  e-g66/387 i-l83/38 bc89/445 c-f9/32 d-g7/389 c-g04/1115 a-i8/34 

&��'
��  e33/392 i-l43/38 a29/502 ab6/39 a-c60/439 a-c55/1205 a-g5/36  

�*�  

����  ab33/498 b-f16/44 c-e54/418 a-f2/35 c-f54/418 a-c09/1224 c-i2/34 

 �"�#�$  a33/505 a-d8/45  bc81/446 a-e6/37  c-e81/421 ab58/1268 a-e 4 /37 

 �	���!��  a517 ab917/46 a504 a-d7/38 c-e81/421 a53/1330 g-i8/31 

&��'
��  ab498 a2/47 ab69/482 a-f9/36  a65/477  a-c1/1245 a-d4/38 

FG=�� �4E� [\@T+ %&�$ <)@( #� �� �*� � [�#K �+�+� ��� �+�  -�	@K+ ]^( ��5 �� %��� .(F8=+� <)�OB) %4
�* 
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3. 2. �
�() ��
� �� ��*+,   

�( [
��75 ��)1� ���; �= )R�� .��  !?�� Z
�!� C�6� 

(,( � ��� /,�� 7, 8,��, &��A!� ������5 �.� % 

���	� ��		� ��� ��� ��  
, 0i9 �	f� �,( ���6� ��, 

/�	���� 01� ��*�� � ��� �����5 � ��= �	f� ��,( 

0#�� � �B
( �����*�� �����5 (,�f� �,( �( )#	� 

[�� ��� ��"�� ��(��. �����*�� %( ��� % P
 ��� �����5 

�( #�� ��� ��f� �,�. �	!�,( % �( �
�A� �� c
,�� �
( 

� ��= �	f� ��,( (,�f� �,( [�� ��� �( )#	� ��"�� 

��(�� &'�) 2- 3",.( �( �
�A� %( �.� m46� �� 

(,�f� �,( �( )#	� �.� C,%��� � ��= �	f� ��,( �() 

NO� ��*!R, P
 (�9�( 7, �.� �*� [�� �� (�� % 

�Y�*!R,  �
�; C(���� C7% �,(�,-� �( �.� C,%��� 0#�� 

� �.� �*� �  �*� &�"( �(�� ����.  �B����  
, �0i9 

�( �.� C,%��� % �*� � \���� 8/35 % 6/23 (�� &'�) 

2- h.( ����� ��)1� ���; ���	� ��		� ��� ��� ��  
, 

0i9 �( NO� ��*!R, P
 �9�( �	f� �,( �� �%�$) 

3(� � ���= � ��)1� ���;  �	���!�� % &��'
�� 

� \���� � ��"�� [��  
�� (,�f� �,( �( )#	� �J	� 

�� � 8%�i� �T��� �6M ���� �� ��*�� ���� �	!�,(. 

�
�J�57, � ��*�� ��)1� ���; ��  �"�#�$ % /�+ 

��)1� ���; �( P
 �%�� ����5 �,�. �	!?�� &'�) 2 - x(� 

�Y�*!R,  
, ��, �� ��,�� � &�"( \��	��� C(�� 0�)U 

 �"�#�$ �?�@� �
 C��7 (�����  
, ���	� ��		� ��� 

�,�� (�#L�  
, 0i9 .���� � ��� �� ��� [	�,% ���� 

�( &R,�� 3)!4� ��� �  
, ���	� ��		� ��� ��� 

8%�i!� 0�, � ��1� � �*� C,�� ���%� C��'
 �( 

&� :�M ����7 ���� �,�� [A�  
, ���	� ��		� �� 

��@!� �� % � ��� �����  
, ���	� ��		� �� �( 

��%( ��� 3)!4� ����7 ���� � ��1" ��, �%� �:�� 

8�i9 8,��, ��%�i!� .���,(   

�( [
��75 ��)1� ���; �= )R�� �,(  ���	� Z
�!� 

C�6� (,( � ��� /,�� 7, 8,��, &��A!� �	f� �,( ���6� ��, 

��,8, �)9, ��*�� �����5 �( NO� ��*!R, Z	; �9�( % 

��, �.� % ���	� ��		� ��� ��� �( NO� ��*!R, P
 

�9�( �	f� �,( �� �%�$) 4.( Z
�!� C�6� (,( ��*�� P
 

 ���� %( ��� % � ��� �����5 �( �
�A� �� ��
( (,�f� �,( 

�( )#	� ,� � \���� � C,-�� 5/3� 3/7 % 9/8 �9�( 

[
,-?, (,(�� &'�) 2- (.( 8�f"�O� /�J�, ��� C�6� 

(,(� 0�, � [	� ���5� �( ���� /�	� s+�� �[�� 

1/27 �9�(� (,�f� �,( �( )#	� �� ��( )Halim et al., 

2018(. �� f"�O� ��B
( � %�� ���� /�	� �( ,��
c 

��4)� /�J�, �� l�,-� ��� 0�, � [	� ���5� (,�f� 

�,( �( )#	� ,� 33 �9�( �[�� (,( )Wahbi et al., 

2017(. l�,-� ��� 0�, � ��*+, [	� �( )R�� 

�(�� ���6?, s+�� ��A+ C�� �,( ��� �(�� % �T!:, �( 

-!	��!? ��$� % ��A!�, (,�� ���:� ��� � �,( �� �� (�� 

� �� ��,�� �)�"( ,��� [��� (,�f� �,( �( )#	� �� ���� 

)Rajala et al., 2009.( 7, &
Y( ��B
( � �,�� [��� 

(,�f� �,( �( )#	� �( ��, [	� �'6: ��L!�, &@? �,�, 

���  
, 0�, � �,(, [	� �'6: z; 7, )R�� 

���)� s+�� 0?, �
�� C7% �:�� �,( �� �� �(�� 

� ���= � �*� C,�� C5 �� ,� �,( � h��R �(�%5  
, ��� 

�,( �� �Y�*f� �( &R,��  ��: ���� ���(�: % 7,  �� 

�� ��%� )Dastfal et al., 2009.( (,�f� �,( �( )#	� �.� 

C,%��� ��  �B���� 36 �,( � ��= �	f� ��,( 7, �.� �*� 

��  �B���� 3/24 �,( [�� �� (�� &'�) 2- %.( �
�A� 

 �B���� ����*�� C�6� (,( � ���	� ��		� ��� ��� 

 �	���!��� &��'
�� %  �"�#�$ 0#�� � ����� (,�f� 

�,( �( )#	� ,� � ��= �	f���,( � \���� (%�R 8/5� 

6/5 % 99/4 �9�( [
,-?, ��(,( &'�) 2- �.( 8�f"�O� 

C�6� �(,( 0�, � &��'
�� ��, �!#k� �� (,�f� �,( �( 
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)#	� /�	� C�� ,((� )Piraste & Emam, 2011(. (,�f� 

�,( �( )#	� �( ��� ��� 01� ��*�� &��'
�� 14 

�9�( 0#�� � ���� [�� �� .(�� �� $�� � '	
, 

&��'
�� 0�?�| �-!	��!? % m�@4� (,�� �-!	��!? 

� C7�4� ,� [
,-?, �� ��( )Wang et al., 2009(� ,t" �( 

[
��75 �g�R -�� $��\ [
,-?, (,�f� �,( �( )#	� 

��.  �	���!�� -�� 7, d
�= ����� ��A!�� �� ���A� �"�)� 

�( NO� C-4� P
2�"�
-�? )Yang et al., 2016( 

&����!; �7,��, C-4� P
2�"�
-�? ,� [
,-?, (,(� % �� 

[
,-?, 0�?�| �-!	��!? 7, d
�= ����� 0#k� �� �,-$, 

�-!	��!? �	��� �&�?%�)�  ���%�;��� ��)1� % [
,-?, 

0�)U �%�	
, P�!�, ���, �( &R,�� �"%, ��� % [��� 

0�)U P
-��5 ���, )Saeidi et al., 2007( \$�� 

[
,-?, C7% �,(�,-� % (,�f� �,( �( )#	� �� (��.  

3. 3. .�� ��
��
/  

Z
�!� 
-J� z��
�,% �(,( �� C�6� (,( � �( ��)1� ���; 

�= )R�� .��  !?�� C7%  �,(�,-�7, ��� ����5 01� 

 ��������*� �����, �)9, % 8,��, &��A!� #��$%( % 

� C5 #��$ � ��  -$��, &��A!� �����5 �( ���	� ��		� ��� 

��� �,�. 0?�� �%�$) 3.( �
�A�  �B���� y���� � ��, 

&��A!� �  #��$C�6� (,( � C7%  �,(�,-��( ���*� 

�����*�� �����5 % (����� ���	� ��		� ��� ��� �( �.� 

�*� �  ��=�	f� ��,( 7, �.� C,%��� ��Y�� .(�� ��*+, 

�����5 �)�*'� % [
,-?, (,�f� 8�f?( �����5 �( �� %( 

�.� % �( ���*� �����*�� ��)1����; C7%  �,(�,-�,� 

�  ��=�	f���,( [
,-?, (,(� � ��=� �  
��Y�� C7% 

 �,(�,-��( �� %( �.� �( ���*� �����*�� ��)1����; 

�( c
,�� ���� �����5 �  0�(.��5   

  

  
  

  

C8
 2. �H���� FG=�� #0+ �9�+ ���*B "('�+) #0+ �9�+ 5&� (b) � #0+ �9�+ 5342 �%446 ��� %
� (c) #* �+%E2 �=+� �� �9D4( 

;%47 �� -)9�� �
�� �L �9K#� �&�( .F@$� #0+ �9�+ ���*B "(�) #0+ �9�+ 5&� (�) � #0+ �9�+ 5342 �%446 ��� %
� (d�) �� 

-)9�� �
�� �L �9K#� �=+�  �%4*.  
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�(  �� �����*�� f"�O�(���� [�� �� 
 C7% �,(�,-� 

)2/47 (/�� 7, �.� �*� 01� ��*�� � ��� �����5 % 

(����� &��'
�� &9�R �� �%�$) 5.( &��'
�� 

�� ��,�� 7, d
�= [��� v�i��, ��� �� % [
,-?, ��= 

6
� ��� 	��7 /7Y ,��� [
,-?, ht$ h5 % �9�	+ 

�
,tU ,� ��,�? �
�*� �  
, v�g�� � [
,-?, -!	��!? 

�J	� �� (�� % �( J�!� (,�� -!	��!?� [�� ��� ,��� 

/,��, ��� �
,�� 7, )*$ �)#	� � �@A� P
�"�
-�? 

�.� �� ����� ��,�? �� (��. 

�( [
��75 ��)1� ���; �= )R�� �,(  ��	�� Z
�!� 


-J� z��
�,% C�6� (,( � ��, �)9, ������5 �.� % 

���	� ��		� ��� ��� �( NO� ��*!R, P
 �9�( �	f� �,( 

�� �%�$) 4.( Z
�!� m46� (�� � ��*+, P
 )R�� 

�����5 ��, �	f� ��,( �� C7% �,(�,-� 0�,��� ��, %( 

)R�� % � )R�� �����5 � \���� s+�� [
,-?, 4/7 % 

7/12 ��9�( C7% �,(�,-� 0#�� � c
,�� /�+ �����5 

�� &'�) 3-.(3", �[�� C7% �,(�,-� �( ��, [	� 

6:�' ,� �� C,�� � �6�
� ;��� r�� ��� �[�� ��%( 

��� % �[�� 0+�� �; C�� �,( 0#�� (,( )Afyooni 

et al., 2014.( Z
�!� �
�A�  �B���� �(,(�� m46� (�� 

� �.� �*� ��  �B���� 6/43 � ��= �	f� ��,( �,�,( C7% 

�,(�,-� [�� ��� 0#�� � �.� C,%��� ��  �B���� 1/35 

(�� &'�) 3 -h.( [	�,% 8%�i!� C7% �,(�,-� /�.�, � 

	�[ �'6: C�6� ��	�( 0����R �
 0�%�A� C5 �� � 

c
,�� [	� �� ����. ��  �	M l�,-� ��� 0�, � �( 

11 �.� /�	� �����(��� ST!:, !�2�'� 	f�� �,(� 7, 

��� ��C,- �[�� C7% �,(�,-� (�$% (�,(. � ��=� � �( 

:��� 7, /�.�, C7% �,(�,-� �( ,��
c 6:�' z; 7, 

��)�� 17 �9�( 0#�� � ���� �[�� 
0?� �( 

"�R� � �( (
�B /�.�, �� 33 �9�( �[�� 
0?� )Ehdaie 

et al., 2008�( �"�R�( � .Khajeh et al )2008( �( 

[�%j; (�: %�� /�.�, /�	� �  
, J�!� ������ � 

��*�� &��'
�� �� /�.�, /�	� 7, ��1" C7% �,(�,-� 

8%�i� �	f� �,(� ,� C�6� .(,�� ��, �( [�%j; ��g�R 

[�� �� 
 C7% �,(�,-� ��,�� 48/40 �� S�@� &��'
�� 

� 0�( ��5 M��, 8%�i� �	f� ��,( �� ��*��  �	���!�� % 

 �"�#�$ .0�,�� �� �� 
 C7% �,(�,-� -�� ��,�� �� 9/36 

� ��*�� ���� }�@!:, 0�,( &'�) 3-x.(   
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 3. �H���� FG=�� #0+ �9�+ ���*B "('�+) #0+ �9�+ 

5&� (b) � #0+ �9�+ 5342 �%446 ��� %
� (c) #* <O� 
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3. 4. ����12 ��
�  

Z
�!� [�%j; C�6� (,( � �( [
��75 ��)1� ���; �= 

)R�� .��  !?�� (�')*+ �,( 7, ��� ����5 01� ����� 

���*� 8,��, �)9, % 8,��, &��A!� #��$%( % � #��$ 

C5 �� � -$ ��, &��A!� �����5 �( �.� �,�. 0?�� �%�$) 

3.( �( �� %( �.� �( c
,�� (����� % /�+ (����� 

���	� ��		� ��� ����  
��Y�� (�')*+ �,( y���� � 

��*�� � )R�� �����5 (�� % �� [��� 8�f?( �����5 7, 

C,-�� (�')*+ �,( !��� �� � ��� �, � �( ��*�� �
( 

�� �� 
 (�')*+ �,( � 0�( .��5 (�')*+ �,( �( ��*�� 

� ��� �����5 01� ��)1� ���; &��'
�� %  �	���!�� 

� ��= &��. �L$�� [�� �� 7, �
�� �����*�� ��)1� ���; 

.(�� M��, �(  
, ��*�� �����5 �( �.� �*� 8%�i�  �� 

&��'
�� %  �	���!�� �	f� �,( �(�#�  '�" �( �.� 

�C,%��� [
,-?, (�')*+ �,( c��� &��'
�� [�� �� 7, 

 �	���!�� (�� �%�$) 5.( �( ��, �(���� � /�B	� 

��'
�&�� � &�"( (7,
(� (,�f� �,( � C5 �� � ��� (�: 

!��J (7,
(� (,�f� )#	� �%��� % (,�f� �,( �( )#	� 0�, 

)*+'(� �,( /�	� ,-?,
[ �� ����
 
	f� �7,��, �@A� 

?�-
2�"�P
 r�-� �� �� (�� )Shekoofa & Emam, 

2008.(  �	���!�� -�� �� � d
�f�  !:,��, ���; % [
,-?, 

��%( ��f? ��� �,( )Hönig et al., 2018( % �� ��, 0#k� 

�%� 0?�� C-4� % [
,-?, 0�?�| �-!	��!? \$�� 

[
,-?, (�')*+ �,( �� .(�� ����6� ��� Dwivedi et 

al. (2013) -�� C�6� (,( S�@�  �	���!�� s+�� [
,-?, 

(�')*+ �,( /�.�, /�	� �� (��.   

Z
�!� [
��75 ��)1� ���; �= )R�� �,(  ��	� -�� 

���R 7, C5 (�� � (�')*+ �,( 7, ��� ����5 01� ����� 

���*� 8,��, �)9, % 8,��, &��A!� #��$%( % � #��$ 

C5 �� � -$ ��, &��A!� �����5 �( �.� �,�. 0?�� �%�$) 

4.( �( �� %( �.� �( c
,�� (����� % /�+ (����� 

���	� ��		� ��� ��*�� �
( �,�,( (�')*+  �
�; ��� 0#�� 

� �
�� �����*�� �����5 (�� % ��*+, �����5 �)�*'� 

s+�� [
,-?, �6M ��� % &��. $�� (�')*+ �,( .�� 

[�� �� 
 (�')*+ �,( �(�f� 6/477 /�� �( `����!� �( 

��*�� � �����5 �� (����� &��'
�� �( �.� �*� � 0�( 

��5 �%�$) 5.( [��� 17 �� 70 ��9�( (�')*+ 8TU 

�( ��, ����5 c��� Ahmed et al. )2019( l�,-� ��� 

.0�, �( [
��75 �g�R [��� (�')*+ �,( 01� c
,�� 

�
( � &�"( 8,��, �i	� (�#*� h5 �� (,�f� �,( �( )#	� 

% C7% �,(�,-� .(��  

  

3. 5. ����12 4#	�5��'  

�= [	� ��'6: C����� �,�� �iR `��	� % [
,-?, 

z��� ���7 ����� ��� �6
%� (�: ,� 7, d
�= 3.�� 

��k'� % l�!�� �"�)� [��� �� �	�( )Li et al., 

2016.( ,t" n����� ��Y�� C����� 7, d
�= [
,-?, 

0�)��. ��� % �A� �( ��= [	� ��'6: P
 S�� 

�)9, �( ����� ��� <T9, 8Y�@1� 3)!4� 0�, 

)Diouf et al., 2018.( 
-J� z��
�,% �
(�A� (�')*+ 

P
2�"��� �B���� C5 0�, � �( ��)1� ���; �= )R�� 

.�� � !?� ����� <�O� 3)!4� �����5 �( NO� ��*!R, 

P
 �9�( % ��, &��A!� �����5 �( ���	� ��		� ���  ��� 

�( NO� ��*!R, Z	; �9�( ��  
, 0i9 �	f� �,( �� 

�%�$) 3.( C,-�� (�')*+ P
2�"��� �( (����� % /�+ 

(����� ���	� ��		� ��� ��� �( ��*�� � ��� �����5 

[��  
�� % �( ��*�� �
( ��  
�� .(��  �� %( ��*�� P
 

% %( )R�� �����5 7, ��1" ����5 8%�i� �	f� ��,( 

�RT� .�6� [��  
�� (�')*+ P
2�"��� /�	� � ��*�� 

 �	���!�� ��  �B���� 19/1327 /�� �( `����!� �( ��*�� 

� ��� �����5 y���� (�� &'�) 4.( [	� �'6: 7, 

d
�= [��� v�i��, ��� )Djanaguiraman et al., 
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2019( \$�� [��� ��"�� �(�� P6: �� ((�� % 

 
,���	� PM�� C�� �7,��, ��� �� % [��� ��"�� �(�� 

P6: �J	� � 0?, (�')*+ P
2�"��� �� (�� )Emam 

& Seghatoeslami, 2005(. �Y�*!R, [
,-?, (�')*+ 

P
2�"��� �( ��*�� �����5 �h�)O� � &�"( l�!�� 

[�� �� % ��= ��%( ����-#� ��(�
7 r�� �� ���� � 

�J	� � (�J
, ��#� P
2�"�
-�? r�-� ��� �� (�� 

)Paolo & Rinaldi, 2008.(  

�( ��)1� ���; �= )R�� �,(  ��	�� (�')*+ 

P
2�"��� 7, ��� ����5 01� ����� ���*� 8,��, �)9, % 

8,��, &��A!� %( #��$ % � #��$ C5 �� �,�. 0?�� 

�%�$) 4(. Z
�!� �
�A�  �B���� �(,(�� C�6� (,( %( �.� 

f"�O�(��� ,%�[	 �%�i!�� 0#�� � <�O� �����5 % 

(����� ���	� ��		� �� C�6� ��(,( ��, �( 0"�R ��)� ��*+, 

�����5 �)�*'� �( �� %( �.� (�')*+ P
2�"��� ,� � ��= 

�	f���,( [
,-?, .(,( [�� �� 
 (�')*+ P
2�"��� �(�f� 

5/1330 /�� �( �!�`��� �( ��*�� � ��� �����5 �( �.� 

�*� 01� (�����  �	���!�� % �� �� 
 (�')*+ P
2�"��� 

2/720 /�� �( �!�`��� �( �.� C,%��� 01� c
,�� �
( 

% (�����  �	��!�� � 0�( ��5 �%�$) 5.(  �	���!�� �� 

� d
�f�  !:,��, ���; ���� )Yang et al., 2016( \$�� 

[
,-?, (�')*+ n����� �� .(��  

  

3. 6. 78�9 :9
��'  

Z
�!� ����5 � 0�( ���5 7, 
-J� z��
�,% �(,( �� C�6� (,( 
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