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The aim of this study was to investigate the interaction between planting date and 

the nitrogen application rate on the growth and yield of winter wheat in Torbat-e-

Jam, Khorasan Razavi province. The field experiment was conducted in a 

randomized block design with split plot arrangements and three replications in 

Torbat-e-Jam, in the 2019-2020. Experimental treatments included three planting 

dates: 1 October, 17 October and 2 November as the main plot, and nitrogen 

fertilizer at levels 0 (as a control), 100, 125, 150, 175 and 200 kg nitrogen ha-1 as a 

subplot. Pishtaz cultivar was planted in experimental plots which included 7 

planting lines with a row spacing of 15 cm and a length of 8 m. The results of the 

analysis of variance showed that planting date and nitrogen fertilizer application 

and their interaction had a significant effect on all measured traits. The results 

showed that the yield and yield components were the highest on 1 October, and the 

values of most of these traits showed a significant decrease in planting on 12 

November compared to 10 October. The highest grain yield was obtained from a 

nitrogen application rate of 200 kg ha-1 on 1 October and 16 October, while the 

maximum yield was obtained with an application rate of 175 kg ha-1 on 2 

November. The growth and yield response of wheat to the rate of nitrogen 

application decreased with a delay in planting date, and the option of planting date 

must be considered in order to recommend efficient fertilizer usage.  

 
Cite this article: Saberali, S. F. (2023). Response of Winter Wheat Growth and Yield to Planting Date and Nitrogen 

Application Rate. Journal of Crops Improvement, 25 (2), 405-418. DOI: https://doi.org/10.22059/jci.2022.343273.2712 

 

 

© The Authors.                                                                   Publisher: University of Tehran Press. 

DOI: https://doi.org/10.22059/jci.2022.343273.2712 

 



  

  

 
گاه ���ان  ا��شارات دا�ش

  ی �شاورزی� زرا� 
Homepage: https://jci.ut.ac.ir/ 

�رو�ی�ی: � ۲۳۴۵-۶۹۵۷شا  ال

 

�� � ��� �	
��
��� ������� ����� � ��
� ���
� �� ��
����  �!" #�$% 

 

������� 	�
�� �
�   

  

 ������ �	
����
���� ����� �������� ��	
�� � ���� ���  ."#��# �$�%& "��#�' ���( )��* �+�� :-�����#& sf.saberali@tjamcaas.ac.ir 

  

����� ������  ��
��   

 :����� ����./�01 2+�3�  

  

  

��� ! �	 "�� :28/02/1401 

��� ! #�$�%��: 21/07/1401  

��� ! &' (�: 27/07/1401  

��� ! ��)*�� :03/04/1402  

  

  

�
�+�,�- :�
   

#<(#$ =�>����   

<�*�- �� &?"��   

	��&= =�@�A#$�   

BA& 1?���.�   

C'�D EF� G��.  

  

H�# -I+�F� �� J	/ B/�� ��&�� �K�@� "L���?� =�M "#<?� � )D�M N�&�* O
M  �	
  =�>��� � 	D& ��

-������ -�&<� O����� .	D ����# $�%& "��#�' "���# ��( )��* "�����D &=-� $#P�M P&�Q $�/

&= �	D=�' R+�A S�T -��1 U���$�/ V��M &= &#�>* -� �� �K=�@* "�����D  ��#&� ��� &= ��( )��*

1400-1399 $�/&��?* .	D #�(# �.����� -� V��D N�&�*  )D�M10  �������26 � ������ 12 "���  ���

P�M &=$�/  =�M EF� OD � ��Q#"L���?� -�) �[Q V��D  �(	/�D "#�
�100 �125 �150 �175  �

200  �� ��?M P�M &= C+�' "L���?� &��>/ &= ���K $�/=�� )[/ &= ���.?1 BA& �	
  �P�M �/ &= .

 ^�=& -�Q�K �� ).M _'15 ����� � ��� ��T -� 8 ��� .	D ).M -�<�* `���&#� "�.� =#=  �a# -M

=�M �)D�M N�&�* �K�@� "L���?� "� V��3�� �a# � �� �/ -�/ P�[Q ��#	�#$�?  �
I� -���3� .	D &#=

 )D�M N�&�* &= =�>��� $#<(# � =�>��� "#<?� -M =#= "�.� H?b��?�10 O?� ������  ��=�3� � =�� �*

 )D�M N�&�* &= P�[Q H�# R��#12 �"��  N�&�* -� )��� ���10 �
I� O/�M ������ &#	3� .	
�D#= &#=

 )D�M N�&�* &= -�#= =�>���10  �26  J�@� �� ������200  �cM#	d -� "L���?� =�M &��>/ &= �� ��?M

�+�d &= �	?�& =�'  )D�M N�&�* &= =�>��� -
?.?� -M12  J�@� &#	3� �� "���175  &��>/ &= �� ��?M

-� .	�� )�=-� �K�@� "L���?� =�M "#<?� -� �	
  =�>��� � 	D& N��1 �)D�M &= �?'e* �� ��M&�T

�� O/�M -� � 	���  .=�?  &#�A �f�	� 	��� <?� ��@g� )D�M "��� �	��&�M $=�M -?Q�* &�f
�  
  

:	�.*�� � �������Q	? K=�/� )1402 .(N��1 	D& � =�>��� �	
  -������ -� &�*�N )D�M � �?"#< �?"L��� K�@�� .-� $�&��.M ��#&� �25 )2 �(405-418. 

DOI: https://doi.org/ 10.22059/jci.2022.343273.2712   

  

:�/��                ."#��* ��b.�#= P#&�.��# -��h�© ."� 	
����  

59/jci.2022.343273.2712https://doi.org/10.220DOI:   
  

  

 

 

 

 

 

 



!��' �/� - 	���0� 1�.2 ���*3�% �� ��� ! "/�+ - �
4�5 �
4,-�* ��6�� ������� 	�
�� �
� /  407 

1���'� .  

) �	
 Triticum aestivum L.-� (B�� "#�
�  =�	d &= �"��( -�� H��*15  Pi�@g� ).M ��� EF� VM �# 	Q&=

) )�# �=#= j�@�'# =�' -� #& "��( &= $�&��.MFAO, 2020 ��#&� ��� &= .(98-1397 H�# ).M ��� EF� �

 "#��# &= ��@g�5864554  "#<?� � &��>/ "� 	?+�*13715258 ) =�� -�#= H*P&#�� =��( �$�&��.M 1399 -� -(�* �� .(

)���	� �d#�T �&�.M ��#k� )?
�# lg� &= �	
  )?�/# 	?+�* "�>�# -3F
� �/ �F?g� _�#�D �� R��
�� ��#&� $�/

=�@�A#�� B/#�K #& -3F
� �/ &= &#	��1 � $.=&��  �# �>� ��?  ��?�=&�� ��#k� �Q�
� �# �=�I�� � R��
� &#	3� H?�e*

-�
( B/ � m��F� )?[?M �� ��@g� �=�>��� �cM#	d -� ���?��= )�( ��#&� )���	� B�� $�/ VA#	d -� H?
n  "	���&

�� )��� _?g� �� �/=�M J�@� �o� P#�a#  .	D��H?� &=  "L���?� �J�@� �1 ��#k� �@
��1J�@�  ��#k� �@
� H��*

 � �)�#B�� �	

M=�	g� � 	?+�* �=��� H��* m��g� ����( ����  &= $�&��.M Pi�@g� 	?+�* &= ��#k� �@
� H��*

��) =�DBrady & Weil, 2008.( 

  

2*+�,� �!�-�� . 

"L���?� �@
� -
?�� $�/	?�# )'�� &=� H?�*��1 �/ � �/	?�#�M�� $�� =&#= ����# O3� p? $#<(# �# �����'�� 

 "�/�?  &= V?K���M�� m��g� <?�) =�DSun et al., 2016=�M �=�I�� J�@� .( R�� "L���?�  =���� B�<�� )?+�IK

&� �>�?�B/ �  H?
nO�#<K#  �G�� EF�G�� EF� �#�=  � V?K���M $#��g��� )���� &= � �	D G��  "#<?� 	�#�*

& � <�
���K "�/�?  	D	/= =���� #& )Saberali et al., 2015; Sun et al., 2016 �= -� ��?  �/ $=�M ��?� "#<?� .(

�� q���� ).M ���� _��* ��#k� �@
� "� -%�� "#<?� � �@
� p� $#�� ��?  $�%�3* "#<?� �
I� ��M V��� 	D��

)Brady & Weil, 2008Q�
� $#�� ��?  �/ $�%�3* "#<?� �K�T �# .( ��?  "� 	?+�* V?����1 -� �^��r� ��#k� �

 )���	� H�#���
� .)�# -3F
� �/ &= �F?g� V�#�� � ��?  �>?��L "#�* �# �I��* =�' 	?+�* V?����1 H�# -M �)�# -���#�

B/�� VQ�d �J�@� -
?�� &#	3� H?�r* � "L���?� J�@�  P#�??s* -M )�# �[��*# � U�' ���?  �	?t?1 B��?� O
M

��?+�����#&�1 -) )�# �=�<K# � 	?t?1 H�# �� <?� ��?�A# $�/Tremblay & Belec, 2006; Brady & Weil, 2008 .(

B/ ��?�A# V�#�� $= )f�� "#<?� �#�/ $��= ��.I.* "#<?� "�n B/ �M�' V�#�� � #�/ H��M	?�M#  U�' -��	?�# "�n

�?�� EF� &= "� $=�@�A# )���	� � SuQ# "�>�# -M "� $&�D � H??I* �F?g� V�#�� -��( �# <?� =&#	� =�(�  �	

M

) 	
��/ -3F
� �/ &= 	?+�* V?����1Van Ittersum & Rabbinge, 1997 .()D�M N�&�* )���	� -��( �# ��#&� $�/

H??I* -M )�# ��* ��?�A# _�#�D �	

M-� )�# "�/�?  � 	�� -'�n �T �	D  P&�Q H�	� ��?ae*�?ae* -fdu� V��A $#

�� "� $=�M ��?� )���� &= � "�/�?  	?+�* V?����1 � 	D& "#<?� �	D& �&�= ��T  �/=&#= )Van Ittersum & 

Rabbinge, 1997 � �b���) )�# �	D ��&�� =	I�� P�I+�F� &= �	
  =�>��� � 	D& V?����1 �� )D�M N�&�* �?ae* .(

 �"#&�>�/1396 �"#&�>�/ � $	�d# v1391 �?ae* =�(� H�# �� �(B/��  � 	D& �� "L���?� =�M &#	3� � )D�M N�&�* O
M

BM ��?  H�# =�>��� N�&�* -M 	D �=#= "�.� #<�M ��?  $�& �� �*�I+�F� &= .)�# -�K�  &#�A -(�*=&�� �*  ).M $�/

) 	D -�#= 	?+�* $#�� ��?�=&�� ��L���?� =�M &#	3� )���� &= � -�#= =�>��� O/�M l��� #<�M ��b
/��=Ozer, 2003 �� .(

B/�� �?ae* -M �./�01 =�(� H�# O
M .=��� =�(�� �	D�� �=�M ��&�� #& �	
  ��?  &= ��L���?� ��?� � )D�M N�&�*  

 "�����D)��*  �� ��(5/5  �EF� 	d#� &= �	
  -�#= 	?+�* "#<?� )�r� -�*& � �	
  ).M ��� EF� VM �# 	Q&=

 $�&��.M &= ���� ��b��( "���#$�%& "��#�'  &= =&#= &�?�'# �$�&��.M =��( P&#��)1399(M . -��� -3F
� "#�&��.

N�&�* �V�� &= ��	
  �# V�A ��@g� )D#=�� "��� � =�' )D�M m��
* -�$#�� #& ���
�� ).M $�/  =�' �	
  ).M



408                                         �� �����	
 ��
��� ���� ���� � ���� ����� � ����1402 

�� m�r��#-?Q�* -M )�# �+�d &= H�# .	����� �f�&= "�	� -3F
� $�&��.M "���
D&�M _��* $=�M $�/ O3� H�K

�� ����# $=�M ��?� )���� &= � 	?+�* V?����1 �� )D�M N�&�* N�&�* �?ae* =&�� &= �K�M O�#= "#	3K -��� &= #k+ .=�D

-
�</ O�#<K# l��� ��L���?� =�M 	d �# O?� J�@� �"L���?� =�M ��?� "#<?� �� )D�M 	��&= O/�M � 	?+�* $�/

D �F' �K�T �# � �	D "#�&��.M $=�@�A#� =�+� � U�' $&�)��� $�/ -� �F?g�m� �*#��?� � =�+� �0��  $�/

.)�# �=#= O�#<K# <?� #& -3F
� &= �
?�����  

 

3 ./�� *+�,� �	
!�  

H�# -I+�F� &=  ���1400-1399  -�&<� &=)��* "�����D ��.?1 "#�&��.M �# �>�  P�@�r� �� ��(K#�s(?��� 60  -(&=

 �33 A=?-3 K#�s( ��T?���  �35  � -(&=18 A=?-3 K#�s( w��?� x�[*&# �� ��900  Vg� -�&<� U�' .	D #�(# ���

 y�� �* -�&<� U�' ��?�>* P�@r.� .=�� ���?� x�� �# O�����30 �����  ��	( &= $���1  .)�# �	D -z#&#  

 
 <-�=1 .� 0��  y�� &= O����� Vg� -�&<� U�' ���?�?D � �>�<?K $�/0 -30 ����� $���  

�@ "���A 
�� �*��� " ��
 

)��	 �*� �� C.0 %(  
�* �
�� 

��E F��+ 

)���	(  

4,-�*
� 

)��
� 1�2��
+ �� 1�2(  

�G3�  

)��
� 1�2��
+ �� 1�2(  

H
��*'  

)��
� 1�2��
+ �� 1�2(  

���?� 5/0 01/8 93/0 17 7/6 123  

  

-� O����� H�# &�f
� ��&�� B/�� -� "�� �	
  =�>��� � 	D& N��1  )D�M N�&�* O
M "L���?� =�M J�@� "#<?� �

-� P�M S�T P&�Q  &= �	D=�' $�/ R+�A S�T -��1 U���$�/ V��M $�/&��?* .	D #�(# &#�>* -� &= �K=�@* �.����� 

V��D N�&�* &= )D�M -� EF� 10  �26 � ������ 12 "��� -� ��� "#�
� P�M  =�M � ��Q#"L���?� &=  �[Q S�F�

-�)  �(	/�D "#�
�100 �125 �150 �175  �200  �� ��?M -� C+�' "L���?� &��>/ &=  ���K P�M "#�
�=�� R?*�* H�	� .

 ��[Q "#<?�4/217 �7/271 �1/326 �4/380  �8/434  R+�� )D�M N�&�* ���� .	D J�@� �&�# =�M &��>/ &= �� ��?M

-
�#= � -3F
� &= �	
 -� -3F
� &= "#�&��.M -M ��L���?� "#<?� �# $# ���* &�T�� �=�[��# �	
  ).M &= � 	

M

-�  =�M J�@� "#<?� .)K�  &#�A �f�	� O/�01 H�# &= $=�M &��?* � )D�M N�&�* S�F� H??I* $#�� $&�?I� "#�
�

�	
  H?� &= "L���?� )��* -3F
� "#&�MB/ � $&�?�� 
�& � U�' $&�D �U�' $<?r�Q�d "#<?� -� -��� ��(  H?
n

V��A $&�?�� m� "#<?� ��= =�	d &= {�100  �*200 -
�#= &= "L���?� =�M &��?* S�F� #k+ .)�# &��>/ &= �� ��?M 

&= -3F
� &= "L���?� =�M ��#	�� J�@�-� <?� �/=�M �	� &��?* � �	D -�K�  �f�  -K�%# $&��?* S�F� -� 	/�D "#�
�

 .	D-� &= )D�M ���� -?�* &�f
� ��� &����D1399 ����# y?�� BrD  	D �1` �# -'��M ������ &= "� $�/ V?>.* 

�	D -� p�M  B/ �� =��� p��= �=�� )���� &= .	D =�' �=�[��# �# �-+�� )��� -� E?F�* U�' -�&<�  �/ .	D �#	A#

 �.����� P�M V��D ^�=& -�Q�K �� ).M _' )[/15 ����� � $��� ��T -� =�	d 8 ���  �/&#�>* H?� -�Q�K .=��2 

M H?� -�Q�K � ���P� <?� �b�	>� �# �/1  BM#�* �� ���.?1 �	
  BA& .	D -�K�  �f� &= ���350  &= ������� &= -*��

N�&�*  ��� &= �f�=&�� $�/1399 "#<?� ).M �# V�A �U�' "���� {��#�� .	D $&�?�� -�Q�Ku� -�&<� � ).M 90 

�� ��?M �[�K C+�' �# x�� �1�� P�[�K V|��* � 150 �� ��?M B?���1 �'C+ �# x�� =�M B?��
1 P�[+�� J�@� 	D.  &=

 �3��� � 	D -K�%# H?�� -� ).M �# V�A �&�# $&��* =�M �# �=�[��# �� ��L���?� =�M �# ��?� &#	3� <?� $=�M &��?* �/ =�M

 �&�#-A�� x��D �� "��<�/ <?�-*�� $�& -3F
� }�#& J�� y��F� � �/  J�@�	D. $&�?�� -� B/ � -�.1 $�( P&�Q  "�n

����  P�?��� V��D )D#= � P�K� ���
M$&��?�^�� � �/ <?� ��/ $�/  {��#��&= }�#& P�?��� �-3F
 	D ����#.   



!��' �/� - 	���0� 1�.2 ���*3�% �� ��� ! "/�+ - �
4�5 �
4,-�* ��6�� ������� 	�
�� �
� /  409 

-� &�f
� ��#	�# -*�� �G�� EF� $�?  ) ).M ^�=& p� �# �+�T ��� B?� p� &= -�K�  &#�A $�/50 ����� ���× 15 

����� &= (��� -�#= "	D�1 $#	��# -�d��  �/ )D#=��-���� � �	D -�Q�Ku� �/ -� ��b.����� V3�
� 	D � `|� G�� �# �/ 

-A�� #	( �	D "� EF� � G�� EF� ��b��= _��* �/ ) }
�WinArea_UT, Iran��#	�# ( -� .	D $�?  &�f
� H??I* 

=�>��� �<?� =�>��� $#<(# � -�#= -*�� $�/ =�(�� �#  ��T -� P�M �/ ���?� _' -�6  �=�I� �gF�) ���7/2 

 $����/& �# `1 � (�������1 -� _' �/ $����# � #	��# �# ���  H?� �# .	D )D#=�� 	D& V@K $����# &= -?D�d "#�
�

-*��)D#=�� $�/ )[/ ��	D ��Q# -��
� -� �K=�@* P&�Q �# �/ P�M m�r��# � $#<(# =�>��� �	
  V��D =#	I* -�#= &= 

-��
� � "�� "� $�& �� -�#=&#</ ��#	�# �/$�?  =�>��� .	�	D <?� -�#= `1 �# "	?��M �  "=�M#	( ��M �# -�#= � H���* 

-�#=�/ H??I* 	D. -��# `1 �$&��� -�<�* &�f
� "���� ����� �.����� $�F' "=�� �=#= -�<�* ��/  -�<�* � `���&#�

"�?�� & ��� �# �=�[��# ��  &#<K#SAS  -r��)3/9( H?b��?� .	D ����# �=#= �/ �� � "����
I� P��[* VA#	d ) &#=LSD(1 � 

&= EF� 5 -���3� 	Q&= .	�	D �/&#=��� <?� -� -�?�� ���  &#<K#Excel -r��) 2013( B�& .	�	D  

  

4 .��

� *+�,� 1
+  

4 .1 . 2�� 34	 56
� 

"� V��3�� P#�a# � "L���?� =�M � )D�M N�&�* �?ae* -M =#= "�.� `���&#� -�<�* }���� D "#<?� �� �/ G�� EF� C'�

�
I� -�#= "	D�1 $#	��# -�d�� &=  ��	() =�� &#=2 N�&�* &= G�� EF� "#<?� -M =#= "�.� <?� H?b��?� -���3� }���� .(

 ).M10 O?� ������ N�&�* &= � =�� &#	3� H��*  ).M $�/26  � ������12 "���  N�&�* -� )��� ���10 -� ������  R?*�*

7  �14 	() )D#= O/�M 	Q&= ��3� 0�� �# G�� EF� "#<?� .( "�.� -M )�# �/�?  ��#�( &= B�� $�/  �	
/=

�� "�/�?  &= <�
���K EF� � &�� )K��&= EF�  �� �	
  -��( �# ^��r� ��#&� "�/�?  &= G�� EF� O/�M .	D��

) =�� �	D 
&#<  <?� �* O?1 )D�M N�&�* &= �?'e* �"#&�>�/ � $	�d#1391v Ozer, 2003O/�M .(  � 	D& �&�= ��T

-� $�?1 ����* O
* � 	D& �&�= ��T &= i�� $�/��= -���* -� N��1 &= R?*�*  -��( �# �.�#� 	D& �T &= �*&#�d $�/

B�� ) )�# �	D "#�
� ��b
/��= )D�M N�&�* &= G�� EF� O/�M V�i= H��*Akter & Islam, 2017$�/��= .( 

=�	d 30 � 25 -(&= ����� -� =#�  R?*�* =& ��& � �RD ��$	�	D �[
� �?ae* 	�#�* �� 	D& G�� � V?>.* -�
1�/ &= 

�	
  -�D#= 	D�� )Akter & Islam, 2017.(  

  
 <-�=2  .}���� -�<�* H?b��?�) `���&#� (P�I��� P�[Q ��#	�# $�?  �	D �	
  &= N��1 � ).M N�&�* -� S�F� =�M "L���?� �K�@�  

K��.� ���

L� #	�%E �=�	 M@�/ N�� OP�  Q ,���
� 	���0�  K����*� �	 ��R.� 	��S�  ���	��5
 4%- ���	 	���0� 

&#�>* 2 164/0 ns 49/444955 ns 23/11781 ns 55/85 ns 59/607918 ns 

)D�M N�&�*  2 333/2 *** 11/7007063 *** 7/85678 *** 86/196 * 12/4042273 *** 

^+# $�F' 6 0460/0  09/243184  6/4883  6/35  74/268335  

� =�M J�@� &#	3"L���?� 5 513/5 *** 66/3883229 *** 2/158700 *** 86/106 ** 30/2462453 ** 

)D�M N�&�* V��3�� �a#×"L���?� =�M 10 4854/0 * 68/1883229 *** 9/10036 * 21/67  63/1036219 *** 

m $�F'  30 0218/0  79/251811  4/3783  9/27  31/206242  

R��% ) P#�??s*	Q&=(   5/11  8/20  1/9  7/6  6/17  

** �**** �  �ns :�
I� $&#= &= EF� ����d# 001/0 �01/0  �05/0 �
I� �	� � .$&#=  

  

                                                                                                                                                            
1. Least Significant Difference 
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B/ }���� -� -M =#= "�.� H?
n  O�#<K# l��� "� J�@� �	� -� )��� "L���?� =�M J�@� ��M &�T6/91  $	Q&=

-� .	D �	
  G�� EF� C'�D M J�@� EF� O�#<K# �� )D�M N�&�* -� �/ &= ��u� �# �K�@� "L���?� =�100  -�200 

 J�@� �� � �)D#= �.�#<K# 	��& G�� EF� C'�D �� ��?M200 N�&�* &= &��>/ &= "L���?� =�M �� ��?M  )D�M $�/10  �

26  J�@� �� � ������175  N�&�* &= &��>/ &= "L���?� =�M �� ��?M12 "���  ��	() 	?�& =�' -
?.?� -� ���3 .(

Mirzakhani et al. )2019 (
&#<   "L���?� S�F� O�#<K# �� �	
  G�� EF� C'�D &#	3� -M 	�=�M�K�@�  O�#<K#

�� P	� O�#<K# )���� &= � G�� $�?1 )��� O/�M �G�� EF� -I��* )��� O�#<K# .	��� "���  -��( �# G�� EF� �#�=

N��1�� -M 	
��/ ��L���?� =�M J�@� -� "�/�?  $�/�� 	�#�* =�>��� -�#=  	D�� �ah� <?� $	?+�*)Qadeer et al., 2019.(  
  

 <-�=3 .�K�@� "L���?� "#<?� � ).M N�&�* -� -������ �	
  -�#= =�>��� � =�>��� $#<(# �$	D& P�[Q N��1  

"/�+ ! ���  
���6� 4,-�*
� �����  

)��*�
 �	 1�2��
+(  

M@�/  

N�� OP�  

U+ Q)@ �	��  

)��*�
 �	 1�2��
+(  

 ��R.� 	��S�  

� �	K����*  

 ���	 	��S�  

��R.� �	 

���	��5
  4%-  

)1�2(  

���	 	���0�  

)��*�
 �	 1�2��
+(  

10 ��� 

  

�[Q 9/2 e 6789f 2/361 f 2/20 f 1/38 a 2570f 

100 25/5 d 13682e 2/523 e 5/27 e 2/37 b 5287e 

125  52/5 d 14562d 1/559 d 1/29 d 6/36 c 6148d 

150 86/5 c 15291c 0/577 c 9/30 c 3/36 c 6654c 

175 21/6 b 15897b 8/589 b 4/32 b 1/36 cd 6963b 

200 58/6 a 16620a 7/597 a 5/33 a 1/36 cd 7279a 

 H?b��?�  39/5 a 8/13806 a 7/534 a 93/28 a 73/36 a 8/5816 a 

26 ��� 

  

�[Q  7/2 e 6639e 1/354 f 3/18 f 0/38 a 2270e 

100 68/4 d 13516d 8/505 e 1/27 e 4/37 b 4987d 

125 01/5 c 14394c 2/539 d 6/28 d 9/36 c 5861c 

150 48/5 b 15046c 7/557 c 1/30 c 6/36 cd 6269b 

175 72/5 b 15753b 6/576 b 3/31 b 4/36 cd 6521ab 

200 11/6 a 16467a 0/591 a 4/32 a 2/36 de 6759a 

 H?b��?� 95/4 b 7/13635 a 7/520 b 97/27 a 92/36 a 5/5444 a 

12 "���  
  

�[Q  2/2 d 5795e 1/330 f 3/17 d 1/37 a 1890e 

100 28/4 c 12461d 2/492 e 7/25 c 5/36 b 4417d 

125 57/4 c 12978d 3/525 d 4/26 c 8/35 c 5279c 

150 98/4 b 13603c 9/551 c 6/27 b 3/35 cd 5674b 

175 47/5 a 14505b 6/564 b 9/28 a 9/34 de 5898ab 

200 65/5 a 15110a 1/576 a 6/29 a 6/34 e 6017a 

H?b��?� 35/4 c 7/12408 b 7/506 c 92/25 b 70/35 b 5/4862 b 

�
I� Ju�'# �U��.� J�d p� VA#	d $#&#= $�/ H?b��?� "��� �/ &= 	�&#	� B/ �� 	Q&= }
1 ����d# EF� &= $&#=. 

  

4 .2 .1��78� 9-6 :#
�  

"� V��3�� P#�a# � "L���?� =�M � )D�M N�&�* �?ae* -M =#= "�.� `���&#� -�<�* }���� �� "#<?� �� �/ VM p.' �=

�
I� ��	() =�� &#=2 &= $	?+�* p.' �=�� VM "#<?� -M =#= "�.� <?� H?b��?� -���3� }���� .(10 O?� ������  H��*

 ).M N�&�* &= $	?+�* p.' �=�� "#<?� � �=�� &#	3�26 �
I� Ju�'# ������ N�&�* �� $&#=10  &= � )D#	� ������

 )D�M N�&�*12 "��� &�* -� )��� ��� N�10  =�	d <?� ������10  ��	() =#= "�.� O/�M 	Q&=3 )D�M N�&�* .(

 -'�n ��T O/�M )���� &= � ����	D& )��� O�#<K# -�?�� &= � �*i�� $�/��= �� "�/�?  =&�'�� l��� ��b
/��=

) 	D 	/#�' "�/�?  � 	��Porter & Gawith, 1999; Akter & Islam, 2017-� .( $��= ��u� m��F� ��$# 

<�
���K  =�	d  &= �	
 25 ����� -(&= ) =#� 20-30 ����� -(&= )�# �	D 
&#<  (^��r� ��A# &= =#�  � )��� 
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<�
���K &= BM $��=  �# �*15 ����� -(&= O?� � =#�  �# �* 30 -(&= ����� =#�  -� )��� O/�M ��) 	���Wardlaw & 

Moncur 1995&= <�
���K P	� ��T O/�M -�?�� &= .( BM <�
���K )��� �K�T �# � 	D& �&�= O/�M -�?��  &= �*

��= )D�M N�&�* &= $	?+�* p.' �=�� "#<?� O/�M V�i= -��( �# i�� $�/��= �� -(#�� )D�M N�&�* -� )��� ��b
/

.)�# ��b
/=�� B/ }���� -� -M =#= "�.� H?
n -� )��� "L���?� =�M J�@� �)D�M N�&�* -� �/ &= _���� &�T  �	�

 O�#<K# l��� "� J�@�129 -� .	D �	
  &= $	?+�* p.' �=�� $	Q&=  �� )D�M N�&�* -� �/ &= -M H�# ��u�

 �# �K�@� "L���?� =�M J�@� EF� O�#<K#100  -�200  � )D#= �.�#<K# 	��& $	?+�* p.' �=�� &��>/ &= �� ��?M

 J�@� �� p.' �=�� 	?+�*200 �>/ &= "L���?� =�M �� ��?MN�&�* &= &� )D�M $�/10  �26  J�@� �� � ������175 

 N�&�* &= &��>/ &= "L���?� =�M �� ��?M12 "���  ��	() 	?�& =�' -
?.?� -� ���3 .(Mirzakhani et al. )2019 <?� (

-� 	�=�M 
&#<  "L���?� =�M J�@� �� #& U#&# &= �	
  p.' �=�� 	?+�* O�#<K# "� ��u� �
I� Ju�'# �/= &= $&#

 �# O?� J�@� �� p.' �=�� 	?+�*150  )f�� =���� � G�� EF� O�#<K# .	�=�>� �	/�.� &��>/ &= "L���?� �� ��?M

 "��	�#& =���� � ��K��&= &�� mk( EF� O�#<K# �� �ah� V�#�� -��( �# "L���?� =�M J�@� -� N��1 &= G�� V?K��M

) )�# "�/�?  G�� $<�
���KJafarikouhini et al., 2020	?�# )'�� &= "L���?� �����'�� O3� -� -(�* �� .( $�/

B�<�� ���* )?+�IK �-
?��	
�#�K &= V?'= $�/-� <�
���K ���?�?D�?� $�/ J�@� �?ae* )g* <?� �>�?�#& B�<�� �0��

) )�# "L���?�Makino et al., 1997.( O?� 	?+�* �H�#���
� J�@� -� N��1 &= ��	
  p.' �=�� �*  #& "L���?� =�M

��.=#= )��� �/==�M _�#�D &= �*i�� $<�
���K "��	�#& � <�
���K "#<?� O�#<K# -� "#�*  

  

4 .334	 �;�� �# �%<!	 #��=� .  

"� V��3�� P#�a# � "L���?� =�M � )D�M N�&�* -M =#= "�.� `���&#� -�<�* }���� �
I� �?ae* �/ V?>.* -��
� =#	I* �� &#=

� �/ &= �	D ��	() )D#= (&�&�� -�
1) ������2V?>.* -��
� =#	I* -M =#= "�.� }���� .(  N�&�* &= ������� &= �	D

 )D�M10 O?� ������ ) &#	3� H��*537 ).M N�&�* &= � �=�� (26  � ������12 "���  N�&�* -� )��� ���10  ������

-�  =�	d R?*�*6/2  �3/5  ��	() 	�=#= "�.� O/�M 	Q&=3�M .(V?>.* -��
� =#	I* O/  �?'e* �� EF� 	d#� &= �	D

 �"#&�>�/ � $	�d#) )�# �	D 
&#<  <?� -�Dk  P�I+�F� &= ).M1391�# .( �f� ��>?��L =#	I* -��
� H?+�# <( 

$=�>��� )�# -M �� V?>.*=�D � $#&#= )?�/# �0��-�#= =�>��� H??I* &= $# ) )�#Ferrante et al., 2020 =#	I* .(

��
�V?>.* - -�
1 $�3� � �[d �-�
1 	?+�* $#�� BA& �>?��L V?����1 -� -���#� -*�� &= �	DB/ � $	?+�* $�/  H?
n

-�
1 	?+�* )��� -�
1 	?+�* )��� .)��/�/ &= -*�� &= �����	� � �F?g� _�#�D �?ae* )g* ��T �&�= 	D& -�
1�/ 

-�d�� �# �
I� -� � �� �* -A���� &#�A $�&=�?  � "#<?� G�� �?�� <?� -�
1 -A�� -�d�� �# -M -�d�� �* $�&

�=�  �� $�& ���.K#�� �	/=) =�?  &#�A �����	� � �F?g� _�#�D �?ae* )g* 	�#�*Ferrante et al., 2020; Xie et 

al., 2016-�
1 	?+�* -�d�� &= .(�= O�#<K# � &�= <��A -� <��A &�� $i�� )��� �&�� P	D O�#<K# ��/ �=�	g� &= �10 

 �*20 ����� -(&= O?� -�
1 =#	I* )���� &= � -�
1 	?+�* )��� O�#<K# l��� =#�  ) 	D 	/#�' -*�� &= �*Xie et al., 

2016; Zhang et al., 2022-� -�
1 	?+�* )��� O/�M -� -(�* �� -��
� =#	I* O/�M #k+ .(  � &�� P	D O/�M V?+=

B/ � �"� )?[?M = ��= )K# H?
nN�&�* &��= ).M $�/-?(�* ���b
/-� .)�# ��k1 -�
1 ��u� -M ���/  V?>.* �*��=

�� -� �	��D BM G�� &��� )��� H?��1 $��= �� =&�'�� V?+= )���� &= � -�D#= $�* EF� G�� �K�M $#�� ����?�.1  �#

V?>.* =�>��� -�
1 H�# $�& �	D ) 	�&#	� �/Tilley et al., 2019.(   

B/ }���� -� -M =#= "�.� H?
n  "� J�@� �	� -� )��� "L���?� =�M J�@� �)D�M N�&�* -� �/ &= _���� &�T
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 O�#<K# l���59 -� .	D EF� 	d#� &= -��
� V?>.* $	Q&=  =�M J�@� EF� O�#<K# �� )D�M N�&�* -� �/ &= ��u�

 �# "L���?�100  -�200 H?�� EF� 	d#� &= -��
� V?>.* &��>/ &= �� ��?M N�&�* -�/ &= � �)D#= �.�#<K# 	��& $�/

 J�@� �� "� -
?.?� )D�M200  ��	() 	D VQ�d &��>/ &= "L���?� �� ��?M3 	d#� &= &�&�� -��
� =#	I* O�#<K# .(

# -� N��1 &= EF�O�#<K &#	3� "L���?�  -
�#= &=150  �*300 �� ��?M &= &��>/  yT�
� &= � �	
  ^��r� ��A&# &=

&#<  ^��r� �"#&�>�/ � ���#��D) )�# �	D 
1394 vZhang et al., 2020 $&��'�� O3� $�[�# �� "L���?� .(

-� H?�*��1 V?>.* &= �0�� �<?b�& � �/ B/ $<�
���K $�/ B/ � V?K���M "�n B�<�� )?+�IK &= $=�M&�M O3� H?
n $�/

-�
( -�/ �� "���>+# ��3��# ��?��� � $<�
���K  -��( �# �P�?d $�/ -I��* � V?>.* $#�� $<�
���K =#�� ��/#�K

-�
1) )�# �ah� &�&�� $�/Tilley et al., 2019; Brady & Weil, 2008.(  

  

4 .4�%<!	 �# ���# #��=�  .  

"� V��3�� P#�a# � "L���?� =�M � )D�M N�&�* �
I� �?ae* �/V?>.* -�#= =#	I* �� &#=  ��	() )D#= -��
� �/ &= �	D2 .(

�3� }���� )D�M N�&�* &= ������� &= �	D V?>.* -��
� =#	I* -M -M =#= "�.� H?b��?� -��10 O?� ������  &#	3� H��*

)93/28 ).M N�&�* &= � =�� (26  O/�M =�(��� ������3/3 �
I� Ju�'# $	Q&= N�&�* �� $&#=10  &= � )D#	� ������

 )D�M N�&�*12  N�&�* -� )��� "���10  =�	d <?� ������4/10 �
I� O/�M 	Q&= ��	() =#= "�.� &#=3 &= �?'e* �?ae* .(

V?>.* -�#= =#	I* �� )D�M N�&�* O?1 "�� ^��r� ��A&# -��
� &= �	D �"#&�>�/ � $	�d#) )�# �	D 
&#<  <?� �*1391.(  

*=#	I ��3+�� -�#= &= -��
� &= p� �# �
I� �I?�� ������ �=�	g� "��� x��D 
���� �=�  ��b
/ �* ������# -t��
�  ���.K#

�� H??I*V?>.* -�#= ����� =#	I* �-t��
� �/ &= �	D &�&�� -t�  =#	I* � -��
� &= =�(�� -t��
� =#	I* )���� &= � =�D  �	D

�� H??I* #& -��
� &=) 	
MGonzalez et al., 2005-���* �����	� � �F?g� _�#�D H�#���
� .(  �# �	
  ��?  _��* �	D

-A�� -�d��)K�� 
���� x��D -M $�&-t�  $&�&�� "��� �* )�# ������# B����� $�& �� �.�#� $�/ &= -�#= V?>.* �� ��/

) 	
��/ &#k �a# -��
�Slafer et al., 2001; Gonzalez et al., 20055 -t��
� =#	I* 	?+�* "#�* �f� �# �	
  ^��r� ��A&# .(

O?� ������ ��?� �� ��A&# � 	
��/ P��[�� -*�� &= O?� -t��
� 	?+�* V?����1 �* ) 	�&#= =�' -��
� &= $�*Slafer et al., 

2001�# �*i�� $��= .( 20 -(&= ����� =#�  H?� 
���� (-�� �= �b��(��) -��
� � �=�  �� ���.K#O�#<K# l� )��� ��� 

-��
� -t��
� 
���� P	� ��T O/�M �-M )�# �+�d&= H�# � �	D �/ =#	I* -t��
��/ -�#= )����&= �$�/ V?>.* &= �	D 

-��
� O/�M ��	��� )Slafer et al., 2001; Kaur & Behl 2010.( -� -t�  
���� &= �u�'# l��� �*&#�d O
* ��u� �/

B/ � �  	
�#�K H?
n�= -� ���.K# �� � =�� � �=�  -�#= ��?3� -F�#�) =�DVillegas et al., 2016; Kaur & Behl 

2010-� .( ��c� &�T�  �# �*i�� $��= -M )�# �	D 
&#< 30 -t�  ��� ��T &= -(&=-�#= V��M ��?3� l��� �/ &= �=�  $�/

) 	D 	/#�' �	
 Kaur & Behl 2010-� <?� ��& ��T O�#<K# .( += �	
  ��& ��T -� {��d ��A&# ��� )��� �� �?ae* V?

��B/ � -t��
� 	?+�* �&�= ��T O/�M � ��� )��� O�#<K# l��� 	�#�* -t�  H?
n &= �	D V?>.* -�#= =#	I* )����&= � �/

) =�D -��
�Villegas et al., 2016; Gonzalez et al., 2005(. ��& ��T � �*i�� $��= -���* �R?*�* H�	� O?�  &= �*

�=�  � -�� �= �b��(�� -�d�� H?� P	� ��T).M N�&�* &= �	
  ��?  _��* ���.K#��= $�/ )��� O�#<K# l��� ��b
/

V?>.* -�#= =#	I* O/�M ������ � ��?  ��� -� .	D 	/#�' -*�� &= �	D ��u� H�#  -M "��� &= �*&#�d O
* �� =&�'�� V?����1

�=�  Q�d ��?3�  � ���.K#N�&�* &= "� �# V ��= ).M $�/O?� �* �� �* .	D��  

B/ }���� -� -M =#= "�.� H?
n  l��� "� J�@� �	� -� )��� "L���?� =�M J�@� �)D�M N�&�* -� �/ &= _���� &�T

 O�#<K#58 -� .	D -��
� &= -�#= V?>.* $	Q&= "L���?� =�M J�@� EF� O�#<K# �� )D�M N�&�* -� �/ &= -M H�# ��u�  �#
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100  -�200 V?>.* -�#= =#	I* &��>/ &= �� ��?M V?>.* -�#= =#	I* � �)D#= �.�#<K# 	��& -��
� &= �	D  J�@� �� �	D200 

N�&�* &= &��>/ &= "L���?� =�M �� ��?M )D�M $�/10  �26  J�@� �� � ������175  N�&�* &= &��>/ &= "L���?� =�M �� ��?M

12 "���  =�' -
?.?� -� ��� ��	() 	?�&3{���= .( -� �K�M P#&	?/���M �* -�� �= �b��(�� �&�= ��T &= $	?+�* �/

�=�  ���.K# -t��
� $�3� � V?>.* $#��� �/ -t� � �=�� �*�?d �/ �>� �# V�#�� H??I* �	

M =#	I* -�#= ) )�#Gonzalez et 

al., 2005; Kaur & Behl 2010"��/ #k+ .( O?1 -M&�T&�D# <?� �* � <�
���K "#<?� �� �?ae* V?+	� "L���?� =���M �	D �

P#&	?/���M "#<?� O/�M )����&=-t��
� $�3� � 	D& �� {���= V��A $�/-t�  � �/.)�# �ah� �/  

  

4 .5���#���+ ��� .  

�
I� -�#=&#</ "�� �� "L���?� =�M � )D�M N�&�* �?ae* -M =#= "�.� `���&#� -�<�* }����d&= �=�� &#=�+� "� V��3�� �a# -M  �/

�
I� �?ae* )[Q H�# �� ��	() )D#	� $&#=2 )D�M N�&�* &= -�#=&#</ "�� -M =#= "�.� }���� .(10  �24 -� ������  R?*�*

73/36  �92/36 �
I� )D�M N�&�* �= H�# &= -�#=&#</ "�� H?� Ju�'# � =�� ��   ).M N�&�* &= �=�(� H�# �� .=��� &#=12 

"��� ���
I� O/�M "� V�A )D�M N�&�* �= -� )��� � &#=1/3  ��	() 	D �	/�.� -�#=&#</ "�� &= $	Q&=3O?1 .( <?� �*

 �"#&�>�/ � $	�d#) )�# �	D 
&#<  ��b
/��= ).M -� O
M#� &= �	
  &= -�#=&#</ "�� O/�M1391.(  )?+�IK O/�M

?  $<�
���K ��b��=-� �	
  �� B��?���K R��r* -F�#� �= B�<�� )?+�IK O/�M �O
M#� &= V?'= $�/  ����?�?D�?� $�/

���� $�?1 �$&�� `[
* O�#<K#G�� �* O
M#� -��( �# -�#= "	D�1 �&�= ��T O/�M � �/ �*&#�d O
* -� �	
  ��?  $�/

) )�#Mathur et al., 2011; Akter & Islam, 2017B�� -�#= "	D�1 �&�= ��T O/�M .( �� O/�M V��� H��* -�#= "

O
* �� =&�'�� &=-� �)�# �	D 
&#<  �*&#�d $�/ $&�T  O/�M -M4/2 -� ��&  $��= �# ��= O�#<K# -(&= �/ $#�#20  -�

25 ����� -(&= ) )�# �	D 
&#<  <?� �	
  -�#= "	D�1 �&�= ��T &= =#� Yin et al., 2009; Akter & Islam, 

2017 �&�= �&�= ��T &= i�� $�/��= -���* .( )D�M N�&�* &= "	D�112 "���  O/�M l��� ���� ��T � <�
���K "#<?�

 <�
���K P	��
I� O/�M R?*�* H�	� � �	D.)� �=&�� B/#�K #& �b�= N�&�* �= -� )��� -�#= "�� &#=  

B/ }���� -� -M =#= "�.� H?
n ��?� =�M J�@� _�#�D &= �	
  -�#=&#</ "�� �)D�M N�&�* -� �/ &= _���� &�T "L�

 "� J�@� �	� -� )���1/4 -� �/==�M $�/&��?* &= -�#=&#</ "�� O/�M H�# .=#= "�.� O/�M 	Q&=  =#	I* V?>.* V?+=

O?� -�#= -�#= -� j�@�'# p.' �=�� O/�M )���� &= � -��
� &= �*�� $�/ -�Dk  P�I+�F� &= <?� ����.� 	��& -M 	D��

 �"#&�>�/ � $	�d#) )�# �	D 
&#< 1391 vGonzalez et al., 2005-� .(  O�#<K# �� )D�M N�&�* -� �/ &= -M H�# ��u�

 �# "L���?� =�M J�@� EF�100  -�175 �
I� O/�M 	��& �����3* &��>/ &= �� ��?M ��	() )D#= -�#=# -�#=&#</ "�� &#=3 .(

# -� N��1 &= -�#=&#</ "�� O/�MO�#<K &#	3� "L���?� -� �	
  ^��r� ��A&# &=  -��
� &= �	D V?>.* -�#= =#	I* O�#<K# -F�#�

O?1���#��D) )�# �	D 
&#<  <?� �* � �"#&�>�/ 1394 vZhang et al., 2019.(  

  

4 .6 .���# #�$%��  

"� V��3�� �a# � "L���?� =�M �)D�M N�&�* �?ae* -M =#= "�.� `���&#� -�<�* }���� �
I� -�#= =�>��� �� �/ ��	() =�� &#=2 .(

���&= $	?+�* -�#= =�>��� "#<?� -M =#= "�.� <?� H?b��?� -���3� }�10 O?� ��� ) &#	3� H��*5867  .=�� (&��>/ &= �� ��?M

 ).M N�&�* &= -�#= =�>��� "#<?�26  � ������12 "��� -� ���  R?*�*3/6  �7/15  )D�M N�&�* -� )��� 	Q&=10  ������

BM �&�* &= ��
* O/�M H�# -M �=�� �* N12 �
I� "��� ��	() =�� &#=3 yT�
� � �	
  ^��r� ��A&# &= -�#= =�>��� O/�M .(

O?1 ��b
/��= ).M -� N��1 &= ^��r� �"#&�>�/ � $	�d#) )�# �	D 
&#<  <?� �*1391 vGonzalez et al., 2005 .(
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V?>.* -�#= =#	I* � EF� 	d#� &= -��
� =#	I* O/�M  )D�M N�&�* &= -��
� &= �	D ��	() �*��=3�� ( =�>��� O/�M 	�#�*

-� .	
M -?(�* #& �*��= )D�M N�&�* �# �D�� ��= �� -�#= "	D�1 �&�= =&�'�� ��u� ).M &= �*&#�d O
* =#	'& � �*i�� $�/

-� �$�?'e* �� �*&#�d O
* _�#�D &= -�#= "	D�1 �&�= ��T O/�M � $<�
���K B��?� ��#&�M O/�M ��u��( �# 	�#�* -�

) 	D�� -�#= =�>��� O/�M �b�= V�i=Yin et al., 2009; Akter & Islam, 2017 .(  

B/ }���� -� -M =#= "�.� H?
n  O�#<K# �"� J�@� �	� -� )��� "L���?� =�M J�@� )D�M N�&�* -� �/ &= _���� &�T

 _����169 �* &= $	?+�* -�#= =�>��� -
?.?� .	D l��� #& -�#= =�>��� &= $	Q&= )D�M N�&10  J�@� �� ������200 

 �# O?� J�@� $	I� )D�M N�&�* �= &= � 	D VQ�d &��>/ &= �� ��?M175  =�>��� O�#<K# l��� &��>/ &= "L���?� �� ��?M

�
I� ��	() 	.� $&#=3 J�@� -� N��1 &= ^��r� yT�
� &= �	
  ^��r� ��A&# =�>��� O�#<K# .(120  �*220  &= �� ��?M

<  &��>/ �"#&�>�/ � ���#��D) )�# �	D 
&#1394 vZhang et al., 2019O�#<K# .( C'�D EF�  -� N��1 &= G��

��L���?� =�M J�@� �� "#<?� O�#<K# �� 	�#�* O��* <�
���K � ��K��&=  	D�� $	?+�* -�#= =�>��� O�#<K# �� $�ah� V���

)Jafarikouhini et al., 2020-� .( � �� "L���?� O3� ��u�B�<�� )?+�IK =���� �V?K���M "#<? � <�
���K &= V?'= $�/

�� G�� $�?1 )��� O/�M) =�D -�#= =�>��� O�#<K# R(�� &�� J�@� "��	�#& =���� y��T �# 	�#�*Qadeer et al., 

2019=�M J�@� "#<?� -� �	
  =�>��� N��1 )D�M N�&�* -� �/ &= -M =#= "�.� <?� "�?�� & <?+��� }���� .(  "L���?�

-�  V>D) =�� ��= -(&= P&�Q1 ��'#=�1 -
�</ -� N��1 &= �	
  -�#= 
��K �# VQ�d $=�@�A# 	��&= N��1 =�(� H�# �� .(

�� $��?1 �F' 	��& p� �# )D�M N�&�* -� �/ &= �K�@� �&�# =�M 	��' $#�� V>D) =�M2 C+�' =�� -M =#= "�.� }���� .(

D��M �	
  
��K �# VQ�d 	��&=) �# �&�# =�M J�@� O�#<K# �# VQ�d (�&�# =�M 	��' $#�� ��'#=�1 -
�</ �# �	175 

 -� �� ��?M200  )D�M N�&�* &= �� ��?M10  �26  � ������12 -� "���  �# O?� R?*�*000/200/2 �000/700/1  �000/800 

V��A O/�M =�(� �� .)�# �=�� &��>/ &= "���* �%# �# VQ�d $=�@�A# =�� -(�*N�&�* &= "L���?� =�M J�@� -K ).M $�/

"��3� 	?+�* ���b
/��= -�  "#�&��.M R?��* R(�� =�M H�# ����I* )�?A -� -(�* �� "L���?� =�M J�@� -K�%# �# VQ�d -K�Q

O?� =�M J�@� $#�� �+�d&= .	D 	/#�' �* )��� P#&��' -M  -��( �# ��L���?� =�M -��& �� J�@� �# VQ�d �F?g�

"	D&�D m� -� "� �+���d# =�&� � $	?+�* �	
  &= P#��?� ���* �# �D�� ���u� Pu>.� � U�' -��[�e�� �
?����� $�/

��� &#�A -(�*=&��  .=�?   

  

  
 U�/1 ."#<?� -� �	
  -�#= =�>��� N��1 )D�M N�&�* �/ &= �K�@� "L���?�  

  



!��' �/� - 	���0� 1�.2 ���*3�% �� ��� ! "/�+ - �
4�5 �
4,-�* ��6�� ������� 	�
�� �
� /  415 

  
 U�/2 .d $=�@�A# 	��&= N��1=�M $#�� ��'#=�1 -
�</ "#<?� -� �	
   -�#= 
��K �# VQ� )D�M N�&�* �/ &= �K�@� "L���?�  

  

 

5�@��� . 
+#
A!-�� � 1��"  

 O/�M �K�T �# .	D 	/#�' �	
  =�>��� � 	D& O/�M l��� )D�M N�&�* &= �?'e* -M =#= "�.� O/�01 H�# }����

/�M l��� ��b
/��= )D�M N�&�* &= �	
  =�>��� �� -���3� &= -�#= $�cM#	d 	?+�* $#�� �	
  ��?  ��L���?� ��?� O

 )D�M N�&�* &= <?� -�#= =�>��� -
?.?� .	D ��b
/=�� )D�M N�&�*10  J�@� �� ������200  C+�' "L���?� �� ��?M

 �# O?� J�@� ��b
/��= )D�M N�&�* �= &= � 	D VQ�d &��>/ &=175 ��� &��>/ &= "L���?� �� ��?M O�#<K# l

�
I�  J�@� "#<?� -� �	
  =�>��� N��1 )D�M N�&�* -� �/ &= -M =#= "�.� <?� "�?�� & <?+��� }���� .	.� =�>��� &#=

-� "L���?� =�M �+�d&= �=�� ��= -(&= P&�Q  -
�</ -� N��1 &= �	
  -�#= 
��K �# VQ�d $=�@�A# 	��&= N��1 -M

&= �K�@� �&�# =�M 	��' $#�� ��'#=�1 �� $��?1 �F' 	��& p� �# )D�M N�&�* -� �/ O/�M =�(� �� .=�M64 

 J�@� �# VQ�d $=�@�A# =�� $	Q&=25  ��b
/��= )D�M N�&�* &= �	
  ��?� �� =#��� =�M �� ��?M12 "���  )��� ���

 )D�M N�&�* -�10 P&��' O/�M � =�M J�@� $�b+# SuQ# ������� )��� $�/ M J�@� �# �D�� �F?g��� =� -��&

-� O?� =�M J�@� $=�@�A# -?(�* V?+= -� �*  V��A V�� &= "#�&��.M &�?�'# &= -�K�  &#�A ����I* =�M H?��1 )�?A V?+=

$&��?� "��&= $#�� �=�� )�u� J�Q ��[b
/ �+��� -�i�� -M )�# �+�d &= H�# .)�?� #�(# J�@� �# �D�� $�/

� $#&#= ��	?��D� m� �� � ��#k� =#���� �*#��?� � =�+.=�D 

  

6���#��B � �$-� .  

 �./�01 )���I� P#&����# Vg� �# �	D#�(# �*�3?3g* S�T }���� �# ��r��� -+�3� H�#
���� ����� �+�� )��*  ��(

�� 	D��. 
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�?/ =&#	� =�(� "� 	
���� _��* �K�
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v��
�� �&�>��M v�&�@
� �$	�d# ) -�d#& ����� m�� � B?/#��# ���
�� vH?.K# ����F��1391 .(�?ae* N�&�* )D�M �� ��T 

�&�= $�/ p�L�+�
K ��A&# �	
  � -F�#& "� �� 	?+�* =�>��� .O/�01 -��� �/�?  	?+�* $�/ �7 )2 �(122-109.  

��b��� R
��v ^?� ��=#� 	?I�v ��#�?D �=#& H?�d�?�#v �$=���	+� 	?� �%�?�� � �=#0��[I( 	�d# )1396 .(��&�� P#�a# 

N�&�* )D�M �� C'�D $�/ 	D& � =�>��� � $#<(# =�>��� ��A&# �	
  �&��� &= &���.?� .O/�01 $�/ $=��&�M 
��#&�� 30 )2(� 1-18 .https://doi.org/10.22092/aj.2018.109088.1113  

���#��D ��=�Q ���# ��?g� �3��& �	?��+#	�� -���?1 -D��# �/$= )1394�a# .( O
* �>.' � =�M "L���?� �� =�>��� 

-�#= ��#&�M � ��#&� J�@� "L���?� �	
  )Triticum aestivum L. (BA& "#��?� &= _�#�D "���# {&�K .-��.� 
���� ��#&� "#��# .17 )4( �349-363.  

) $�&��.M =��( P&#��1399.( -���&��� $�&��.M� )���I� :"#��* &��� <M�� &��
K$ P��uT# � .P�T��*&#  
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