
����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 !�"
# � $%&)()�(/+�,	# -./0 

�� 

12	! 3	��4� ��567� 4�8 � ��567� 9	:6;� <7,	5� =,> �� 9	:6;� (�6:� 
	� 
	� 

�6���� ?
@ � �� �� A,�4! �� �B
C 

�D	E� B�" )�B��*�F��, <��G�� ��HI-

)�����	 
���� :�/�/��������� 
���:��/�/��(

J&��B

�4�
�B�K�# LFM ���%� �
N���@ <O �4P� � B
;	� ,Q#4

�,	# ���� �R�	
� 12	R! +R�; � 4S,� T	FM A��@ ��567�4�8 9	:6;� �� U��

4� 4VW� LFM B
& 3	��4� � ��	F6�� �4P� ����! .�	,��� YB� 	� <�)	Z� =,��,I�	O �[�� 	�
�� 9	:6;� (�6:� \.=,> \:^F�BR
C 

_`@ �� $M	a�=,�	�4,� �_� �� )P�2 <� 3	7a�(���4� �
)�2 <� $ b6�P�(B! �	";� .c��� d4� e)	_ �� ?,	��I 	R�
$R�	O 

��	G@��	��I �	 �@ �� � ��4P@ <� 	� 
�� f# .±0h�.±-\h ��� �3`O 4�:�@ L�@ �� 4�:�@ 46�A<� �4R� e�@4@
� ?
@4R�8 A,�4R! 

�	� �� ?
@-./. @	5�5b@ <��+� �� ����	�O �BP�;�� 
6�
M �	S�;�� �B,�4C �4i� �	%FM� .� 
�4� 12	R! A,�4! =,� �� j, 4	�


<��
� 	@ ��� ��B�@ U��4� 46� �� <��
� ��B�@ LFM �	%& �� ��	F6�� 	� 9	:6;����� <R;�� ��� � <R��
� �� <;�� ��B�@ U��=�
& k�	# 	�


<� T	FM =,� <67� � � ��567�B;B! <��	b� U�4RP� � ��4 � .k�	# l,	6; 	�
;� <� T	FM <67� � � ��567� �4� <O ��� �	�; 9	:6
A,�4! 

��4� =,� 	� <�	���m�@�;n 	�
4@>	� �4P� � $�7;	6# �� >	� <;�� ��� � �O <;�� ��B�@ U�	,� <��
� ��B�@ 	� 3���� 
B
67R� �����R24� .

6�o� k�	# <;����+� ��� � ��4� 46� �� <��
� ��B�@�12	! 4o�� �� 9	:6;� <� B
6!�� A,�4! �� 4� �� � 	�<��
� 	@ ��� k�	# �)� U����

12	! �� <��
� �� <;�� ��B�@ F
� 	����� .12	! =,� 3	��4� 9	:6;� =,�4�	
� >	R� <��
R� ��B�@ 	� 3���� �	_�� ?
,+C p�	� +�; 	� �

RR� >	RR� <RR;�� ��� � �RRO <RR;�� ��BRR�@�46�RR�� �4RRP� � $�7RR;	6# �� <RRO ��RR!
B
67RR� �����RR24� .RR��4� =RR,� ���12	RR! 	RR�


L� ��q�,4� <,	# � �+�� q,I�	O +�	��,� �4@>	� 9	:6;� 
B
6!�� .

�n�� 	�
���B
:12	! U�6���� ?
@ U��567� 4�8 � ��567� 9	:6;� <67� � ?
��� U�B
C U9	:6;� 
	� 

<�B5� 

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

 $12 3�4%5%�%	 �, 	�67(8 9' �0 :�;%�< ��4% =���� :����

 �0 >��?0 < ����� ! @��A$0 �;% ��;B� �?� <5�0 C9�D��5&%���

 %� "��#$ % < 	��, E��F� �12 9'G @0�D %� 5H4�'0 IJ�D

 	%	 K�L % &M 3�4%�� .���/  �	 �1�2 O� 9' �(+ IJ�D =�%

 50 �$��P ��) < 	�D:0 E��F� 5QR<% ��, 		��P ��?� ��$(, 

�%�S 5T�?0 U�8�'� ��;B�  �; < �$��P��;%�< �V��  5�R�� :����

 9�D�� �$D%	)�<�.(IJ��D ��(�4% "��#$ % :��+WXV��+ 

)��(Y��� ���� CWV0��7�< )�<��(5'�(#� C)��(Z9�D 	<9?0 C

�.:�L[ %	 < 	�$4% \���� �� ]��4U���H  ^_2% < �8%�- 9D�% 54�'D��`C:-�<�[` Z9a[ %	 C&�b12% 5$F'2 Z�c[ %	 

*: <�$ad% �e� CU�H��a0 X�fe0�a5:am.rezai@cc.iut.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! �"
# � $%&)()�(/,	#�+-./0 

�� 

)��(&%��a(+ < Y��� 5�<�'� C)�(IJ�D <"���7T0 Z	-��� �� 

ge�W��a�� )��(IJ�D =�% �7(. -% 50 �+ 9'D��.

:%�� < V7c�%)�h(��F(. g� �	 �F�<� i'� -% CjR��

 "��#$ % 3�4%�� :	�k$S% �-�% *�%V�% :%�� "�#$ % A$e�0 �Y

%��:��+ ��O-%< �� %	 < Z��` 	��a7(8 �1�2 <	 Y�+ =��'G 

IJ�D 9� 	�(  Z	�1$�4% ��b M 	��Hb� :%�� 5��+ .Z9+�[�0 ��b M

 	��Hb� :%��� "�#$ % -% ���;l0 �12 �+ :%�� "�#$ % �`9 	�`

 IJ��D -% Z	�1$�4% 5�d< C��4% IJ��D ]���) -% �12 &M

 9m g� =��F� < "�#$ %� �$4M n�8�� C�1�2 ��+ :%�� 	��Hb� 

0 :	�k$S% �-�%5	��D .Y���� ����� IJ��D ��Fd�T0 =��% �	

�� 9�D 5���F0 �H�4�?0 5P	��4 o��?d -% ���� IJ�D &%�'8 .

&%����a(+ < 5��4�90)p(���Fd�T0 �	 &	���� R���� U�q :<� :%

Y+ 5c$e� ��(4% IJ�D _�c ���� %� :	�k$S% �-�% �� XV�+

 J�D =��F� �	 U�12 :V��� �;%�< &	�` 	�%< ��(+%I< ��+

 9'$e %	 �b M \�%�s .=��% < ����% <��D)��(��Fd�T0 �	 :<� :%

 IJ�D -% CU�q ��(4% :�+ _ge�� CXV��+ _����� < ��a��

 Y��� _< 9 	�(  Z	�1$4% V0��7�<�h���� ! =��$b� -% 92�	 �+

IJ�D >4�$0 �/  -% %� 9 	�` =��F� �+ ."��#$ % �� �e��A0 �	

 �� IJ�D C	�a7(8 :%�� Y�A$e0 ge _����� IJ��D < ��a��

�� IJ�D =��$b� &%�'8 9 9�D 5���F0 ��+ .��F��5&%���6(+ <

)�h(IJ�D -% �+:��(4% _Oe� CXV�+ _IJ��D < �6��

 Y��� ���� _%�� V0��7�<:< 9� 	�, Z	�1$4% i �� � %	 @6D 	�Hb� 

t�(L0 �	Yb4 =��% �	 %� Z���P t��1��% < �� %	 u��8 < X�) 

IJ�D �+ %	 ��(+% ��9'$e.

&%��a(+ < %�9 �G)�(-% Z	�1$4% �� ��� 5�'�0- K%	�� ���� ! 

�	@e  :�+�:pFC�:�F<�:�F��  &-< &<9�� "��#$ % IJ��D 

)��(< v�F� 5�M��` C�D%	�� IJ�D �12 �4 -% Z	�1$4% �� %� 

�� 57` v�F� =���F� �	 �� %	 	�a7(8 g�!�d��� X90 :%V.% &%�'8

���� ! 	�a7(8 �� :�+ 9� 	�(  �H4�?0 R�� .IJ��D <	 �	 ��b M

9.���'0%	 -% 99 	�` &��� < 9 	�(  Z	�1$4% � ���0 < 5�`��G :�+

 =�% �	 �` IJ�D � �P U�12 5��b  �-�% ��;B� �?� "�#$ % �+

 IJ�D %� �b M < �e�  9 	�` 5��F0 5H4�'0 :�+ .&��d�� < w'�4

)��(��F(. g� �	 �F��F0 5He  5�M��` CK9'P E�7$#0 :��+�

 9 	�` 54��� %� "�#$ % .����� O� "�#$ % �Fd�T0 i��$  =�% ]H)

 �� g�!�d��� 	�a7(8 �12 3�4% �� :%��� �� %	 	��67(8 Z%��(+

 @e  �	 ���� &�+��P *'�VP�F	�� \4�'0 .w� ��)��(�M���, 5

He 5%�� %� "�#$ % :����P ��L�$  < 	�, =��F� �$eH(+ U�12 

�'H0 �� "�#$ % �`:�D�� IJ O� 3�4% �� "�#$ % �<� Z-%9 %

 9m� �$4M �M��, 5	�%	 .:<Y+=�'G �M���, =�% �` 	�, &��� 5��� 

	�k�$S% �-�% CIJ��D ��d	�F0 �	 	�.�0 U�12 	%9F�:C��b M 

�;%�<����:< �b M Y+5c$e� :�+ x���'� 5x��� ! <5U�1�2 =�� 

c$e�5	�%	 .

��� �Fd�T0 =�% $ % 5�M���` 5����-�% ���/'0 < Y�A$e�0 "��#

 *'�� >�%��D �	 K9�'P 	��a7(8 	�Hb� :%�� U�12 Y�A$e0��y

 IJ�D E��F� C*'���y < 5a[J "��#$ % :%��� E7$#0 :�+

Y+ ���, �e��A0 < �12 9'G &�0- ��M5=���$b� 5���F0 < ��b M 

���� ! IJ�D �� 
4�� �/  -% �+ =���$b� ��� ��b M �e���A0 < �+

���� ! ^�) C	�a7(8 �/  -% �+V��:9D.

���� �[�� 	�

���A�A?� �8�V0 �	 *+<z� =�%5$F'�2 Z�c[� %	 5��� &�b1�2% 

&�$e��� < K�P ���e� CO[J Y�7S% �+:9D K�L % O[J < K�P .

%�%	 ��8�V0 {�J:4� K��d ���� 5�+��| }�k#0 K��. C:

�/�5$ �4 �� K��P 4% < \F60 �$0�9��$~/�059D��.

���� ! �+:4��� 	��0 5@0�D �pR=��:�F@�2�m K9'P 

S_� -%5< YS� <	 ���0��=)Virmarin) (5a[�J �� 3�em (<

�%	�4:)@(?$0 (9� 	�� .=��R =��% X��4 �	 ��+ ��+:�p��<

�p�� ��M X��(F0 >�%�D �	 56[�J *'�� <59 9�D �[�, .

���-�%5���� ! �� �+ {�7� ^�) U���2�+:��	�k�� @��0�, 5

��p>�%���D -% O� ��+ �	 �%��6� �����M:������M < X<%9�$0 :

	<9�?0)��\������ :�����M -% ���p±~h <p±��h �7�05��$0

 3_, ��#H� �[� -% ��#H�A(9D K�L % .[���0-M 9��m%< �+5

@0��D���72�� �� �D�` E�	� �h$ �4 5X��) < �$0��� �$0 

�D�, Y,%���hh 	�� ���0 �$0 �	 ��� .X	��F0 ��D�, -% @�HS

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


12	! 3	��4� ��567� 4�8 � ��567� 9	:6;� <7,	5� 9	:6;� (�6:� 
	�... 

�p 

��h 	 K�P�7�, 9�D ����s% {��J ��� K�� �0M U�1e� ��$6+ �.


���� �	 �[,��&��M �p�� 9D K�L % .�L'� @m%�0 �	+	5<

�S�4+	5X	�F0 V�  ~���� Z�<% 	�, ��$6+ �	 K�P�7�, U���2

���P �%�S Z	�1$4% 	��0 {��4 .

IJ�D �+:�	 �7H'�4 	%9�F� �1�2 ��bG 3��4% �� "��#$ % 

4 �	 ��� %	 	%9�F� C�����0 ��$0 ���� -<� 	%9��F� < �� %	 &-< C����7H'

�7H'4 +	5��+ �-�% =$���P ��/  �	 �� C:x����'� 5�6�$ ! C5<

	�k$S%:���� �T�%� �� �.�� �� �b M ∑= iiPbI� �P%9. ��) ��

%��:%�D �$���)� *'� < X�(F0 >59 9�D �H�4�?0 .bi 5� -< 

�0 Z	%	 &M �-�% 3��4% ��� �12 �+ �� �, �4%5< 	��D Pi 

x���'� �-�%550 �12 &M 9D��)�p.(%��:��(4% IJ�D W

�%	��� XV�+b��T�%� -% GaPb 1−=9�D �H�4�?0 .��L'�% �	a

	�k$S% �-�%:He  50 �12 5%�� �, 9D�� :��%�� U�12 �(+ 

�����< 9��D ���$��P ���/  �	 P<G��� ���� ��������0 \�����+:

�%<�� �W�%<�, ���'� � ��x5�� ! <��x5�059'�D�� .IJ��D

 ��(4%W9�D �H�4�?0 V�  U�12 &	�� @A$e0 u�� �� XV�+ .

�-�% ���d�m =���% �	 ���+:b���T�%� -% ∑== − ahGaPb i
21

9 9D �H4�?0 .% �	��T�%� =�h�� �;%�< ��:0 �12 59�D�� .

d	 ���	<9?0 @���(�4% IJ�D �_�He�  o��?d -% XV��+

 �-�% &	%	�+:He  5	�k$S% :�(, U�12 �5Oe�� IJ��D 

_����6��)��( ���9��D �H��4�?0 V.% �	������� IJ���D =���.:

�-�% �+:	�k$S% :)a(6�$ ! Z	-�� -% C5"�7T0 )g(��%	��� �

x���'� � ���%< ��.50 Z	�1$4% �12 �+ 5< 	��D gGb 1−=

059D�� .

IJ�D &�G ��(4% W	��- �S	 �� XV�+ :%��� :	�<M��� 

��%<� � � ����%<�, < ��+ < Y���� 	�b'[��� ����'� C	�%	 -���  ��+

 &%��a(+)�(V0��7�< <)��(%�� C:��4�	�  	�<M��� -% "�'$.% 

6�$ ! ��/$ % 	��0 Z�b� :%��5	�k�$S% �-�% �, ���� IJ�D C:

0 �/  �	 %� U�125&M �	 < 	��Pa=b0 �$��P �/  �	 5C	��D

�T�%� ]H)∑ ∑== iiii PaPbI9D �H4�?0 .

��F0 IJ�D <	5&%��6(+ < %�9 �G >4�� Z9D )�(]�H) 

�T�%��+:%�� ��- :���� ! "�#$ % �+:0 3��4%�� ����� �< �� �

{��G 9'$��P �%�S �H4�?0 	��0 �+ .IJ��D <	 =�% �H4�?0 �	

 &-< C�7H'4 �	 � %	 	%9F� C���0 �$0 �	 �7H'4 	%9F� U�12 -% V� 

'4 �� -<� 	%9F� < � %	�7H+	59D Z	�1$4% .

)�(i i
i

i

X medS
SIQR
−

=∑1

)�(
2

13 )i()i(
i

QQ
SIQR

−
=

)p(i i
i

i

X medS
R
−

=∑2

)�(iii minmaxR −=

)i(Q1<)i(Q3�� �'0%	 \���� �+:,��G 5< K��4 < X<% imed 

0 � ��059D�� .

�-�% &	%	 �%�S �� �+:x���'� 5IJ��D �	 ��+ �%9�A0 C��+

 %�� IJ�D:� ! �+ �1�2 O�� 9�' �0 < 9�0M ��4	 �� ���

 VL� 	��0��%< ��< ����P�%�S � � Y�+ 5c$e�� 	��67(8 ��� &M 

9D �H4�?0 .%��:	���0 Z	-��� IJ��D �	 	��.�0 �1�2 �+ 

��/$ % )Gi∆(�'H0 �� "�#$ % 3�4% �� C:��T�%� ]H) IJ�D 

I

Ii
i kG

σ
σ

=∆9�	�P �H4�?0 .0�� =�% �	 X�k"��#$ % U9D 

*'�VP �� �, �4%�h�� ��%�� �+ ���� ! -% 92�	 ~��/��4% 

)�p(.���T�%� =���% �	
iIσ� �����%<�` �1��2 ���+ ���� IJ���D 

05�T�%� >4�� �, 9D��
iI i gijbσ = σ∑90M �4	 ��.=��% �	

 X�0��Iσ�4% IJ�D ���F0 j%�? % C%�� <:-% IJ�D �+ 

�T�%�PbbI ′=σ9�	�P �H4�?0 .gisσ5�a�$ ! � ����%<�` 

U�1��2i<j5��0 9��D�� .����/$ % 	����0 Z���b�)H∆(]��H)

�T�%�∑ ∆=∆ ii GaH%�� :9D �H4�?0 IJ�D �+ .���b  �	

���� ! �'H0 �� �+:�, �+ IJ��D -% K%9 \���0 	��67(8 < ��+

 < 9 9D�h���� ! =��$b� -% 92�	 IJ���D o���?d -% �+ ��+

���� ! =��$b� �� �'H0 �� �+:9 9D ��e��A0 	��67(8 .

"�#$ % �� Y�A$e0 *',%<)Response to Selection ( %���:

���T�%� -% �1��2 ���+gii khR σ2=9��D �H��4�?0 )�p(.
��4��

�$eH(+)Correlated Response (%��:-% �1�2 O�� "��#$ % 

�T�%� -% V�  �c�	 �12 ]��)ggijjii rhkhCR σ=��4	 ��� 

90M)�p<�(.Y+=�'G %�� �$eH(+ 
4�� :3��4% ��� 	��67(8 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! �"
# � $%&)()�(/,	#�+-./0 

�� 

IJ�D ]��) -% "�#$ % 9�D �H4�?0 �+ .�	=��% X��0�� ��+h

�;%�< ��. ����:C�12 
igσF0 j%�? % ��� ! ���x5�1�2 i

<rgijY+ 5c$e�$ ! �65U�12 i<j059D�� .�M���,5"��#$ % 

He 5�� �� ���H85��y 
4�� %��� "��#$ % Y�A$e�0:�	 	��67(8 

���y >�?0 �	 "��#$ % ]��) -% *'� >�?0 �H�4�?0 V��  *'��

9D .��T�%� -%
y

y
s R

CR
RSE =%��� :�M���, �H�4�?0 5"��#$ % 

IJ�D 3�4%�� 9D Z	�1$4% �+.

	6;,lpb� �

9	:6;� <� ?
O�� 

��	�A0 *'�V�P ��� 
4�� �$e�H(+ 
�4�� <��	��A0 3��4% ��� 

�;%�< � ���%< C:���� :�+ < 5x��� ! Y+5c$e�� :��+ 5�a�$ !

 "���#$ % < U�1��2�h=���R -% 9��2�	 ���+ )"���#$ % U9��D

~��/�=k(C�	X<9.�Z9�D Z	�<M 9� % .��� �7, ���)5
�4�� 

Y�A$e0 ]��) -% �b M �$eH(+ 
4�� �� �He  "��#$ % �� U�12

 	�� �$[�� ��c�	 U�12 )X<9.�.(5$���)� >�%�D <	 �+ �	

 ���0 �$0 �	 �7H'4 	%9F� ]��) -% 	�a7(8 :%�� �$eH(+ 
4�� <

	�� R�� < �H�0 � %	 &-< &-< < �7H'�4 	%9�F� *�%V��% �� 5'F� C

50 *�%V�% 	�a7(8 C� %	 9���.�% =�% *'�� &<9� >�%�D �	 *�%V

 	�� �$[�� ���e� 5$��)�.
4�� �e��A0 �� �+:-% 	�67(8 �$eH(+ 

%�� Y�A$e0 "�#$ % �� U�12 =�% ]��):Z9+�[0 C	�67(8 9�D

 �,]��) -% 	�a7(8 �$eH(+ 
4�� 	%9�F� < �7H'4 �	 � %	 	%9F� 

�7H'4 �� -<�+	5>�%�D �	 5d< C�H�0 5$��)� *'� >�%�D �	 

F0�()� X��1'0 5$���5	�� .'F�5�%�D �	 �5$���)� X��(F0 >

��'�VP�=���R *��+���8�� 3�����	 :����+�, n���7(8 �	 *�	�6

05	�D .�e��- *�%V�% n8�� Q�0<Vd 54���	 �` �4% �`q @��S

 5�(  Z	�� ��` 5����2 �	 V��  Z	��� �e��- *�%V��% < 		��P

 � %� 	�a7(8 *�%V�% C9D�� Y` �D%	�� IJ�D�9�+%�#  X��H 	

%	 �D)�.(

&%���6(+ < 3%�e��)~(-% �$e�H(+ "��#$ % K�P���4 �	

 %�� %� �D�J �	 � %	 	%9F� < Z��P �	 �D�J 	%9F� ]��):	�Hb� 

�;l0 	�67(89'$e %	 .&%���a(+ < @�  g0)�~(���y "��#$ %

 	��Hb� :%��� %� �7H'4 �	 � %	 	%9F� < � %	 &-< ]��) -% Y�A$e0

 9� 	�` 5��F0 K9'P 	�a7(8 .�	��Fd�T0 &%���a(+ < �9 �e�ad% 

)�("��#$ % < 	��a7(8 3��4% ��� Y�A$e0 "�#$ % K9'P :<�

 �%V+ &-< ]��) -% �$eH(+ %V�.% ��A� -% ���;l0 � %	:	���67(8 

	�� .�%V+ &-< &�G �` 9 	�` 	�b'[�� �b M  %	�QR�(F0 ���S	 �� 

Z-%9 % :�$[�� 50 :��P 3�4% �� "�#$ % C	�D&M50:%�� 9 %�� 

9D�� �;l0 	�a7(8 	�Hb� .

�P% %V�.% < 	��67(8 =��� �$e�H(+ 
�4�� �G:V���m &M 

d< C�4% ��(+%5*',%< �� �.�� �+:%V�.% =��� �$e�H(+ :

2�J ��(+% -% V�  	�67(85�4% �%	��J�� .<	 �+ �	 Q�H��A�

 4��� 	��0 >�%�D5�$eH(+ 
4�� ���0 �$0 �	 �7H'4 	%9F� -% 

H'4 �	 � %	 	%9F� ]��) �7H'4 ��-<� 	%9F� < �7+	51'0 5	��� 

)X<9.�.(0 &��[  t�s�0 =�%5=��% :%��� "�#$ % �, 9+	

 0 ���0 �$0 �	 �7H'4 	%9F� *+�, n8�� �12 <	5	�D.&%V�0 

�7H'�4 �	 �� %	 	%9�F� :%��� *'�� ���y >�%�D �	 *+�, =�%

 	�� ��9�9D.< �� %	 &-< ]���) -% �1�2 =��% �$eH(+ 
4�� 

�H�0 	�67(8	�P �9.�$0 �	 ��7H'4 	%9F� �12 Y�A$e0 
4��

 *'�� >�%��D ��� �He�  *'� ��y >�%�D �	 *'�VP �� ���0

	�� �$[��.

%�� Y�A$e0 "�#$ %:F��7H'�4 �	 � %	 	%9 *'�� >�%��D �	 

�$[�� 
4��:	%	 &�[�  *'�� ��y >�%�D �� �He  .�	<	 ��+ 

[��0-M >�%�D5�$e�H(+ 
4�� % �7H'�4 �	 �� %	 	%9�F� ]���) -

%�� "�#$ %:&-< � %	 1'0 ���0 �$0 �	 �7H'4 	%9F� <5	�� .=�%

 %�� 
4��:X��(F0 >�%��D �	 �� %	 	��67(8 ]���) -% "�#$ % 

$��)�51'0 5%�� <:9D �H�0 *'� >�%�D .�	 �c�	 U��H8 ��

=�R "�#$ % C*'� >�%�D *�%V��% ��� Z%��(+ X�k�?0�� :��+

 �4% �7H'4 �	 � %	 	%9F� .+ �	 < *+��, =��$[��� >�%�D <	 �

1'0 
4��5�	 < 	��� � %	 &-< �� ����0 �7H'4 �	 � %	 	%9F� �	 

9D 9+�[0 :�$[�� *+�, *'� >�%�D .Y+=��'G �1'0 
�4�� 5

%�� "�#$ %:��$0 �	 �7H'�4 	%9�F� ]��) -% �7H'4 �	 � %	 	%9F� 

	�P �$[�� *'� >�%�D �� �He  *'� ��y >�%�D �	 ���0�9.�	

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


12	! 3	��4� ��567� 4�8 � ��567� 9	:6;� <7,	5� 9	:6;� (�6:� 
	�... 

�� 

�Bi �-.LFM ���%� 
�4� 9	:6;� <� <67� � k�	# 4,�	5� <7,	5� Y
�4� 9	:6;� r,4� �� 

LFMX�4! �� ,6���� ?
@ � �� �� A�

%�D�X�(F0 >%�D�*'� >

�12 Y �12 X 
�$eH(+ 
4�� Y+5c$e�5a�$ ! �$eH(+ 
4�� 

Y+ 5c$e� 

5a�$ ! 

	�67(8 �/p��/�p

����0 �$0 �	 �7H'4 	%9F ��/����/h��/�p�/h

�7H'4 �	 � %	 	%9F� ~�/pW�h/hWh�/p�h/h

�%V+ &-< � %	 ��/�h�~/h��/�p�/h

	�67(8)���0 �$0 �	 K�P (

+	 �7H'4 �� -<�5h�/�hW��/hWh~/��h/h

�$0 �	 �7H'4 	%9F����0 �/��� �/�~

�7H'4 �	 � %	 	%9F� ��/�~Wpp/hWp~/�W�h/hW

�%V+ &-< � %	 �h/��p�/h��/~�h/h

+	 �7H'4 �� -<�5��/��W��/hW�~/�~Wpp/hW

���0 �$0 �	 �7H'4 	%9F� 

	�67(8 p�/����/h��/��p�/h

�7H'4 �	 � %	 	%9F� �/ph/�

���0 �$0 �	 �7H'4 	%9F� ��/�Wpp/hW��/hW�h/hW

�%V+ &-< � %	 �~/�W��/hW�p/pW��/hW

+	 �7H'4 �� -<�5h�/���/h�~/��p/h

	%9F� �7H'4 �	 � %	 

	�67(8 ��/hW�h/hWp�/h�h/h

�%V+ &-<  %	 ��/��/�

���0 �$0 �	 �7H'4 	%9F� hp/�p�/hp�/h�h/h

�7H'4 �	 � %	 	%9F� ��/�W��/hW~h/�W��/hW

+	 �7H'4 �� -<�5��/�W�h/hW��/hW��/hW

�%V+ &-< � %	 )K�P(

	�67(8 �~/��~/h��/hp�/h

+	 �7H'4 �� -<�5�/��/�

���0 �$0 �	 �7H'4 	%9F� ��/hW��/hW~p/hWpp/hW

�7H'4 �	 � %	 	%9F� ��/h��/h��/h�p/h

�%V+ &-< � %	 ��/hW�h/hWp�/hW��/hW

+	 �7H'4 �� -<�5

	�67(8 ��/hW��/hW�p/h�h/h

�+ %��� "��#$ % 
4�� *'���y < *'� >�%�D <	 :�� %	 	%9�F� 

�7H'4 �� -<� 	%9F� ]���) -% ��7H'4 �	+	5	��� ��H�0 .
�4��

 ]��) -% � %	 &-< �$eH(+ %�� "�#$ %:U�12 � %	 	%9�F���	 �

7H'4��<7H'4 �� -<� 	%9F� ��5+	 1'0 V�  5R�� <	�� .=�%����'�

 0 �/  ��5*'�VP �� �` 94� ����� ! �� %	 &-< C3����	 :��+

 50 *�%V�% �7H'4 	%9F� 5d< *+�` 9��� .�	 V��  � %	 &-< �12

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! �"
# � $%&)()�(/,	#�+-./0 

�� 

�$[�� Y�A$e0 
4�� *'� >�%�D:	%	 &�[  "�#$ % �� .=�%����'�

�� 0 �/ 5�1�2 <	 :%��� Y�A$e0 "�#$ % *'� >�%�D �	 94�

 %	 	%9F� �� � %	 &-< < �7H'4 �	 � ��b'�5�$[�� ��;B� :��� �He  

	�%	 �c�96� ]��) -% �12 <	 =�% :%�� Y�A$e0��y "�#$ %.

�	 ���y < *'�� >�%�D <	 �+ *'�� ��� -<� 	%9�F� �1�2

�7H'4 �$eH(+ 
4�� 5+	1'05�R�� Q�$He  <512 ]��) -% %��U

� %	�%V+ &-< ���0 �$0 �	 �7H'4 	%9F� <�D%	.*'� >�%�D �	 

-<� 	%9F� *+�, 7H'4 ����5+	 % ]���) -% 	%9�F� :%��� "��#$ 

 	�� �$[�� ���0 �$0 �	 �7H'4 ."�#$ % 5$��)� X�(F0 >�%�D �	

 3�4%�� � %	 &-< �$[�� *+�, n8�� �$[�� :�	��� -<� 	%9�F�

�7H'45+	 9D .]��) -% 
�4�� =�% �7H'�4 �	 �� %	 	%9F� �12 

	�� �H�0.�1�2 Y�A$e0 
4�� �7H'�4 ��� -<� 5�+	 >�%��D �	 

	�� �$[�� 5(` *'�.���� ! "�#$ % �	 =�%����'� �+:C3�	<- 

����0 ��$0 �	 �7H'�4 	%9F� �� �12 =�% �$eH(+ 
4�� �� �.��

	�%	 ��(+%)X<9.�.(

�� 7, ��)5t�  < �Fd�T0 =�% i��$  ]H) ��T�%� ��+ 5�0 &%���

 T�%�D :%��54��� =�% >�%�D �� ���[0 5����� ! "�#$ % :��+

 Y, �7H'4 �	 � %	 	%9F� �� 3�	<- < ����0 ��$0 �	 �7H'4 	%9F� C

	�(  	�b'[�� %� R�� � %	 &-< .=�$4M)�(	%9�F� ��P% 	�%	 	�A$8%

 &%��H. :%��� Z%� �b'� C9'` %9�� *+�` 5$��)� *'� >4�� � %	

�4% � %	 &-< *�%V�% &M 

&%���6(+ < 9�l0 9'0�� )�(�4��� �	5��� �;l�0 U�1�2 

6[J *'� >�%�D �	 K9'P 	�67(85	�, &���� =��� -% ��, 9� 

%V.%:	�67(8 C%9$�% ��4% K-R < ����0 ��$0 �	 �7H'�4 	%9�F�

 D�  	�67(8 	�H(, �� 	%	 *�%V�% %� �7H'4 �	 � %	 	%9F� �x45

-% *+�, &-< �%V+ ��� � %	 6[�J *'�� -<��� @��d	5Z�<	 �	 

� %	 9'�:	�D &%�H. .��y >�%�D �	 %9$�% V�  *'�%V�%�*	%9F�

 < �7H'4 �	 � %	 �x4 %V�%�*����0 �$0 �	 �7H'4 	%9F�)��;% ���

1'05�7H'�4 �	 �� %	 	%9F� �� (<%V��% ��JM ��7m�0 �	�*&-<

 %�� � %	�%V+:	�67(8 	�Hb� 	�b'[�� �D9.:%��� =��AA?0 =��%

 ��y >�%�D *'� *'�V�P ��� 9� 	�, 	�b'[��� %� 3����	 K��S�%

 �$[�� � %	 	�67(8:9��M ��4	 ��� .���0 ��J�� U�5��$  -% �i

�  9'0�� �&%���6(+ < 9)�(��$  ����% i��d	 ��� *+<z�� =��@

< U<�1$0 K�S�% -% Z	�1$4%Y+=��'G %��D ��0-M >��[5*'�� <

$��)�5�4% E7$#0 .

	�67(8 �$eH(+ 
4���	>�%��D ��]���) -% *' "��#$ % 

%��:�	 	�a7(8 ��y >�?0 �68 �� < *'� �4��� 	���0 V�� 5

���P �%�S .	�67(8�+:�	 � %	 >�?0 ��+:���y < *'�� *'��

Y+ 5c$e� V�G�  :)�p/hW(9'$D%	 .Y�A$e0 
4�� �	 *'�VP ��

 \����� ��� *'� < *'� ��y >�%�D�/��<�/pp	��� .5�%���`

 < *'�VP %�� �$eH(+ 
4��:>�%��D �	 	��a7(8 ���y -% *'��

]��) %�� "�#$ % :	�a7(8 >�%�D �	 *'� )\���� ���p�/hW

<�/�W(-% ��9�9D�M��,5�d�m :%�� �$eH(+ 
4�� < *'�VP

 ���a8)\������ �������/hW<�/�W(	����.=���% �	 =�%�����'� 

�4���5�+	-�� 5(,5"�#$ % -% �	 	��67(8 3�4% �� >�%��D 

��y %��� *'� :>�?0 ��� < 9�0M ��4	 �� *'� �0 ��/ 59�4� 

%�� "�#$ %:>�%�D �	 	�67(8 &<9� *'�� *'�V�P ��� ��L'0 

���� ! �� :�+ 5(  *'� >�%�D �	 X�k?0 =��% �a8 < 	�D

 �4% v	�2 V�  t�s�0 .5�	�k�� t��S< ��� ��.�� �� i��$  =�%

 X��4 -% 5�J�� �	 5$��)� *'� 5�0 ��+ �<� q��#�% �	 9� %��

 9�D�� 9��10 	�a7(8 :%�� "�#$ % \4�'0 .��Fd�T0 �	 =��	<% <

&%��6(+)��(<�:9�D I#[�0 V��  K9�'P ��, Y�+ 5c$e�� 

?0 <	 �	 	�67(8 ��y < *'� >� 'F0 *'�5�%	 �e�  +	-�� <5

��y >�%�D ]��) -% "�#$ % %�� *'�:*'� >�?0 �4% V�G� .

12	! 	�
9	:6;� 

\�%�s )bi (  :%�� -% O� �+U�12 �7H'4�	 � %	 	%9F� C	%9F� 

�7H'4 �� -<�+	5C&-< < ����0 ��$0 �	 �7H'4 	%9F� %��� �� %	:

IJ�D �+:��(4% _Oe�� < XV��+ _�	 ���6�� X<9��.�

M�4% Z90 .:�. ���%�P:�-�% �+:x���'� 5�+K%9, =�R -% �+

�	�d	�F0 IJ�D �+C%�� IJ�D �%9A0 :�+����� ! �H�4�?0

9��D )X<9��.���+:p<�.(���x��� ! � �����%< 5IJ���D ���+C

��;%�< �����:��b M CY�+ 5c$e�� ��6�$ ! 5IJ��D =��� < ���+

	�67(8C�=�R "�#$ % -% �� 	�67(8 �$eH(+ 
4� 3�4% �� �+ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


12	! 3	��4� ��567� 4�8 � ��567� 9	:6;� <7,	5� 9	:6;� (�6:� 
	�... 

�~ 

��Bi\.e,�4E )bi(�� j, 4� T	FM<��
� 	@ ��� ��B�@ U<��
��� <;�� ��B�@ Us�� 

� ��4� 46� �� <��
� ��B�@ ��+� ��� <;��12	! ��9	:6;� (�6:� t	� 

��(4% "�#$ % IJ�D WXV�+ 

5$��)� >�%�D �7H'4 �	 � %	 	%9F� 	%9F��7H'4 �� -<� 5+	 ���0 �$0 �	 �7H'4 	%9F� �%V+ &-< � %	 

X�(F0 ��/h��/hW�p/h��/hW

*'� ��/hh�/���/h��/h

��(4% "�#$ % IJ�D WU�12 &	�� @A$e0 u�� �� XV�+ 

X�(F0 ~�/h~�/h�p/h�p/h

*'� �p/h�~/h��/h��/h

ge� "�#$ % IJ�DW�a�� 

X�(F0 ��/h~~/�h�/h~�/�

*'� ��/h��/hh�/h��/�

IJ�D �M��, < �+5%�� "�#$ % :V�  IJ�D �+ �	9�. X<%p

<�Z9D Z	�<M 9 % .=��% ��� Z<_8 	%9�F� ph=���$b� -% 9�2�	 

���� ! / -% �+�#$ % ��67(8 3�4% �� "��	�<D�IJ��+�	

X<9.�+:M Z9D �,q �4% Z90.

IJ�D �	 E�7$#0 5$���)� >�%�D < �+ \�%��s U�1�2 C

9'$D%	 5�<�1$0)X<9�.�.(>�%��D <	 ��+ �	 5�7` ���) ���

 IJ��D �	 U�1�2 ��(+ \�%��s 	��0 <	 V. �� 5$��)� ��+

 	��� �H�0 .�7H'�4 ��� -<� 	%9�F� \�%��s �	 �� %	 &-< < 5�+	

 ��(4% IJ�D _5�1'0 X��(F0 5$���)� >�%��D :%��� XV��+

9 	�� .1'0 �0_85,�m 5�2 =��% Z9�'+�, ��;% -% U�1 =��% �	

 0 IJ�D5�� C9D�� ��):F� *�%V�% �� �,��7H'4 �� -<� 	%9+	5

� %	 &-< <��(4% IJ�D �%9A0W0 *+�, XV�+ 59��� .��=�%

 #$ % \�����IJ��D =�% 3�4% �� "�*'�� &<9�� >��?0 �	

 ����� ! *'�VP �� �L'0 ��+:3�	<- Y�` �� %	 &-< ��� 5�d<

05	�D.'�4 ��� -<� 	%9�F� *'�� >�%��D �	 �7H =���R��� 5�+	

��(4% IJ�D �	 %� \��sW�D%	 XV�+ .

IJ�D �	 ���0 �$0 �	 �7H'4 	%9F� ��(�4% :��+ _XV��+

 ge�� IJ��D ��� �He  %� :�$[�� &-<W�	 C��D%	 ��a�� 

	��� :��R�� \�%�s :%�%	 ��J% IJ�D �	 � %	 &-< �` 5d�m .

ge� IJ�DW��� %� :�$[��� &-< *'�� &<9�� >�?0 �	 �a��

 	%9F� �7H'4 �� -<� _0��` ��` 	%	 }�k�$J% �� %	 &-< < 5�+	

 ��(4% IJ�D :%�� @2�m i��$  �a8��–��4% XV��+ .���

 *'�V�P ��� ��L'0 IJ��D =��% 3�4%�� "�#$ % �c�	 U��H8

=�R 50 R�� � %	 &-< �� 3���	 :�+ 	�D .����� ! �-�% -% ��+

 IJ�D �/  ��(�4% :��+WX��(F0 >�%��D �	 ����� < XV��+ 

5$��)� Y+5c$e� �D%	 	�a7(8 �� 5�R�� .IJ��D :��+�S<

�S*'� >�%�D �	Y+5c$e��R�� 9'$D%	 	�a7(8 �� 5.

�	 5$��)� X�(F0 >�%�D IJ�D :�+ ��(�4% "��#$ % W

XV�+ Y��� ���� <WV0��7�< �$eH(+ 
4�� =��$[�� 	��a7(8 ��� <

Y�A$e�0 "��#$ % �� �e��A0 �	 Y�A$e0��y "�#$ % 5�M��` %��� :

	�a7(8 %�9'$D%	)X<9�.p(.J��D ����� I5�a�$ ! t��'� -%

 IJ�D ���4 �� �He  :��R�� 	��� �%	���J�� �+.IJ��D �S

� ���%< 5�a�$ ! C"��#$ % 5�M���` < "��#$ % �� �$eH(+ 
4��

 Y�A$e��0��y�����$[:IJ���D ���� �He�� �S���D%	 .=�������

���� ! IJ�D �/  -% �+ :�+ �SC�S<Oe�W�6�� )=�R �+:

�<��(a7(8 �/  -%��� 	� ��H�� �	 \�����+:K���bG < K�4

 9'$D%	 �%�S)X<9.p(.�	 t��(L0 �	%�D�$���)� X�(F0 >5

=�R �+:Z���(D ������/  -% <	 ��+ ��� K���(� < 	���67(8 

IJ�D �+�7(. -% ����� ! ��+:9� 	�� ������ .IJ��D ��+:

"�#$ %=�R �+:Z��(D ��<�� %� ����F0 ����� V�59� 	�, C

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! �"
# � $%&)()�(/,	#�+-./0 

�� 

��Bi..4,�	5� U<;�� �4P� �12	! 9	:6;� t	��� <67��� t	�46���	# ��6���� �� �� A,�4! 

IJ�D�S��(4% IJ�D WXV�+ ���� ! �H���+

IJ�D�S
���� IJ�D

 Y��� _V0��7�< 

IJ�D 

Oe� _�6�� 
U�12

@A$e0 
�$e�%< U�12 

	�67(8 

)kg/ha(

)�(h�/�)�(�p/�)�(�/��� )��(p/��� )�(�/�~� )�(�/�p� )�(�h~h �

)��(~�/h)��(h�/�)�(h/��� )p(~/��� )�(�/��� )�(�/��~ )p(���p �

)p(��/h)p(�h/p)��(�/��p )�(�/��� )��(~/�p� )��(�/��� )�(���� p

)��(�h/h)�(p~/p)��(�/��� )�(�/��� )��(�/~p� )��(~/p�� )��(���� �

)��(��/h)��(�h/�)��(�/��h )��(�/��� )��(�/~h� )��(�/p�� )�h(���h �

)�(��/h)��(�~/�)��(h/��� )�p(h/��h )��(�/~h� )��(�/p�� )�(���� �

)�(�p/h)�(�~/�)p(�/~�� )�(~/�h� )��(�/�~� )��(h/pp� )�~(��h� ~

)�(�h/h)��(hh/�)��(�/~�~ )�(�/�h� )p(~/�~~ )p(�/pp� )�(�~�� �

)�p(��/h)�p(��/h)�(�/~~� )�p(p/�h� )�(p/��� )�(~/p�� )�(�~h~ �

)��(��/h)�(�h/h)�(�/~�p )�(~/�h~ )�(�/��� )�(�/p�� )��(���h �h

)�p(h�/h)�p(p�/h)�h(�/~�� )��(�/�h~ )�h(~/��h )�h(�/p�� )��(���� ��

)��(h�/hW)�(��/h)�~(�/~�� )��(�/�h� )�~(�/��p )�~(�/ph� )��(��hh ��

)�h(h�/hW)�h(��/hW)�(h/~�� )�h(p/�h� )�(~/�p� )�(�/��~ )�h(�p�� �p

)�~(hp/hW)��(�~/hW)��(p/~�p )��(p/�h� )��(p/�p� )��(�/��� )��(�p~~ ��

)��(h�/hW)�~(p�/hW)~(�/~�� )��(�/�h� )~(�/��� )~(p/��� )�(���� ��

)�(h�/hW)��(~p/hW)�p(�/~h� )�~(�/�h� )�p(�/�hp )�p(�/��� )�p(���� ��

)�(h�/hW)��(��/hW)�h(�/��� )��(�/�h� )�h(�/��~ )�h(�/��� )��(���� �~

)��(��/hW)�(��/hW)�(�/��� )�(~/�h� )�(�/��p )�(�/��p )~(�h�� ��

)�(��/hW)�(h�/�W)��(�/�~� )�(�/�h� )��(�/�~h )��(�/�p� )�(p��� ��

)~(��/hW)��(�~/�W)��(�/�~h )��(�/�h� )��(�/��� )��(�/��~ )�p(p��� �h

)��(�p/hW)��(��/�W)�p(�/��~ )~(~/�h� )�p(�/��� )�p(�/��h )��(p~~� ��

)��(�p/hW)~(�~/�W)��(h/��� )��(�/�h� )��(�/��h )��(�/�h� )��(p~h� ��

)�h(~�/hW)�h(h�/�W)�(p/�h� )�h(�/p�� )�(~/�h� )�(p/��� )��(p��� �p

�h/���/��/��p� �/���/���� ~/��ph �/���� �6�$ ! � ���%< 

p�/h��/h��/h�h/h��/h��/hY+	�67(8 �� �c$e� 

�/���/����/��~~/��h�/����/���/p��$eH(+ 
4�� 

�hh/h��h/h��h/h��h/h�p�/h���/h�"�#$ % ��M��, 

��p���~���� ���� ! 	%9F�†

†:<V. �, �x��� ! 	%9F�ph���� ! ���� 92�	 �0 IJ�D < 	�67(8 �/  -% �+9D��.

�0 YS� Z��(D V$ %�� @J%	 	%98%9'D��.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


12	! 3	��4� ��567� 4�8 � ��567� 9	:6;� <7,	5� 9	:6;� (�6:� 
	�... 

�� 

��Bi^.4,�	5� U<;�� �4P� �12	! 9	:6;� t	��6���� ?
@ A,�4! �� <67��� t	�46���	# �

IJ�D�S��(4% IJ�D WXV�+ ���� ! �H���+
IJ�D�S

���� IJ�D

�� Y� WV0��7�< 

IJ�D 

Oe� W�6�� @A$e0 U�12 �$e�%< U�12 

	�67(8 

)kg/ha(

)��(��/h)��(�p/p)�(�/~�� )��(h/�~� )�(�/��� )�(�/��h )�(p��~ �

)��(�~/h)��(��/�)��(�/~�� )��(~/��� )��(�/�pp )��(�/��h )�~(�~�� �

)~(p~/h)~(��/�)�~(�/~�� )��(~/��� )�~(�/��� )�~(�/��� )��(���� p

)��(pp/h)��(~�/�)��(�/~�� )�(�/��� )��(�/��� )��(�/��~ )��(���� �

)��(p�/h)��(~h/�)��(�/~�� )�~(�/��� )��(�/��p )��(~/��� )��(���� �

)�(��/h)�(~h/�)~(h/��� )~(p/��� )~(�/�~� )�(�/�h� )�p(���� �

)�(��/h)�(��/�)�(�/��� )��(�/��~ )�(~/�~~ )~(�/�h� )�(��p� ~

)�h(��/h)�p(��/h)�(�/��p )��(�/��~ )�(�/��� )�(�/��� )�h(�p�� �

)�p(h�/h)��(�p/h)�p(�/�~� )�h(�/��� )�p(�/��� )�p(�/��� )�(�p�� �

)�~(hp/h)�h(p�/h)�h(p/�~� )�(p/��� )�h(�/��� )�h(�/��� )��(�p�� �h

)��(h�/hW)�~(��/h)��(�/�~h )p(�/��� )��(�/��~ )�p(�/��� )�h(�p�~ ��

)p(h�/hW)��(h�/h)�p(�/��� )�(�/��� )�p(p/��� )��(�/��� )��(���h ��

)�(h�/hW)��(h�/h)��(~/��� )��(�/��� )��(�/��� )��(�/�~� )��(���~ �p

)��(h�/hW)p(��/hW)�(�/��� )�h(h/��� )�(~/��h )�(�/��~ )��(���� ��

)�(h�/hW)�(p�/hW)�(�/��~ )�(�/��� )�(�/��� )�(�/��� )~(���� ��

)��(h�/hW)�(~�/hW)�h(�/��� )�p(�/��� )�h(h/��� )�h(�/�p� )p(���� ��

)�(�p/hW)�(��/hW)p(�/�h~ )��(�/��� )p(�/�h� )p(�/��� )�(���h �~

)�h(�~/hW)�h(h~/�W)��(�/��� )�(~/��p )��(�/��� )�(�/��� )�(���h ��

)�(��/hW)�(��/�W)�(~/��p )�(�/��� )�(�/��h )��(�/��� )�p(�~�� ��

)��(��/hW)��(��/�W)��(�/��� )��(~/��h )��(p/��� )��(p/��� )��(�~�p �h

)�p(��/hW)�p(hp/pW)�(�/��� )�p(�/��� )�(�/�~� )�(�/�h� )�(���� ��

)��(��/hW)��(��/�W)��(�/�~� )��(�/��� )��(�/��� )��(�/��� )�(���� ��

)�(�~/hW)�(��/�W)��(h/��� )�(�/��~ )��(p/��� )��(p/��� )��(���� �p

�/h�/pp~�� �/�ph�� phh� h/~p� �6�$ ! � ���%< 

�~/h��/hp�/h��/hp�/hp�/h�
Y+ �c$e� ��

	�67(8 

�h/��ph/���h/�hph/����/�h��/�h�/�p�$eH(+ 
4�� 

~�/h~�/h��/h~h/h��/h��/h�"�#$ % ��M��, 

��p�pp~
���� ! 	%9F�

����†

†:<V. �, �x��� ! 	%9F�ph���� ! ���� 92�	 �0 IJ�D < 	�67(8 �/  -% �+9D��.

�0 YS� Z��(D V$ %�� @J%	 	%98%�9'D�.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! �"
# � $%&)()�(/,	#�+-./0 

ph 

=�R =�% 5d< % �+ �� 	��67(8 ��/  -��H�� �	 \����� :��+ �h<

����$D%	 �%����S �9'.����� !�Z��(��D ��h��'� V���  ���/  -% �b��

(8��/  -% � < 	�67��J�D ��I��� ��+ �8������ ����� ! &%�'

'D�9D 5��4� )X<9.p.(

�	 *'�� >�%�D IJ��D C��+:�SC�S<ge�� W���a�� 

�$e�H(+ 
�4�� =��$[�� $�D%	 	���a7(8 ��� %� �9')X<9�.�(.

Y+ =�'G IJ�D =�% ]��) -% Y�A$e0��y "��#$ % 5��M���` ��+ 

IJ�D ����4 �� �He  	��� �$[��� ��+ .Y���� ����� IJ��D _

5�a�$ ! t�'� =��$[�� V0��7�< %� IJ��D ����4 ��� �He�  ��+

 5d< C�D%	 	�.< ��Y+5c$e� 	�a7(8 �� =���� C
�4�� ��/  -% 

Y�A$e�0��y ��H�� �	 "��#$ % 5�M���` <�����=���:���� �He�  

ge� IJ�DW����P �%��S �a�� .%��D �	 �$���)� *'�� >5

IJ�D�S�� �He  IJ�D�SCR��� �$e�H(+ 
4�� -%:�� ��� 

	�� �%	��J�� 	�a7(8 .IJ��D :��+�SC�S<ge��W��a�� 

�� =�R ��$[0 ��)�+:Z��(D �<��IJ�D ���4 <=��R �+

 Z��(D�~��� %���� &%�'8=�9 	�` 5��F0 ���� ! )X<9�.�.(

=�R =�% �+	�a7(8 �/  -% ����� V� :$�D%	 9'.=��% �	 >�%��D 

IJ�D �+:�� "��#$ % ��$[0 ��)=�R �+:�(D �Z���C��<

~V�. %� <����� ! ��+:����F0 ������ 5�, 9� 	�, ����/  -% �

� 	��67(8����H�� \���� ��+:�C�h<��$D%	 %� 9��' .=��% �	

%�D�Z��(D ���� ! >�p����� 	��67(8 ��/  -% �b'� :��D%	 .

Z��(D =�R ��IJ�D �/  -% =��% 5d< C	�� ���� 	�67(8 < �+

 (F0 >�%�D �	 =�R�IJ�D �/  -% 5$��)� X��+:4%���(W

XV�+C����� C�S<�S<V�. ����� ! ��+:������ �S�����P �%�

)X<9.�.(

=�	<% &%��a(+ <)��(�Fd�T0 �	 >�%��D �	 K9'P :<� :%

 ��y < 5a[J *'� *'�C��(4% IJ�D -% Z	�1$4% �� WXV��+ 

-< �� >�?0 <	 �+ 	�a7(8 &M �	 �`&Z9�D ��/'0 U<�1$0 :�+

	��C9  9'$e %�� �` 5$d�m	��0 Z	-�� ��/$ % :%�� ��`%9�m >�?0

 =��F� %� �4%9'��(  ."�#$ % �` 9 	%	 &�[  �b M � �P%9.	�+ �

�;l�0 *'�� >�%��D �	 	��a7(8 *�%V�% �	 �4% =a(0 >�?0

9D�H  .

�	 �� C*'���y < *'� >�%�D <	 �+
4)∆G(U�12 	%9F�

 �7H'4 �� -<�+	5<IJ�D �	 �7H'4 �	 � %	 	%9F� �+:��(4% 

WY��� ���� < XV�+ W1'0 V�0��7�< 5	��� )X<9�.�(.=�%����'� 

�� IJ�D <	 =�% 3�4% �� "�#$ % n8 U�1�2 =��% �	 *+�, 

05	�D .IJ�D =�% 3�4%���+	%9F� *+�, �7H'4 �� -<� +	5

&<9�� >�%��D �	 �7H'4 �	 � %	 	%9F� *+�, < *'� >�%�D �	

 	�� �$[�� *'� .�7H'4 	%9F� U�12 
4�� &	�� �H�0 �� �.�� ��

 �	 � %	 &-< < ���0 �$0 �	 =�% IJ�D 0 C�+5���P �L�$  &%�� 

�, >�%�D �	 �4��� =��% ��� ���[�0 5=��% 3��4% ��� "��#$ % 

IJ�D ���� ! *'�VP n8�� �+ �+:Y�, � %	 	%9F� �� 3�	<- C

d<5&-< 0 R�� �7H'4 	%9F� < � %	5	�D.:%��� "�#$ % �� 
4�� 

Oe� IJ�D 3�4%�� U�12 K�(�W	�� �H�0 �6�� .
4�� =�%

 m_0 @���S �%9�A0 ��� ����0 �$0 �	 �7H'4 	%9F� 	��0 �	 ��/ :%

IJ�D -% �$(, �+:	�� �c�	 .�� %	 &-< �12 *'� >�%�D�	

�$[���� 
��4��:Oe��� IJ���D �	 W�����4 ���� �He��  ���6��

IJ�D d< C	%	 &�[  �+5*'����y >�%��D �1�2 =��% 
�4�� 

IJ�D -% �$(,�+:	�� �c�	 )X<%9.p<�.(

&%��a(+ < 3%�e��)~(54��� �� p���� "��#$ % IJ�D 

XV�+ ���� :�'H0)��(K�P��4 �12 i'� :%�� 9� 	�` Z9+�[0 

�,	�a7(8�+:����� 	��Hb� ����78 < �� %	 .*���0-M �	%��=

AA?0�==��R *'�V�P :%�� "�#$ % Z	-�� �, 9D K�7F0 ��� ��+

 0 Y, �12 O� 3�4%59D��.&%��6(+ < &<	%��� &%�4)�p(��

�e��A0 "��#$ % IJ��D ��4 CU�q �	 Y���� ����� IJ��D W

V0��7�<%�M��, 9� 	�` 5���F0 �� .��Fd�T0 �	 < X��0 >�4�� :%

 &%��a(+)��("���#$ % IJ��D ��� U��12 
�4�� CU�q �	 

g� Y�A$e0 
4�� �� �He  :�$[�� t��'� :%�%	 	�� U�12 g� .


4�� &�0-M �` 9'$��P �L�$  �b M IJ��D >�4�� U�1�2 :�+

 "�#$ %)∆G(
�4�� &��0-M ��� �He�  :��$(` :������%�a� C

Y�A$e0)Ri (�� U�12 =�% -% K%9, �+ ��b'�5	�%	 K-R .

IJ�D 
4�� �� �.�� �� �+:+	-�� �� "�#$ % 5��b M )∆H(

>�%�D <	 �+ �	)X<9.�(IJ��D ��, 9�D I#[�0 ��+:

��(4%W�+�Y��� ���� IJ�D < XVW�7�< ��R�� Z	-�� V0���:

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


12	! 3	��4� ��567� 4�8 � ��567� 9	:6;� <7,	5� 9	:6;� (�6:� 
	�... 

p� 

��Biv.12	! r,4� �� 9	:6;� �,I�	� 	�)∆H(T	FM k�	# �3	��4� 9	:6;� <�12	! 	�)∆G(

∆G∆H

�7H'4 �� -<�5+	 ���0 �$0 �	 �7H'4 	%9F� �7H'4 �	 � %	 	%9F� � %	�%V+ &-<)gr(

5$��)� X�(F0 >�%�D 

��(4% IJ�D WXV�+ p�/hW��/��� ��/�W��/��~/��� 

��(4% IJ�D WXV�+ 

)@A$e0 U�12(
p�/hW��/��� �~/�W��/��h/��� 

J�D ge� IW�a�� �p/h��/p���/�h�/�~�/p�

Y��� ���� IJ�DWV0��7�< ��/hW~�/��p ��/�W�h/��~/��� 

5$��)� X�(F0 >�%�D 

��(4% IJ�D WXV�+ ��/hW��/�h� �h/hWp�/h��/�h� 

��(4% IJ�D WXV�+ )

@A$e0 U�12(
~�/hW�p/�h� p�/hWp�/h�h/�h� 

ge� IJ�D W�a�� �~/hh�/p���/�p~/���/p�

Y��� ���� IJ�DWV0��7�< ~~/hW�~/�h� p�/hWp�/h~�/�h� 

Oe� IJ�D �� �He W9'$�D%	 �6�� .>�%��D �	 Z	-��� =��%

 	�� �$[�� *'� &<9� .50 &�[  :�/  i��$  U�1�2 ��P% �` 9+	

 IJ�D �	 	�.�0Y+5c$e� IJ��D C9'D�� �$D%	 5$H�0 :��+

 ��(4%W���� < XV�+ 
4�� ��P% < ��D%	 9'+%�J 5b��[0 :�+

Y+ 5c$e� IJ��D C9�D�� 51'0 IJ�D �	 	�.�0 U�12 =�� 

��(4% _��� XV��+ 5�'F0 ����) ��4% ����� :�%	)��<��(.

0 =�%���'�5��Fd�T0 =�% �	 %� IJ��D =�% &9D ���� �78 &%��

 	�.<Y+5c$e� 1'0 5J�� =�� 5IJ��D �	 	��.�0 U�1�2 

�e %	 )X<9.�.(=�d)��($12 �4% �$b� 	�, &���5��, %� 

�M��, *+�, n8��5"�#$ % 05j��m IJ��D �d	�F0 -% 	�D 

�( 	.

�$  t�(L0 �	�% i�4��� =53��4%�� "��#$ % �, 	%	 &�[  

IJ�D �+:4��� 	��0 5VP n8�� �	%9�F� �� 3�	<- K�S�% *'

 - �7H'4��b  �	 < R�� � %	 &-< < Y, � %	 	%9F� < 	���67(8 �	�

��0 �$[5		�P .Y+=�'G IJ�D ��+:��(�4% W����� < XV��+ 

Y���W��R�� Z	-�� V0��7�< :Oe� IJ�D �� �He  W�	 �6�� 

9 �%	 *'���y < *'� >�%�D <	 �+.

��	
� ���� ��	F6�� 

�.t C5��s� .�p~p .IJ�D �+:U���H  ^_2% �	 "�#$ % .9�7, UR�A0 �8�(L0:< �8%�- Z�c', =�0<	 &%���% U����H  ^_�2% .

V��H� Z�c[ %	 .

�.9'0�� 0j C9��.K C.t.($4�5K <.�.�+	�'S .�p�h .4���5�	 	��67(8 ��� ��b M ��T�%� < &��  K9�'P O�!�d��V�� ����0 U�12 

6[J *'� &<9� < *'� >�%�D5.-�<�[, K�78 �7L0:&%��% p�)�:(~��W~��.

p.4�905K C.K C.U.K < 	�4M .K� 	�J .�p�� .IJ�D =��F��+:U�q K�S�% �	 "�#$ % )Zea mays L. ( ��	�67(8 *�%V�% ��/'0

� %	 .-�<�[, &�'� < K�78 �7L0:F�H) ���'0 <5~)�:(~�W��.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! �"
# � $%&)()�(/,	#�+-./0 

p� 

4. Alexander, W. L., E. L., Smith and C. Dhanasobhan. 1984. A comparison of yield and yield component selection in 
winter wheat. Euphytica 33: 953-961. 

5. Asif, M., M. Y. Mujahid, I. Ahmad, N. S. Kisana, M. Asim and S. Z. Mustafa. 2003. Determining the direct 
selection criteria for identification of high yielding lines in bread wheat (Triticum aestivum). Pakistan J. Biol. Sci. 
6: 48-50. 

6. Austin, R. B. 1982. Crop characteristics and the potential yield of wheat. J. Agric. Sci. 98: 447-453.  
7. Biswas, B. K., M. Hasanuzzaman, F. El Taj, M. S. Alam and M. R. Amin. 2001. Simultaneous selection for fodder 

and grain yield in sorghum. J. Biol. Sci. 1: 321-323.  
8. Brim, C. A., H. W. Johnson and C. C. Cockerham. 1959. Multiple selection criteria in soybeans. Agron. J. 51: 42-

46.  
9. Chandra, S., S. N. Nigam, A. W. Cruickshank, A. Bandyopadhyaya and S. Harikrishna. 2003. Selection index for 

identifying high-yielding groundnut genotypes in irrigated and rainfed environments. Ann Appl. Biol. 143: 303-
310.  

10. Eagles, H. A. and K. J. Frey. 1974. Expected and actual gains in economic value of oat lines from five selection 
methods. Crop Sci. 14: 861-864.  

11. Elston, R. C. 1963. A weight-free index for the purpose of ranking or selection with respect to several traits at a 
time. Biometrics 19: 85-97.  

12. Eta-Ndu, J. T. and S. J. Openshaw. 1992. Selection criteria for grain yield and moisture in maize yield trials. Crop 
Sci. 32: 332-335.  

13. Falconer, D. S. 1989 . Introduction to Quantitative Genetics. Longman Group Ltd., London.  
14. Hazel, L. 1943. The genetic basis for constructions selection indices. Genetics 28: 476-490.  
15. Kampthorne, O. and A. W. Nordskog. 1959. Restricted selection indices. Biometrics 15: 10-19.  
16. Lin, C. Y. 1978. Index selection for genetic improvement of quantitative characters. Theor. Appl. Genet. 52: 49-56.  
17. Mcneal, F. H., C. O. Qualset, D. E. Baldrigge and V. R. Stewart. 1978. Selection for yield and yield components in 

wheat. Crop Sci. 18: 795-799.  
18. Moll, R. H., C. W. Stuber and W. D. Hanson. 1975. Correlated responses and responses to index selection involving 

yield and ear height of maize. Crop Sci. 15: 243-248.  
19. Pesek, J. and R. J. Baker. 1969. Desired improvement in relation to selection indices. Can. J. Plant Sci. 49: 803-804.  
20. Rabiei, B., M. Valizadeh, B. Ghareyazie and M. Moghaddam. 2004. Evaluation of selection indices for improving 

rice grain shape. Field Crop Res. 89: 359-367.  
21. Singh, T. and H. S. Balyan. 2003. Relative efficiency of various single plant selection criteria and F3 generation 

yield testing in wheat (Triticum aestivum L.). Indian J. Genet. 63: 24-29. 
22. Smith, H. F. 1936. A discriminant function for plant selection. Ann. Eugenics 7: 240-250.  
23. Suwantaradon, K., S. A. Eberhart, J. J. Mock, J. C. Owens and W. D Guthrie. 1975. Index selection for several 

agronomic traits in the BSSS2 maize population. Crop Sci. 15: 827-833.  
24. Ud-Din, N., B. F. Carver and A. C. Clutter. 1992. Genetic analysis and selection for wheat yield in drought-stressed 

and irrigated environments. Euphytica 62: 89-96.  
25. Williams, J. S. 1962. The evaluation of a selection index. Biometrics 18: 375-393.  
26. Young, S. S. Y. 1961. A further examination of the relative efficiency of three methods of selection for genetic gains 

under less restricted conditions. Genet. Res. 2: 106-121. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.3

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

22
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.3.5
https://jcpp.iut.ac.ir/article-1-897-en.html
http://www.tcpdf.org

