
  

Online ISSN: 2345-6957 

 

Journal of Crops Improvement 
 

 
Homepage: https://jci.ut.ac.ir/ 

 
 

University of Tehran Press 

 

Evaluation of Yield of Cotton (Gossypium hirsutum) Cultivars in Ultra 

Narrow Row (UNR) Spacing at Two Planting Dates 
 

Ali Naderi Arefi
  

 

Corresponding Author, Cotton And Fiber Crop Research Department, Agricultural Research, Education and 

Extension Organization (AREEO), Varamin, Iran. E-mail: a.arefi@areeo.ac.ir 

 

Article Info ABSTRACT 

Article type: 

Research Article 
 

 

Article history:  

Received: January 25, 2022 

Received in revised form:  

June 27, 2022 

Accepted: October 01, 2022 

Published online: April 16, 2023 

 

 

Keywords:  

Boll,  

density,  

plant height,  

reproductive growth,  

vegetative growth. 

 

In order to investigate the effects of reduced row spacing from usual 75 cm to 25 

cm (UNR), an experiment has been conducted in two locations: Davarabad 

agricultural research station (Semnan Province) and Varamin Central 

Agricultural Research Station. The experimental design is RCBD laid out in split 

plots with three replications. The main plots are the planting dates (May 22 and 

Jun 5, 2020) and five cultivars, i.e. Khorshid, Kashmar, Sajedi, Hekmat, and 

Khordad serve as the sub plots. The results show that location effect on 

vegetative and reproductive attributes has been significant. UNR boosts the yield 

in Aradan, but in Varamin region, this planting method, not only has failed to 

increase the yield, but has reduced it significantly. This is due to reducing the 

boll number as a result of rank growth of plants in UNR system. Reduction of 

row spaces from 75 to 25 cm enhances the number of monopodials, sympodials, 

and plant height. In Varamin, plant height of all cultivars are higher than 119 

cm. the highest yield in this region obtained from Khordad as Control (3886 kg 

seed ha -1). The highest yield in Aradan, obtained from Khorshid (5702.5 kg 

seed ha -1) in UNR system. This shows that the UNR planting of zero type 

varieties is more adabtable for Garmsar condition than that of Varamin.  
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/�  � Z�G K'! (-
  �! K,-
�QE� .K,- R,�
� (@S&  ��/�!�� E'
� �  @S& M� $- ����XH, WI�^ (	_�,

 ��, $- �% (�& �^cI- (��&�! �! K,-1364 .	A $�B% �� �/�  `�� Z�S&- $- 	�A&�Q @S& 	
���  
)�Q 1�Y� �  	A� 

 @S& 1�- ��	�,& �� ���$ .K,- R,�
� �"���X� KA-G
  (-
 115  ��130 �� $�&  �  K��� � G&-G ��e�  G
XHY\ .	A� 

�� �! K,- W^�, @S& �  �_&�Q @S& M� �Sc� WI�^ 
YA�! @S& .K,- Z���� ����H���&� ��G
�4� (&�Y�  � 
�I `

g,�/� �� v&  �% 	A& �&�G ��) .	A� 150  ��155  ���  ?���&- � $�&130  ��145 �/��, 
/� �� b�/��� �	A�   �  WY�/�

��4�� 
C� $- � Z��H���&�  &G K'! (-
  (	_�, � 	�A&�Q 	
��� .K,- �% $- 
�
  �� W^�, � �'� m���- (o���
X� (��

! (-
  ��- �K,- R,�
� e�  @!-
� K'
�QE��Y� ��I�� ( p&�G WI�^ KYX^ @S& .G�A  @S& 1�  �G�, (
��B557  �

�� �"���X� KA-G
  R,�
� � �/�  `�� (-&-G 
)�Q 1�Y� �  K,- �X�_�� @S& M�  ��G
�4� (&�Y�  �  WY�/� .	A� 

 1�  �% 	A& �&�G �! K,- v&G�$ �YS& � �G�  ����&-$�J � ����H���&�120  ��130 �� $�& A�  @!-
/� K'! &G .	

 G�	^ �% G
XHY\ 	���� �-��7 �� 1�  @S& .	A�  ���G-G
Q ��, &G1366  ��, �� � 	A G&-� ����� $-1378  ����XH,

g,�/� �YS& �� 	A Z�[�- �% (�&  	A& �&�G ��) �  v&140  �$�&�  �-�
\  .G�A �J
+� &�'! v&G�$ @S& 1���-

�� �_ $- f� Z�G K'! R,�
�  $- � 	A�  .K,- &-G&�Q
  ����H���&� ��G
�4� (&�Y�  �  ���� WY��  

v�,-
  HS-�@ 	
 ( "_ �-G-&% ��o
��%� � w)�
���Y  ��� �� �� 	A�  .��i����	�&�  1� &��% �&�G ��) &G �-G-&% KAG( 

20  
 -
  ���,101 �H�� 
/� ��  �! 	A� ��  �
� �% &-	�� 1182 �H�� 
/�  ��, &G1365  �@! �
� 
 -
  �% 120 �H�� 
/� 

 ��, &G1347 K,- �G�/J- z���- . �,& Z�� �'���$% �\&"� U�Q KJ� �� Z�� �/H�, �  ��	_) 	A� 1 .( �  �-G-&% KAG

HS- �  �_���� � M'Q @��Y A�� �! M'Q� A�^ &G 1/J
�&-
S $-��! ����� 
C� $- �K,- 
�\-&$ �e�V�� 	�  � 

G�	���K ���� � �& �&K,�
� .�(� ��G��X'Q �� � ��&�A "( \-&$ U�Q � u%� - $-�G�	�� 1�K �  �� � &�YA� 	��& .

���) &G �Y�HS- `�� (-&-G 1��-&� ��d
� 1��! �Y�HS- (	
  Bsaks u% g�-
A m
+� �! K,-  � ��� ��  ��-���

�Y�� ,- ��� ��  1�- @�HS- .K�� M'Q �$�^ ��4�� $- � 	A�   (��
� �@! ��	�&�  �% (�� ��e�) M'Q �&�G � G��$

�� 	A�  . �  1��-&� &G ��G �-"��8/41 ) �_&G�
�'�   � ���G-G
� �  {� 
� (wHd�@! 
� �  ��G �-"�� 1�8/16–  �_&G

)�
�Y! 1Y.  �  {� 
� (wHd� �G�  ��� .K,-  1�i�����G ���,  1��-&� ��i/��- &G ������, ��	�&� 218 �H�� 
/�  .K,- �G� 

-&-G 1��-&� (76  ��, &G �-	
��� $�&�� A� 	 .  

�G��% $- f� 	A G�[�- &��A �
|�&�J $- �G��/,- �  �&�.  WVJ &G 
/�  ��.� � 1��$ ($�,�/'� (�& .  �  ��	AG�[�- (��

M��!  �HI�J �  1!$�  &��A ���� �G (-&-G �/,G (��25 �/��, 
/� @S& (-
 ) K'! F�G& �G 1�   �(�/�  `�� (��

 ��&t  � 	A G�[�- }-&�,�  �&�I �s! ) (-�A (���l 
� &G &t  G	\ /A�!.	A � ���  �HI�J  @� $- ��15 �/��, 
/�  &G

 @S& K'! .	A �/J
� 
C��  ���G-G
Q �-�
\ F�G& �HI�J &G �	��A  (��75 �/��, (
/� .	A Z�[�-  

  
 <*�=1. �@A�* ��+ B���!C DE� F�G ����.�8 * ���H��  

��d
�  ���Y� wY\(&-G
  )cm(  KJ�   �/�	�,-  U�Q (&�A )dS/m(  ut_ W �S @�,�/� )mg/Kg(  ut_ W �S 
��J )mg/Kg(  ��% 1 
! )%(  

�-G-&%  0-30  Z�� �/H�,  4/7  2/8  420  8/6  35/0  

1��-&�  0-30  �,& Z��  4/6  6/1  310  4/6  38/0  
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 W��A �
! 
��A  �
! 
� 1�  � G�  KA�! gQ�G  gQ�  �-�
\  �S�  KA�X� ���A�^ 	���. gQ 
� ��) K'! 

8  
/� .G� M
� ���  �G
!  �H^
� &G ��&�.l  ���A 	A Z�[�- ��
 .  G�! Z�, M� W��A ���� (��G�!��o�
/�� �  �-
Y� 

W! ����J �-
/�� � @����%  @�,�/���I��  �	A�!
� U�Q �  M��G �  �-
Y� RW� ?�
A �H^
� &G .	A  $- K �� M� ��G

 �-"�� �  K��  �, W��! �
!�� G�!10  &�/X� &G Z
��H�!�  �-
Y� 50  &G .	A �G��/,- (��- U
,) �&�- G�! Z
��H�!

W� Z�, �/��  �-"�� �  �&�- Z�G U
, ��G50 �$�B �	A$�  ?�
A �H^
� &G .	A m
V� &�/X� &G Z
��H�!  "�� ��10 

G Z
��H�! e�  v�/� W��! G�! &�/X� &36-12-12  .KJ
� &-
S �G��/,- G&�� ��d
� m
\ w�) (&�� %&�G � � 12  �$�&

 Z�[�- ��- K'! ]�&�� &G �?�Y[� &G .	A�y�  Z�G K'! &G � K ��K�� FH\ �  �$&��� .	A Z�[�- (&�� % K ��  $
� (��

 KA�! $- f� Z&�.l �/�� ���  �&�I  	A Z�[�- �/,G 1�_����  R,�
� �'��& 	A& ��% $- f� �  � 	A& $- *��� ��

FH\ K����B  $
� (��	A M� G&�� &G "_ �  �! ���   .G��� �$&��� �  ($��� z��S 	
��� ��
  M�&�  (���  &�C
�  ���!

 K �� �G M
, �&��Q@, A��W� 
Q-�- � g,-�- &G KJ% 1�- ��H\ � �- f�,G � &�	��
! @, $- �G��/,- �  ��G .	A Z�[

W� W�-�- $- �$�B Z
! K���+J �  �_�� �   K �� �, �WVJ ����� �� ��G@, A�� Z�Y, $- �G��/,- �  ��J% 1�- ��H\ 
  �

) 1��&e � K�-�%�  R��
� 250 �H��  � 
/��1 .	A Z�[�- (&�/X� &G Z
��H�! 

 �
! 
� $- WVJ ����� &G0
�  �  
 -
 ) ��� 75/0 * 
�
/���4�� �� 	A u��/�- (  ��
� G-	+� ����  ?���&-) �'��& (��

�Q�A G-	+� ��
� �  ?���&- K��� �Q�A ��) ���-$ � ���& (�� �$-	�- (��-$ � ���& (��  .G�A (
��@� 1�
l  G
XHY\ (-"_-

 &G ���  G-	+� W��A* 
�
/� �) ���  &G �$�B �* 
�
/�-
  .	A K�D � 1��+� �$�B K��  �$� � ( M� �G
XHY\ 1��+� (

� .	A 1�$�� � KA-G
  �
! ���  � mt^ �
! 
� 1�J
) $- gQ M� � 1���� � e�  $- 
/� 0��/�G-G K�D $- f�  &G ��

Z
�  &-"J- Excel�  Z
� $- �G��/,- &-"J- SAS  ����)1/9 ( W�H�� � ��"[�	A 1�i���� ������ �  ���$% $- �G��/,- �  ��

 ��Y/^- qd, &G 1X�-G5 .	A Z�[�- 	I&G  

  

3. 
�.�/ 01� #  

��4�� 
  (@�HS-) ��X� 
D-  ��-$ �Q�A ��) � ��-$ �Q�A G-	+� ����& �Q�A ��) ��
� G-	+� ����  ?���&- W��A �'��& (��

�
+� bc��! ) G�  &-G01/0P<�
+� 
�DE� ��
� �  ?���&- K��� � ���& �Q�A G-	+� 
  ��- �( ��4�� 
C� $- .KA-	� &-G  (��

 ��d
� &G .G-G ��'� (
�
  1��-&� ��d
� �m���- W�! � ��-$ �Q�A ��) � G-	+� ��
� G-	+� ����  ?���&- 	
��� �'��&

 ��	_) �\-&$ U�Q R,�
� g�-
A �1��-&�1u% � ( �	/+� (-��� ���  �'��& 	A& ��-"J- R_�� �
�  .	A ��
� (��

�  (&�) ��� �'��& 	A& F�G& �HI�J ���! �  �!rQ�A ������ ��% 
  ��c\ .KJ�� ��-"J- �  $- ��d
� �G �Y�HS- (��

 �-G-&%) #&�  1�i���� �HY_101 �H��  1��-&� �  ������ &G 
/�218 �H�� @! (��G wHd� �
�'�  �(
/�  �G� 
�e�  � 
�

@� .G�  �'��& 	A& (-
  �Y�HS- R,�
� g�-
A $- �!�^ �1��-&� &G ���� K �)& �-"�� �1�
l  1�- &G U�Q (&�A

�Y� G�[�- ���  	A& (-
  �/�G�	�� ��d
�  ��	_) 	
!1@�-
J R_�� W�-�\ 1�- ?�Y[� � (  	A& (-
  g�-
A �	A

��  �'��& ���  
� @� .K,- �	A �-G-&% �  ������ &G �� �  ��d
� 1�- &G ���  ?���&- 1�
l  G�	^ 1�i���� &�)53 

�/��, ��  
/� 	_) 	A �-G-&% $- 
� ��3�  �	A& ��-"J- 1�- 
i�G G�Y� .( @�  �  �'�-$ � �'��& 	A& 1�  �G�+� �G&�Q

�  �! K,- �'�-$ 	A& *��  $�
  G
XHY\ � * 
�
/� &G �$�B G-	+� ���-$ �Q�A ��) ���! �&�I ��	_) K,- �/J��2 .(

 (
�
  1�- �G�  
�e�  �-G-&% �  K��� 1��-&� ��d
� &G ��-$ �Q�A G-	+� � ��)��  ?���&- $- �A��  ��-"J- � ���  
�

Z-	�- 1�  K �S& � G��$ �'��& ��- �G�  �HI- �S�, (�& �
� G-	+�  �  
[
� G$ @� �  -& 	A& �G�+� ��'�-$ � �'��& (��

Z-	�- (�Y� W��X� �� � W�X'� ���!  a�V/Q- �  
[
� �G�+/� �'�-$ � �'��& 	A& �-G-&% g�-
A &G .	A �'�-$ (��
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 * �
���  �i� ��-"J- � �'�-$ 	A& �  
� ) 	A * 
�
/� &G �$�B (&-G1/94  �  ������ &G7/42 (
�
  R_�� �! (

W �S ) 	A 1��-&� �  K��� ��d
� 1�- G
XHY\ �_��5/5165  � �-G-&% &G2050  ��-"J- .(1��-&� &G &�/X� &G Z
��H�!

 
�DE� G
XHY\ 
  ��$�B �$� � G-	+� ���! �  ���  ?���&-) G&-G ��
�Naderi Arefi & Abedini Esfahlani, 2013 .(

1�- �  ��4�� 
��, � ���  ?���&- 
  ��X� 
D- ���^ ) K,- �	A #&-"� ?�
/� (	A& (��Nawaz et al., 2021 .(  

�Q�A G-	+� 
  KA�! ]�&�� 
D-   qd, &G ��-$ � ���& (��1  qd, &G ���& �Q�A ��) � �
� G-	+� 
  � 	I&G5 I&G 	

�
+�  ��	_) G�  &-G2���� ��) �� �
� �  ?���&- K��� ����  ?���&- 
  &�Y�� 1�- .( �Q�A ��) � �
�  ��-$ (��
�DE� 

�
+� @S& .KA-ti� (&-G  ����� @��  ��-$ �Q�A ��) � ���& �Q�A ��) ����  ?���&- 	
��� ����I 
C� $- �,&
 G&�� (��

bc��! �
+� ) &-G01/0P<	�G-G ��'� ( ]�&�� �G &G ���& �Q�A ��) � �
� �  ?���&- K��� ��
� G-	+� ����  ?���&- �-
��n� .

�
+� KA�! 	'� &-G. �  
i�G �&��\� @�
  &�Y�� �G 1�- 1�  �
+� �
! @�
  .KA-	� G�_� &-G  
  KA�! ]�&�� � @S& �
!

 qd, &G ��-$ �Q�A ��) � ���& � ��-$ �Q�A G-	+�5 �
+� 	I&G  	A &-G ��	_)2.(  

  

3 .1 .2
3"�+ �",�  

�
+� 
�DE� KA�! ]�&�� @� .KA-	� ���  ?���&- �-
��n� 
  (&-G @�
  �1�
l  qd, &G K�I 1�- 
  ��X� &G @S& �
!1  	I&G

�
+� 1�- �  .	A &-G @�
  
�DE� K�� K�I 1�- ���^  ��	_) KJ
i� &-
S KA�! ]�&�� &G ��X� � KA�! ]�&�� &G @S& 1�  �
!

2.( �  1��+� @S& � 	
/A-G � �'� �-
��n� KA�! ]�&�� �G &G ���  ?���&- ��X� �G 
� &G �
i�G �&��\ ����� �	

!  ?���&- (��

��'� K�I 1�- �-
��n� 1�i���� ������ �! G�  ���  �� ���  ?���&- 
C� $- 	�A&�Q @S& (
�
  �	
�G  ��	_) 	A� 4 .(  

  

 <*�=2. K	����* ��HL� M��'	 (��N O���	) �&�*� ��PQ B���!C R��� *� �� �+  


��n� * �
�  
 �_&G  
(G-$%  

��+ 
� 1�i����  
 ?���&-  

���   
 G-	+�  
�
�  

 K���  
�
� �  ?���&-  

 G-	+�  
���& �Q�A  

 ��)  
���& �Q�A  

 G-	+�  
��-$ �Q�A  

 ��)  
��-$ �Q�A  

��X�  1 **5/41123 ** 2/1416 ns 11/0 ns 25/1 ** 7/113 ** 7/754 ** 58/85 

��X� &G &-
X�  4 ns 8/151  ns 82/3 ns 86/0 ns 17/0 ns 35/10 ns 2/1 ns 33/4 

KA�! ]�&�� 1 ns 27/19 *11/14 ns 73/0 ** 38/12 *9/48 ** 82/88 ns 99/0 

]�&�� ×��X� 1 ns 57/66 * 38/1 ns 05/0 ns 176/0 ns 48/0 **31/23 ns 11/2 

�\
J ���/A- 4  48/3433 2/0 43/0 66/0 85/22 25/0  89/0  
@S&  4 ** 1/4068 ** 85/13 ** 11/6 ** 56/8 ** 35/1091 ** 03/85 ** 52/915 

@S& ×]�&�� 4 ns 39/193 ns 15/2 ns 22/0 *39/1 ns 97/10 * 67/2 * 32/6 

@S& ×��X� 4 ** 38/2032 ** 93 ns 76/0 *34/1 ** 15/93 ** 49/139 ** 24/144 

@S& ×]�&�� ×��X�  4 ns 7/256 ns 81/0 ns 49/0 ns 136/0 ns 1/5 *7/3 ns 83/3 

�HI- ���/A- 32  54/173 64/1 39/0 11/0 29/4 81/0  05/2  
) �-
��n� R�
�%(   81/10  52/5  84/11  87/14  58/12 23/6  63/13  

ns �** �*: �  �
+� R��
�  qd, &G &-G ��Y/^-5  �1 �
+�
�B � 	I&G &-G.  

  
 <*�=3�" R��� �T� . �@A�* �����U� /0� 1
'2� ��+ �-��" ���� ��+  

��d
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�� 
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�
 

) �
$�

B
g(  

 G

XH

Y\
 #

�
)

K
g

.h
a 

-1 (  

W
�!

 )
%(  

�-G-&%  62/95  b 35/18  b 33/5  a 37/3  a 8/17  a 87/10  b 31/9  b 1/94  a 01/5  a 5/5156  a 7/37  a 

1��-&�  98/147  a 07/28  a 24/5  a 08/3  a 07/15  b 97/17  a 7/11  a 7/42  b 38/4  b 2050 b 6/37  a 

1�i����  qd, &G 1X�-G ���$% w�) �	�&-G U
/'� m
^ M� WS-	^ �! ��/, M� &G *S-� (��5 	I&G �
+� mc/Q- @� �   .	�&-	� (&-G  
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�Q�A "�l�� ��) �  �_�� �   	A& ���! $- �A�� �c�Y�,% G�&� ��-"J- �	�A&�Q @S& 
�I `�� ��4�� � ��-$ (��

 ��	_) �'�-$5 .K,- �	A ���  ?���&- ��-"J- m
I �(@! 
� (	_�, @S& &G ����$% ��X� �G 
� &G ���  ?���&- 1�

�$-	�-  .	A (
�� �����`����o ���  ?���&- �! K,- �	A  ���� FH/�� (��G. hirsutum  1� 60  ��89 �/��,  
/�

) K,- 
�n/�Nawaz et al., 2021 $- F�G& �HI�J ���! �-
D- �,&
  �  .(70  � 60  �50 �/��, @S& 
  
/�  (��

 ��-"J- $- �A��) qd, 	^-� &G �$�B G-	+� ��-"J- G�_� �  �?���&- ��-"J- �  �! 	A r�'� ��/�H� � F�d� �	�A&�Q

) KJ�� ���! G
XHY\ (
/� 
� &G ���  G-	+�Barzali, 20211�- �  .(  $- �F�G& �HI�J ���! �  ���  ?���&- ���! ���^

80  � 20 �/��, @S& &G �
/� ) K,- �	A #&-"� ��/�H� � 
YA�! �(	_�, (��Zabihi et al,. 2013; Ghajari et 

al., 2016 (G&-G �i
��Y� �-G-&% &G �� 0��/� �  �!  �  �!�Q &G ��-tB G-�� (-
  K �S& 	
��� �H�-�\ $- �A�� be�Y/^- �

 ��) 	�	A ���! �  
[
� F�G& �HI�J ���! �1��-&� ��d
� &G .K,- �G�  ��d
� 1�- &G F�+� ("��HI�^ g�-
A

�Q�A  ��	_) ���  &G �$�B G-	+� �[�/� &G � ��-$ (��5	�- KY, �  ("/
,�/J G-�� 
��� 
��n� .	A (Z-  � �'��& (��

���  ?���&- �_�� W �S ��-"J-  ��	_) 	A�  ���! 1�- ���Y/^- W�eG $- ��3.(  

  
 <*�=4/0� �-�$ . B���!C R��� �� ���U� �" �&�*� ��PQ �W	 !� �+  

��X�  @S&  
 ���  ?���&-  

)cm(  

 G-	+�  

�
�  

 G-	+�  

���& �Q�A  

 ���& �Q�A ��)  

)cm(  

 G-	+�  

��-$ �Q�A  

 ��-$ �Q�A ��)  

)cm(  

�-G-&%  

G-G
Q  a 4/105  a 2/23  b 7/3  a 65/28  a 2/17  a 6/16  

	�A&�Q  a 111  c 9/16  c 4/2  c 8/11  c 33/9  c 75/4  


YA�!  b 5/89  c 15/17  a 7/4  b 5/19  d 25/7  c 36/5  

(	_�,  c 7/81  b 19  bc 9/2  c 11/12  b 07/11  c 98/5  

KYX^  b 5/90  c 5/15  bc 18/3  b 05/17  c 5/9  b 85/13  

1��-&�  

G-G
Q  c 3/119  c 25  b 92/2  a 23/34  bc 2/18  a 8/30  

	�A&�Q  a 42/190  a 3/32  c 57/1  d 07/3  a 9/22  c 45/3  


YA�!  b 3/152  b 4/28  a 97/3  b 8/15  ab 21  c 97/3  

(	_�,  c 5/120  c 47/25  ab 27/3  c 75/5  d 3/10  c 53/3  

KYX^  b 3/157  b 12/29  ab 7/3  b 47/16  c 45/17  b 7/16  

 ��d
� 
� &G1�i����  qd, &G 1X�-G ���$% w�) �	�&-G U
/'� m
^ M� WS-	^ �! ��/, M� &G *S-� (��5 	I&G �
+� mc/Q- @� �   .	�&-	� (&-G  

  

 <*�=5. K	����* ��HL� M��'	 N(�� O���	) ���
.� ��H=� * ���
.� B���!C �
Y,� *� �� �+  

 * �
�
��n�  
 �_&G  

(G-$% 

 �$�B G-	+�  

���  &G  

 �$�B G-	+�  

* 
�
/� &G  

 �$�  

M� �$�B  

 G
XHY\  

#�  
W�!  

��X�  1 ** 38 ** 85/39590 ** 98/5 **144775749 ns 048/0 

��X� &G &-
X�  4 ns 26/0 *14/437 ns 142/0 ns 1065118 ns 67/0 

KA�! ]�&�� 1 ** 4/4 *88/457 ns 057/0 ns 5/526066 ns 13/0 

]�&�� ×��X� 1 ns 07/0 * 9/641 ** 15/3 **5938639 ns 0015/0 

�\
J ���/A- 4  43/0 63/295 44/0 1225389 64/0 

@S&  4 **36/255 **36/921 ns 058/0 ** 2187359 ** 34/8 

@S& ×]�&�� 4 **9/6 ns 95/246 ** 27/0 ns 1/786072 ns 47/0 

@S& ×��X� 4 **17/3 * 15/3273 ** 5/0 * 5683774 ns 79/2 

@S& ×]�&�� ×��X�  4 ** 62/2 ns 43/300 ns 053/0 ns 6/728935 ns 21/0 

�HI- ���/A- 32  3/0 8/87 33/0 283348 69/0 

) �-
��n� R�
�%(   36/9  7/13  9/3  77/14  21/2 

ns �** �*: �  �
+� R��
�  qd, &G &-G ��Y/^-5  �1 �
+�
�B � 	I&G &-G.  
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�  &�)  1��-&� ��d
� &G ���  ?���&- �[�/� &G � �
� G-	+� �H!��  
� �  �'��& 	A& �  �./
� �! G�  �-G-&% $-  ���&

���   ��	_) 	�G
� ��4���4� .(  �'��& 	A& �  
[
� ��-tB G-�� � u% �J�! �Y�-
J �! K,- �G-G ��'� ������� (��

�  �� ���& ) G�AStewart et al., 2009 
C� �  .(�� WI�^ 
C� $- �\-&$ U�Q g�-
A � ��d
� �X'Q �! 	,&  ("�Q

�G�.� �J�! �Y�-
J $- *��� ��-G-&% &G 1����  �HI�J ���! $- �A�� 	�	A K �S& g�-
A &G �'��& 	A& M�
�� (-
  ��

���  �'��& 	A& ��[�/� &G .K,- �	A F�G&  �d -& 1�- &G .K,- �	'� 	�	'� ��#&-"� ���� ���! 
  �
��  ���  ?���&-

F�G& &G K'! &G M�&�  (�� ) G&-G G�_� 
�Hiyat et al., 2020; Rabbani et al., 2020; Ghajari et al., 2016.(   

  

3 .2 .# �+'4" 5,6 7��#� �8
$  

@�
  �
+� ���& �Q�A G-	+� � ���& �Q�A ��) � G-	+� 
  ��X� &G ]�&�� � ���X� &G ]�&�� &G @S& �
! ��	_) 	'� &-G 

2�
+� �  �_�� �  .( @�
  �	A&-G @�
  1�- 1�i���� ������ �]�&�� &G @S& �
!  ��	_ &G �
!)6(  .K,- �	A �G-G ��'�

 KA�! ]�&�� &G1/3/98 
YA�! @S& ���  
�) G
! 	���� -& �'��& �Q�A G-	+� 1�i���� 1�63/4  @S& � (���  
� &G G	\

 (-&-G 	�A&�Q@! 
��Q�A G-	+� 1�i���� 1� ) G�  ���  
� &G �'��&9/2  ��	_ �G	\2) Z�G K'! ]�&�� &G .(15/3/98 (

��  
� � 
YA�! @S& �  {� 
� ���- K'! ]�&�� 	
��� ���& �Q�A G-	+� 1�@! 
� G�  	�A&�Q @S& �  {� 
� �% 1�

)�  R��
� 03/4  �02/1  ��	_ ����  
� &G G	\2 @S& .( ���G-G
Q $- �KA�! ]�&�� �G 
� &G� � 
� ���& �Q�A ��) 1�

 � G�  &-G&�Q
 @! 
�@S& &G ���& �Q�A ��) 1� �$-	�- (	_�, � 	�A&�Q (��  WXA) 	A (
��1.(  

�Q�A ��) �	A Z�[�- ��d
� g�-
A &G �! (
i�G ���4� &G  (	_�, � 	�A&�Q @S& $- ���G-G
Q @S& �'��& (��

��  ) G�  
�Naderi Arefi & Abedini Esfahlani, 2013���4� 
��, .( ��  	�j� 	�j� ��  �'��& 	A& �G�  
�

@S& �  K��� ���G-G
Q @S& �� �/�  `�� (�� ) 	A� Naderi Arefi & Hamidi, 2014; Ghasem et al., 2008 .(

�Q�A �Y� �� (�
�� �HI- �S�, �Y� (�i�- $- �'��& (�� ) 	

!Stewart et al., 2009���, ��[�/� &G (  � ($-	�-

�G�	���� &�� K �% 	A& ���! &G 	�-�� F�G& &G ��  � 	A�  
Dj� ("/
,�/J G-�� 	���� ���! $- �A�� M�&�  &���  (��

M�&�  G�_� �  �Q�A $- ��+  ��) ��-"J- � �	A �Q�A ���) 	A& 1�i���� ���  W�X'� �� ��
!�/,c  .	�G ���! -& ��

�$�B% 1���� �� 1��+� �!) ��-$ �Q�A 1���- $- 
� !�� �Q�A 1�- 
�$ (���& �Q�A G-	+� �	

 �  �(	A�  W �S &�) �C^c�  (-

��e�) �Q�A $- 
� ) K,- 
�e�  (��Reddy et al., 2002 .(  

  
 <*�=6�8�( 1
'2� ��+ ����� �� �3,$ [�0�� �&�*� ��PQ \� 	��� �6��
� . 

KA�! ]�&��  @S&  ���& �Q�A G-	+�  ��-$ �Q�A G-	+�  ��-$ �Q�A ��) )cm(  

1/3/98  

G-G
Q  cd 3/3  a 8/18  a 6/22  

	�A&�Q  d 9/2  a 25/17  c 23/4  


YA�!  a 63/4  a 3/15  c 75/4  

(	_�,  bc 6/3  b 6/12  c 23/4  

KYX^  b 9/3  a 3/14  c 23/4  

15/3/98  

G-G
Q  ab 28/3  a 5/16  a 8/24  

	�A&�Q  c 02/1  ab 15  c 97/3  


YA�!  a 03/4  b 9/12  c 58/4  

(	_�,  b 5/2  b 7/8  c 28/5  

KYX^  b 98/2  ab 8/12  b 5/14  
 KA�! ]�&�� 
� &G1�i����  qd, &G 1X�-G ���$% w�) �	�&-G U
/'� m
^ M� WS-	^ �! ��/, M� &G *S-� (��5 	I&G �
+� mc/Q- @� �   .	�&-	� (&-G  
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 D�81�&( ����� *� �� ��*� �G�8 <�� �����U� .  

  

�� �v�,- 1�- 
   �-�� G-	+� (����$% 1�- Z�G K'! �� (
�QE� K'! � �'�) 	\����� g�-
A &G �! KA-G &�C/�-

�Q�A @! (���& (�� ��  K. �'� �-G-&% �  �Y�HS- 
C� $- �! &-�"�, g�-
A &G .G�A W�X'� (
�  0��/� G&-G (
�

�. �'� ) K,- �	A #&-"�Bagherabadi et al., 2019	A #&-"� �0��/� 1�- mcQ
  .( �! K,- �
�QE�  KA�! &G

 ���& �Q�A G	+� ��-"J- R_�� �Y! �-"�� � 	A )Mehrabadi, 2017.(  

  

3 .3 .�8
$ 5,6 # �+'4" 
�+9  

 1�i���� �  ���G-G
Q @S& ��-$ �Q�A G-	+� 
C� $- ���- K'! ]�&�� &G8/18  �  (&��% 
C� $- ��- �G-G ��'� (
�
  �'�-$ �Q�A

@S&  � 	�A&�Q �KYX^ (���
+� mc/Q- 
YA�! �  (	_�, @S& (��-$ �Q�A G-	+� .	
/A-	� (&-G  1�i���� &�)6/12  G�  G	\

@! �! @S& 
��, $- 
�  ��	_) G�  ��4��  �Z�G K'! ]�&�� &G .( ) 	A #&�YA ���G-G
Q @S& &G ��-$ �Q�A G-	+� 1�
�5/16 

��  F�G& �HI�J .(G	\ �� 
� @S& 1�- �,
/,G ��-"J- &G 	�-��  $- �$�  (	A& `�� �  �_�� �  �[�/� &G � G�A 
Dj� * �
� � 

Z-	�- 
��, � ��-$ �Q�A G-	+� ��-"J- (-
  * �
� 1�-  ��	_) G
�  �
.  �'�-$ (��6 ���! 
D- &G ��-$ �Q�A G-	+� ���! .(

���4� &G F�G& �HI�J ) K,- �	A #&-"� "�� 
i�G (��Khan et al., 2021; Hiyat et al., 2020 ���  �d -& 1�- &G .(

�Q�A � �HI- �S�, ��
!�/,c� ��) ��
� ���  ��"�� � *�
� 1�  �G�+� Z	\ �&�I &G �! K,- �	A  ��-"J- -& ��-$ (��

�� ) 	�GReddy et al., 2002�� �! ( �Q�A G-	+� 
  @��/�� 
�DE� 	�-�� �% ���! �  
[
� � 	A�  �/A-G �'�-$ (��  .G�A ��

- 0��/� � �'� �	A Z�[�- 
YA�! g�-
A &G K'! ���$ � ((&t  � ���'�) K'! ?�� a�VQ &G �'��4� &G ����4� 1�

�Q�A G-	+� ���! k\�  KA�! &G 
�QE� �! 	A r�'� �� ��-$ (�� ��-�_ 
�QE� �  &�.x ���! 1�- KH\ .G�A  �'�-$ (��

Z
� $- �A�� ) 	A �-�
\ -�� �	AMehrabadi, 2018 g,�� 0��/� 1�- .(Mounian Ardestani et al. )2018(  	��E� "��

.K,- �	A  

 @S& ��- KA�! ]�&�� &G ��-$ �Q�A ��) 
C� $- ���G-G
Q) G-G ��'� (
�
 6/22 �/��, 
/�����! � ( �Q�A 1�
�  (��

@S& g,�� ��-$ ) 	A 	���� �/�  `�� (��23/4 �/��, 
/� �  .(
�QE�  @S& (��-$ �Q�A ��) 1�i���� �KA�! &G ���G-G
Q

 �  � KJ�� ��-"J- �!	�-8/24 �/��, 
/�  ��	_) 	�,&4�� &�C/�- .(  �  �! KJ&
�QE�  �K'! &G�  KH\ Z
�  -�� �	A 
�

�Q�A ��) ��_ (
���� (����� ��-"J- �  
��, 	
��� "�� ��-$ (����4�� (��  �'�-"J- 1�
l �	 �� ���! �'��&

�� -	�- W��X� Z	\ �� g�, $- �A�� 	�-��Z  K'! $- �A�� (��
� &G �'�-$ (��
�QE� ��-"J- KY, �  G-�� K�-	� � (

�/J�� mcQ
  0��/� 1�- .	A�  �Q�A ��) ���4� 
��, (�� ) �-
�Lashari et al., 2020; Naderi Arefi & 

Abedini Esfahlani, 2013�� (  ��-"J- &G ��-tB G-�� �Y�-
J � &�� K���! �-
��n� �! K,- �	A #&-"� .	A� 

 ��-$ �Q�A ��)
Dj� ) K,-Stewart et al., 2009 .(  

a

c

b

c

b

a

c

b

c

b

99/3/15 99/3/1
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3 .4 .����	
 �+;<+ # ����	
  

�
+� 
��n� �  
[
� ����$% ��X� �G &G KA�! ]�&�� 
��n� 
  ��- �	A G
XHY\ � * 
�
/� &G �$�B G-	+� ��$�B �$� &-G@�  �
!

�
+� m���- W�! � ����  &G �$�B G-	+� 
  ����$% ��X� � ]�&��  ��	_) 	'� &-G5@S& .(  	
��� ����I 
C� $- �,&
 G&�� (��

�
+� bc��! ����� G
XHY\ � W�! �* 
�
/� � ���  &G �$�B G-	+� �% ����� ��- �	�G-G ��'� &-G �
+� �$�B �$� 
C� $- ��  	'� &-G

 ��	_)5
  .(@� �
+� G
XHY\ � W�! �* 
�
/� &G �$�B G-	+� 
  KA�! ]�&�� � @S& �
!  ���  &G �$�B G-	+� � �$� ��- �	'� &-G

@S& �
+� bc��! ����� KA�! ]�&�� 
�DE� K�� �,&
 G&�� (�� ) (&-G01/0P< ��	_) 	�G-G ��'� -& (5 ��'� ?���� 1�- .(

�� @S& ],�� �! 	�G  ����I 1�- 
C� $- ���� ����$% ��X� �  �/�  �, 
D- .	A�  ����/� 	�-��  ��X� � KA�! ]�&�� �@S& ����

�
+� 
�DE� ���  &G �$�B G-	+� "_ �  ��	_) KA-	� W�! � G
XHY\ (-"_- 
��, 
  (&-G6 .(  

 �-G-&% ��d
� &G��  
� @S& $- ���  &G �$�B G-	+� 1��  ���G-G
Q K,G ) 	�%92/13 ��d
� &G �! (G	\  �  "�� 1��-&�

 	����1/14  .G
! ��^ -& G�Q (
�
  ���  &G �$�B@! 
� �-"�� �  �-G-&% ��d
� &G ���  &G �$�B G-	+� 1�98/3  &G G	\

 "�� 1��-&� ��d
� &G @S& 1�- .	A �	��'� KYX^ @S&@! 
�) KA-G -& �$�B G-	+� 1�4/2 1�- �  .(G	\  G-	+� 
C� $- ���^

 &G �$�B* 
�
/� � &G) 	�A&�Q @S& �-G-&% ��d
36/106  @S& 1��-&� ��d
� &G � (G	\ ���G-G
Q)8/83  (
�
  (G	\

 ��	_) 	�G-G ��'�5 .(@! 
� &G �$�B G-	+� 1�* 
�
/�  KYX^ @S& &G �-G-&% ��d
� &G�  &�)  1�i����65/83  &G � G	\

 1�i���� 	���� �  @S& 1�Y� "�� 1��-&� ��d
�58/25  
� &G �$�B
/�* 
� F�+� @S& $- 
�  .G�  
i�G (��  

 &G �$�B G-	+� �G� e� * 
�
/�  &G ���  G-	+� ��-"J- � F�G& �HI�J ���! $- �A�� �-G-&% ��d
� &G 	�A&�Q @S&

�� qd, 	^-�  1��-&� ��d
� &G .	A� �  KH\ �  	A& (-
  g�-
A �G� 
�	\���  ��-"J- � F�G& �HI�J ���! ����&

�  
[
� �@!-
� 1�  $-  �'��& 	A& *�� �  �'�-$ � �'��& 	A& �G�+� 1/J&	A � ���  &G �$�B G-	+� ��[�/� &G .* 
�
/� 

 ��	_) G-G ��'� (	�	A ���!6���4� &G F�G& �HI�J ���! �  ���  &G �$�B G-	+� ���! .(  #-"� "�� 
i�G (��

) K,- �	ALashari et al., 2020; Khan et al., 2021; Hiyat et al., 2020 �$� K,- 1XY� @!-
� ��-"J- �  .(

 ��- �	 �� ���! ���  &G �$�B G-	+� � �$�B�  KH\  &G ���  G-	+� ��-"J-* 
�
/� ��-"J- qd, 	^-� &G �$�B G-	+� �

KJ�� 	�-�Q �Y� ���! #� G
XHY\ �[�/� &G ) 	 ��Mounian Ardestani et al., 2018; Ghajari et al., 2016 .(  

d
� &G @S& �-G-&% �� ���G-G
Q@S& 
��, $- 
�
  �$�B �$� 
C� $- KYX^ �  ��	_) 	�G�  ��5 �) �J�! �'��& 	A& .(

�  ��  @S& (���& ���G-G
Q�$�B u�Hd� 	A& (-
  �J�! �c�Y�,%  �! K,- �G&�% @�-
J -& @S& 1�- (���  �&�I  ��-"J-

	A& G�_� �  KYX^ @S& &G .K,- �/J�� $�
  �$�B �$� �� �'��& �  �F�G& �HI�J ���! $- �A�� G��$ �-	
l �� 
C�  	,&

 �  ���  
� &G �$�B G-	+� ���! �!@! 
�  $-&�.l  � �-G-&% &G G	\4/2 �$�B 1�  K �S& �1��-&� &G G	\  G-�� (-
  ��

 .K,- �	A �$�B �$� ��-"J- �  
[
� � K,- �G-G ���! -& �G&�
�  

@S& ����� 1��-&� ��d
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