
����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 ! ��")$%" (/�	'� ()*+ 

��� 

,�-./�0�1 2
/ 3!� $�45� 67",� �� 8�/�9: ;
< => �" ��	?4�" ���	� � �,0� � ,� 

�%� �� ���" )Panicum miliaceum (���
@ �	�",1 �� 

AB- �"�@ 3 C� ��D�E"(��	� 3 C� FG�"�,� 
3�H� �D�" F)
3 C���9 �	�,I FJ2���� K,� �L

�3�0M 

�� ���" 2
�"� ���,� ��N
� A� 3!� $�45� 67",� �� �0�1 2
/ A� �%�  FOP� �",P � AP� �%�P �� ���" �3! QDR" 8�/�9: �	'M

 8�/�9: ���/ �" ��C� 3
@,���3! =	549"FA���,� � 3
@,�� ABS
� �� �� �",0/ A� � 
�	��> �	 �/ ;
< 	� TD< U��V�" Q,� O� W%	I �� 

)���
@ �	�",1 �	4�" (3! A4!	� .� 
�	��> 
	��	 �/T,� �� A�" ��� T�	�� U!"� �",I ��R" 
	� :2
/ F����� A�7,� �� 2
/ F3�	!

 A9"� �3!,< � ����� A�7,� �� �� 2
/ � A9"� �3!,< A�7,� �� 2
/ FA!�1 ��'Z A�7,� �� .8�/�9: T,� �� ���" 
	� �",PI ��,� 
	�

3
4!"� .� �,0� � �� 2�	� [�,4��� \�	� A!�1 ��'Z A�7,� �� �0�1 2
/3! => �" ��	?4�" ���	� � A9" .�" ]	/3P � �,P0� � 2�	P�

 U!"39 
�	�� T�	?/ 2
/ 
	��	 �/ [�� ��,� ,4� �� A!�1 �"3�/ � 3! �	H�" A9"� �"^� ��� 2�	� � A!�1 �� A9"� �"3�/ 2�	� _�,� .

����� A�7,� �� 2
/ �	 �",�-./ U!"39 �,0� � 
"^@" � �,0� � ,� 
.Z A�7,� �� 2
/ �	 �" 6` aB� 
�� ,-" 6�%� A� A!�1 ��' 	�

3��,` A!�1 �� A9"� U!"�,� b1	! � A/�� �� A!�1 U!"�,� b1	! 2�	� W�� A9"� �"^� ��� �.8�/�9: Ac�	B� 	��	�P9 �P� 3P��

8�/�9: K-C.M.4 ,4��� A!�1 �"3�/ 3�%�/ _�,� �"�8�/�9: K-C.M.9 A9"� 3�%�/ _�,� �" ,/ [�d
� 
	� �,P0� � 
"�"� AP9"� 
,4�P��

39���.8�/�9: [� � 	���P� ,4��� ��c9 ��� A� ^�9 	'9> $�45� 
"^@" U!"�,� b1	! � 3
4!"� ^�9 "� => �" ��	?4�" ���	� [�,4��� .AP�

 6R	7 � 
�	��> �� ��	?4�" ���� => 
��! e	C% 
^�1 �� 3
@,�� �� f	1F8�/�9: �,0� � A�P��,� �" ,4 � ABS
� [�" �� $�45� 
	�

���.g� H� �� ��8�/�9: 2�	��> [�" �� U?` �"�/ K-C.M.4��� ,/ W�	
� ABS
� �� ,� 
",� .

�:"� 
	� 
3��� :U!"�,� b1	! F=> �" ��	?4�" ���	� F�%� �� ���" F�0�1 2
/ 

�.���	
 	��
�������
	���� ������
������ ���� � !�� 
�
" ��#���
 

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

-.
���� .�/ �%&'&�(�) �0�1  ��+ ��
	���� ������
 �� !�� 
�
" ��#���
 �2�3�31/ � 4&5� �����*��,/ 

6.
���� ��
	���� ������
 ����	
 � !�� 
�
" ��#���
�2�3�31/ � 4&5� ���� �*��,/ 

�.
����
��	�� 	� " � ���	
 ��
	���� ������
 ��� !�� 
�
" ��#���
 �2�3�31/ � 4&5� ���� �*��,/ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

��7 

A�3B� 

�8��	
 *�8+��$ �8�'&/ ��8��� 
��1  9 �&� 
� ��� :" 
&;<�

 ���)����-.(?�8@/ � �8�A;/ *�(�  *
&� 
��
 ���
��81  

��" B���  C8� �8D	 �	�
 E&8F 	
 ���8G .�8/ 
��8� H;8�

 � ���	
 *�+��$ ���� C�&/ 
&D 
	&  	
 C@'�0  C� �	�I" .�8/ 

���G C� 4��3  4�J	� :�A��� � ���G �K+L��M :" ��8�GN

 �	�� O�P  �H5F �	 *" �  �8  �8��)������.(�83�3� 	
 

�	�8��" K�Q�� R� 	
 :" B�
&/ � S�PA/ (8� K8,  TL��8/

��'�@) �+	
	
 C� �
 L�� ���
 ���� �
	���� U	�8I" 98��3�  

98 �&� L�8� ��8�V�W ���8<��� � �
�P8�J� ��8����/ ��8��(�) 


	�
 �#�Q�)�X.(Y�	 
� �
�Z�8�� �8[�� E�8� 	
 K8� ��8+

 �H88���  �(88�	 C88 ���� *��88� ��	�88��" �88 "	
 .+�88� H;88�

 ��� ��D *�
	���� �	�8��" .+�� E&\� C� C�&/ C� �'�� 	
 

��� �
&� ��Z  �
�P�J� �]� 
� �^�1\ �����  �� .	
 _̀ &8<@ 

 K� a���D ��" �8  :" 
� C8��,� �
�Z�8�� ���8� 	
 �	 *" �Q8���

 ����1� 9���  �D	 
�� �
�Z���)��.(98���  L�� ������D �b' 

�]� C� �	��[ � 4
` �+��$ �+ 	
 ����1�� ��	.

�
�8� _̀ &8<@  
�8�5<� ���� K�3�Q  :�A��� 
&8;,� ��	 L��8/

 C8 ���� 	
 :" 
� �
�Z�8�� �

�8� � 
��5<� �8�� ��!8\� ��8+

)�X���(�D�
 C�&/ ���� � � ��Ic  ���8� K�3�Q8  :�A��� *
&�

 a�1  	
 
��5<� �8I� � �0�1  d���	�� �$	(� a�&/ .�/ ��+

 �  
��1  �e�/&�% �� a�1  9��3�  
&D)�.(�8�,� U	
 L�����8��

 9�D � �D	 �#�&#M �81/ C8� �8��	
 *�8+��$ 
��5<� ���$

 �8  	��J ���G .�/ a���D 
&8;,� 	
 �8���$ 	�8� ��	�8��" �� �

	�� �
�Z��� ���� *�+��$ f!\��
&� �+�&G �Ic  :" 
� �/� )g.(

�&8#'� �8��h/ ��8�" B��8�  ��
��81  � ��" K� a���D 	


 ���G C� 	�$
�� *�+��$ �D�� �<� C� �
	���� �8  �8��&/

��	 �D�� �;���  	��Q� 	�� .e�/&�% ��+ 98�'
 C8� *
	� i85�A  

� �D	 9P) *
&� ��/&� :" C8� �j�� 2��\&PG �G�� L�D�
 

�  � ��	�
 
��� ���<� �;Q8� �0�1  ���Q �� a���D 	
 ����&/

 �8��� �8�'&/ ����8�� E&P81  2!8k ���8� C�)l.(*
	� �b8'

�  K8� mF�8�  	
 �8D�� ���� �;���  ���$ ���&/ �8D�� :" .	


�$j�� E�� L�� � .�8/ 2�8D C8� C�Q8� *
	� i85�A  ��8+

 *" 
�n�� �#�&#M �1/ �o&J� *� 
 �]� 
� �j�� C� ���Ip/ 	��8J 

�  
��$.��8� *
	� 
�8�5<� CQ8��3  	
 *�	�8�<+ � *� �  �	&

 C��
 4&$	&� K8�%	 	
 � E�� ��M 	
 �� �	�8��" i85�A  ��8+

 
	� C��
 
��5<� ��
�
 *��� *qr�8/ srC8��
 
�8�5<� �8\	
 

	&�$�D�
 ���<� 2�;I *
	� 
��5<� � 
&� 4&)tu.(� 	
 L8�

 
� d8W ���8G �8�
�
 *��8� *�	��<+ � ��
�� C�� 
 98$ �8+
 

.+�� �	 C��
 
��5<� �  �+
 .m8��F 
� 
�8�5<� .+�8� L8��

 �B8��  �8�  	
 C8D&G 
��@/ ��@� 
��5<� K,  T(� C� .+��

 �D 
�n�� CD&G 	
 C��
 
��@/ � C��
 *
�)vq(.L�8331  �G��

 ���8G .�8/ �8I� �8� *
	� 
��5<� .+�� (�� �#�
 C8n��� �	

 
��5<� T(� C� L�<+ .+�� � �8���
)tw�ts.(x��8�� C8�;'�

 .�� 
" L�� H5k� +�
� d8W C8� ���,��/ C� ��� *" 
� ����

9$ �+
 E�<�� � .+�8� m8��F 
� ����� �	 C��
 
��5<� ��&D

.+�� C��
 *
� � CD&G 	
 C��
 
��@/� ��+
)tt.(

C��
 *
� .+�� �  �� �I� �� ���&/ �8� � C��
 �D	 ���� .+

 �8D�� C8��
 *�8D �W �	�
 E&F .+�� .� 98�&) C8�� 
 L8�� 	


 9 �D ���	���  *
	� C��
 *�D �W �	�
 C� ���D�
 	�,y� *&���W

 �8�� C5��  �
 :t{���G�8/ 
�8) R8� )Lag phase(	
 ��8/&� 

R�8G *
� B8<n/ � �
&8� �'&58� (��</ C5��  C� C�'�� 9��� 

 ��� K� *" 	
 C��
)tv(.v{2�8D C� C� C��
 �0G �D	 C5��  

�1/��Ip/ 	��J .�/ � 
��$ .�8D	 C8@'�0  	
 *�	�8�<+ � �5���

 �8�
�
 *��8� .�8/ *��8� � .�/ a���D 	
 ���	���  *
	� C��


 �8)�� .+�� ���G .�/ a���D 	
 C��
 R/ *
�)q(.�8n��� 	


 �D C��
 �D	 �0G C5��  2�  E&F .+�� H;� ���G .�/

� 
� �
��� �	 C��
 ���,� *
� m��F L�vw
�
 .+�� �\	
 .


&8;,� �8�� f�80  �8�" K� a���D 	
 C� �
	�&  
� ���

�)�[� :" O�P  *��� C��
 
��5<�)
� �
�Z�8�� �

�8� 
&8;,�

:" (��� .��Ip/ C8� C�Q8� :" 
� �
�Z�8�� �

�� �� ���G .�/ 

.�/ 2�D � *� 
 ����$ o&� 8� C��
 
��5<� C� L�� �|�8 &�� �

��� 2��Z�  �D�� �]� �  .�	�8 &� E�}  *�&�� C�)tl(*��8�

 ���8� ���8G .�/ a���D 	
 *
	� :" 
� �
�Z��� �

�� C� 
�
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


,�-./�0�1 2
/ 3!� $�45� 67",� �� � � �,0� � ,� �" ��	?4�" ���	 ... 

��g 

��3@(.> 6C� f	1 A�^H/ ;�	49 �A���,� � 3
@,�� �� 2�	� 

C30�  U�G �)��)��D � &'(
PH

EC 
)��  �� d�<�
 ��
(

SAR 
K��� ��b� �;Q� 

�'" �
� 

(%) 

R+" 

(%) |	(%) �5��(%)LD(%) 

������ 6�/��6/��g/7��/Xg�/�g�X����

C����� g�/���/���/��-g/XXX/�-�X -667

��3@ A�"�"h

C30�  9� 2
�(%)
K�Q5�

(meq/lit)
K�(�� 

(meq/lit)
K���

(meq/lit)

9��J K����W

 :b�(mg/l)

9��J �ZQ)

 :b�(mg/l)

�J L+" 9�

:b�(mg/l)

9��J(�#� 

:b� (mg/l)

9��J d 

:b�(mg/l)

9��J ��	

:b�(mg/l)

������ X��/X6/�66/�X7/���7� g7/�6�/�XX/�7X/X-�/X

C����� X-6/X�/��/��/����7 XX/��6/��6/7X6/�6X/X

:" 
� �
�Z��� �

�� C� �'�� 	
 ��)�� .��()� |� &�� 
��5<�

 �5<� ���� 
�
 *��� .+�� C��
 
�.CQ8��3  	
 ���8� � ���� 

	
 C8� �8�
�
 *��8� �	�8��" C8� *
	� � 4&$	&� �2	N .����

 :" 
� �
�Z�8�� �

�8� L����8�� ��	�
 *
	� ���8D .�/ a���D

 4&$	&� �K� 2�D �� .�/ � :&50  �	���" a���D 	
 � � �
&�

�D�
 �	 :" 
� �
�Z��� �

�� L������)vl(.

Q/ 
&;,� C8��
 � ��8��
 ��+	��G�8� C8� R�8G �
�  K�,

)�D�
�� SG�D 
&;,� (C8� ��� �/�Z\ C5<� 
� �8  �8��&/

 
&8D C��
 
��5<� 
&;,� H;� .a���8D 	
 �8D�
�� SG�8D

 ����)� �
�$ 
� dW ��D �
�Z��� :" �;Q� B��/ H5k� ���G

 �8�� ���8�� (�� �D�
�� SG�D �D�� ����� CM �+ C� ���

)vt.(D L������� (�� �	 �D�
�� SG� �  	�8�@  *�&�� C� *�&/

 �8)�$ �8]� 	
 ���G C� 9<1�  4�J	� :�A��� ..��8 
" 	


 *�	��<+ � ��
��)vq(a���8D 	
 C��
 
��5<� .+�� 
� �<��


&� �D�
�� SG�D .+�� C� �&��  .�/.

L8�� ���&8�� *�8���G C830�  	
 ��" K� *��1� C� C�&/ ��

 ��	�� 	&]�  C� .�� 
"/��Ip �8�M 
�8�5<� �8� ���G .�/ 

4�8n�� C830�  �8� 	�$
�� e�/&�% L��@/ � �'&<@  *
	� e�/&�%

 ��� C�)�$ .
�8�5<� �:" ��
��81  a���D 	
 C� ���n�" 
�

 � :" 
� �
�Z��� �

�� B��/ ���$ �)�P  :" *�(�  �� ��!� C��


 (�� �D�
�� SG�D �  �D��)vr(��8D �@� .+�jW L�� 	
 �

�� ��!� :" 
� �
�Z�8�� �

�� �
��5<� ��(�� � 
��5<� a���	 


��$ 	��J 9�51/ � C�(n/ 
	&  (�� �D�
�� SG�D �.

i�� � �"�� 	�

E�� *��Q��/ 	
 .�� 
" L�� �-�� 	&F C�K+*� 
 ��#�Q8�� 	
 

������ �
	���� 2�3�31/)���8�)��h� E&8F��� C8�	
 �-

����)��h� ��� � �J�D C3�J
-�	
� C��-�'�<8D C3�J
 (

C����� �D
 �)����)��h� E&F��� C�	
 6��J�8D C83�J
 

����)��h� ��� �-�� C�	
 ����'�<8D C3�J
 �� &85��7X

�8����� �
��{*��8+�
 (�8)�$ 4�8n�� .x�8W .��8 
" L8�� 	


 4�8� C8� &8���W �8� �'&8<@  *
	� e�/&�% �8� �
&8� *
	� ��8+

 �
�	
&�)�851  e�/&�%(�K -C.M.2 �K-C.M.4 �K-C.M.6 �

K-C.M.9 C8�,/ � f!8\� 2�3�31/ CQ�c  � ������ C30�  
� 

��	�/ 	
 � ��D C�,/ 	b� � E�,� ��+�X� 
�
�G ��C8� 
�
�G 

���8D C�8D�� C����� � ������ 	
 H�/�/ .�8$j�� U�8G ��8+

 	
 .�� 
" 91 E��� ��8�� ��8 " .:" �8�����'� ����8+

 ���" 	
 �
�Z��� 
	&  H8�/�/ C8� C�8���� � ������ 	
 �	6/��

7/���
 �� d�<�
 
&� ��.


&8� �'&8' � RQ�
 �KAD 9 �D L� 
 �
�� �
� " 2��5<� .

��� �
&� .�" 9;J E�� �]� 
	&  L� 
 .E��	 m��0  �D�W
&�

 �)�$ 4�n�� C30�  .E
�8@  ��8D �
�
 
&� *�(� twr4�$&85�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

��� 

��3@G.�� �3! j,k� => ,��	B� ���� Wc7 ,� 
�	��> $�45� 
	��	 �/ ,4� 

C30�  �+�D ����	 C5��  	
 .�/
C5��  	
 .�/ 

CD&G 	&,y 

C5��  	
 .�/ 

C��
 *�D�W 

C5��  	
 .�/ 

C��
 *�D �W � ����	

������ �)�/�X�(�g6 )g7�(�/�-X )6/7��(�/g76 )g--(�/g�� )�/7��(7/g�� 

C����� �/g�� �/7�� �/7�7 �/767 6/7X� 

�.e�/&�% C� �&��  (����W 9G�
 
���� K-C-M.9�
�� �)��	
 ��<� �	���" C5��  R� ������ 	
 �/
�
 �$���	 9�'
 C� C� ��� ���.

� �	��vrr 
&� 	���+ 	
 K��& " 2�ZQ) 4�$&5�� .
&� 4�</

 � C/�ZQ)wr�8D �
�
 �8D�� 
� 98;J �	�� 
&� 
� 4�$&5�� .

5��  �
 	
 �	�� 
&� C�3� � 98���� 	
 ���Q8  *�(8�  C� � C

�8D �
�
 ��8�$ C8� L�8)	 CJ�8� �G��� .�8D	 �	�
 E&8F 	


i5� ��8�
 L��� �� 
&;� C�&/ 9��J *��<���/ C� 
�+ ��+

���D E����.

U&85� H8'�J 	
 2!W ��5��� o&� 
� ���� 
" f�F ��8+

 
&� 	���/ C� �� �)
�P/ 9 �� .9 �D 	���/ �+��58\� 2�8� 

/ *�&�� C�
� 
&8� 2	�8;� C� 
&� �	���" ��+	�<� :�{�8� �+�8D 

�	���" .�/ *��� � ��" 
��� m��0  :&50  �{C85��  	
 .�/ 

����	)C8� �8D E�8<�� ��8�$ 98 �� 	��3�8�� 
� dW 	�<�/ L��

 
&� *�D (;� 
� dW C�Z+ �
 
��� (-{	&8,y C5��  	
 .�/ 

CD&G)	
 C� �D E�<�� ��� 
 	�<�/ L���X8/&� �\	
 ��8+ C


&� ��D �+�y �5\� CJ�� CD&G 2�� �+(6{C85��  	
 .�/ 

C��
 *�D�W)C8D&G ��8+ C8��
 C8� �D E�<�� ��� 
 	�<�/ L��

 ��
&� *�D ���<G ������ � *�D ���D �G��� 	
 �5\� CJ��(

�{C��
 *�D�W � ����	 C5��  	
 .�/ )�
 �8+ �	�<�/ L�� 	


 �	�<D 	�<�/��6�D E�<�� (.	�<�/ R8� Ob8� �8� .�/ ��+ 

�D E�<�� �]� 
	&  C5��  	
 �	���".|�8�� �� ��" 
��� L��@/ 

�
�
 |!8� �8�A;/ R��8/ ��+A���8��� " �8)�$ 2	&8\ .

�
��8�� ��A;/ R��/ 
� C��
�	 ��A;/ 	&]�  L��� � ��8D ��8�$

�� R��/ H��[ |��� �
� �
�Z�8�� �� C� �+��$ H��[ Y�	

FAO �D C;��1 )-(�8�A;/ � �8�A;/ � B8��  ��8�$ ?�8@/ �

� C�	(  a���D 	
 *
	� ?�@/�
��� ��
�$ ���$ .d�� �]� 	
 ��

 L�)�$�

���XC�	(  	
 :" .AW ���� �\	
 �	�8��" *�(�  �

� ��
�$ L��@/ E�8��� 2	&8\ C� �	���" ��8D 
� �
�Z�8�� �8� �

	&��� �8D�� C;8��1  98��J :" 
� �
�Z��� �

�� �/ �)�$ 4�n�� .

�3  HQ8� �� �	���" i5�A  ��+	�<�/ 	
 ��D O�P  :" ��


�5�  ��  	
 E��� ���� �� " .

2�� 	
 *
	� ��+ e�/&�% �8��)�$ 	��8J �8��) ��8+.�8+ 

��	�
 ���) 2��q�D�� aGw��� 
&� .O�F �
 	
 �D��

C��W ���� ��+ur����� �� �)�$ 4�n�� �.�8D�� *�8 
 	


 C�D�� R�
(� 9\�&) �� �+	b� C/&� �*�D (;� 
� dW � ��D �8+

 C5\�) ��l����� ��  .�� ���,� K���/ C� �	&F C� ����D R�/

 
�urrrrrC/&� �D 9\�� 	���+ 	
.

2�� �+ a�� aG �
 E&F 
� ��  �
 ����$ *���	 *� 
 	


)E
�@ l/tB��  ��  (�8D �8D�
�� 98 �� 	&F C� .	&8]�  C8�

i8885�A  ��(888�� �888D�
�� SG�888D L�888�@/ �)C888D&G (�

)���+CJ�� (	��8J *�" 	
 �8��I *
� C8� *���	 �/ � ��D ���

�)�$ .C��
 *
�� ��� 
� dW *
� |�8�� �8� C8��
 
�8�5<� ��+

 �D Y	�($ R�G .�B8��  �8�  	
 CD&G 
��@/ L��@/ 	&]�  C�

CD&G � ��8D Y	�<D �]� 
	&  ���Q  
� ��D �D�
�� ��+

 �8D 9��8;/ B��  ��  C�.� L�8�@/ ���8� 98� 
� �C8��
 	�(8+ *


C��
 C� ��+ ��D�
�� ���Q  
� �� " ��
trrr Y	�<8D C��
 

�D L�
&/ � ��D .C��
 
��5<� ��	 
� (�� CD&G 	
 C��
 
��@/

 *
� � B8��  �8�  	
 C8D&G 
��8@/ � B��  ��  	
trrr C8��
 

�D L��@/.

�D C;��1  ��
 2	&\ C� �D�
�� SG�D K,  T(� C�)vq.(

t{�
�� SG�D C8D&G 	
 C8��
 �D :*
� �;Q8� 2	&8\ C8�

CD&G R�G *
� C� C��
 R�G 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


,�-./�0�1 2
/ 3!� $�45� 67",� �� � � �,0� � ,� �" ��	?4�" ���	 ... 

��� 

��3@).2
/,-" �0�1 67",��� $�45� 3!� � �,0� �,� �,0� � 
"^@" �� �%� �� ���" 3
@,�� �A���,� 

	�<�/ C��
 
��5<�)L/	���+ 	
 (B��  ��  	
 CD&G 
��@/CD&G 	
 C��
 
��@/C��
 	�(+ *
�)4�$(

������ C����� ������ C����������� C����� ������ C����� 

*��� �+�D 
.�/ 

a��7/�a�gg/�a�/��� a7/��6 a7/��� a�/�g� a�-/�a�g/�

C5��  	
 .�/ 
����	 a67�/�a��7/�ab�/�-� a�/��g a�/��� a�/�g� a�-/�a�7/�

C5��  	
 .�/ 
CD&G 	&,y c��-/Xc��X/�a6/�66 a6/�7� bg/�77 c-/�g6 c-�/�c6X/�

C5��  	
 .�/ 
C��
 *�D�W b�7g/�b�-g/�b-/��g ag/��- a�/�X� ab�/�66 b6�/�bc��/�

.�/ 	
C5��  
����	 C��
 *�D�W� b��X/�b���/�a�/�6� a�/�g� a6/�X7 bg/��� b�X /�b7-/�

L�#���  ��  O��� ��	�
 ��+��@  2��Z/ ��	�
 �\	
 x�W E�<��� ^0� 	
 L���
 *& 
" |��� �� *&�� �+ 	
 C� �<� 	�
 �D��.

v{C8/&� 	
 CD&G �D�
�� SG�D :*
� �;Q8� 2	&8\ C8�

9� R�G *
� C� CD&G R�G 

�{C/&� 	
 C��
 �D�
�� SG�D :R�8G *
� �;Q8� 2	&\ C�

 9\�� C� 9� R�G *
� C� C��
 :�[ C8��
 �D�
�� SG�D

&G 	
 C/&� 	
 CD&G �D�
�� SG�D � CD� (�� �D��.

.�� 
" L�� 	
K+L��M 2	&8\ C8� :" 
� �
�Z�8�� �

�8� 

x���� � �D L��@/ ��D �
�
 :" *�(�  9� C� C��
 
��5<� �;Q�

 �)�$ 	��J 9�51/ � C�(n/ 
	&  *" .4�8� 
� 	�(8)�Mstatc ���8� 

�
�
 (�'��" �D �
�Z��� �+.L�#��8�  CQ��3  �8+ 8�� 
� �
�Z�8�� �8� (

C� �
 ��M *& 
" �)�$ 4�n�� L���
 ��.

\C� � ;�	49 

$%"(�,0� � 
"^@" � �,0� � 

��@  	&F C� ���G .�/ *" ��(8�� � C8��
 
�8�5<� �8� �	�


��Ip/ C�D�b$ )��� ���� �
	�" d���	�� C�(n/ E��� (�" ��8,

 
�
 .+�� �	)E��� -.(
 C��
 
��5<� .+�� *�(�  L������ 	

C� �
�
 �	 CD&G 	&,y C5��  	
 .�/ E�<�� a���D �	&8F C8�

 .�/ 	�<�/ L�� 	
 C�8���� � �8����� 	
 H�/�/ C� C��
 
��5<�

g/6X�-/6-�\	
 �)�� .+�� ..�� 
" +��.+�8� �Z5�A  


	� C��
 
��5<� �
�� Y	�($ �	 ���G .�/ �I� �� *��� .��
�8�

 	�$��/�� �)�g(���+	��@  ��	�� 	
 *
	� 4�8J	� ������D ���� 

C8� �8�
�
 *��� .�/ *��� � .�/ a���D �� 	�$
�� ���	��� 

 �
 .�/ ��+ a�1  	
 C��
 
��5<���� �8/ ��-7	
 4�$&85�� 

.�/ *��� ��+ a�1  	
 � 	���+-��- �/ -�6�	
 4�$&85�� 


&� 	���+ .*�	��<+ � ��
��)�7(���8G .�8/ ��
�
 *��� (��

 
� dW9$�+
 �.+�8� �	 C8��
 
�8�5<� �8  �8+
 .K8+ L�8�M 

�n����� � �<��`�+� )��(��
�� Y	�($ �	
 ���8G .�8/

 �/ �	 C��
 
��5<� C��
 *�D �W �F�X.+�� �\	
 � �+
.

*��8� 
�8�5<� ��(�� CQ��3  � ��	�� �8  �8n��� 	
 �8+


 � C8D&G 	
 C8��
 
��8@/ .+�� m��F 
� _�/�<� 
��5<� .+��

 �(+ *
� .+�� �D 
�n�� C��
 	.L�8� B8��  ��  	
 CD&G 
��@/

 �D��� �
��
 2��Z/ .�/ ��+	�<�/)E����(.�<�8�`�+� 

 �n����� �)tw(�	� &� �)tl(���G .�/ ��
�� Y	�($ (��

 *
	� 	
 *
� .+�8� � C8D&G 	
 C8��
 
��8@/ .+�� m��F 
�

 C��
 	�(+ C��
 
��5<� .+�� H;� �  
&D.C8��
 
��8@/ .+�� 

 ��8G�� a38� � ����8)� �
�$ �� .�/ T&� �I� 9�'
 C� ���&/

9$ �+�D��)s.(	�8<�/ L8�� 	
 C8��
 	�(8+ *
� .+�� 
	&  	


.�/ �  	�8<�/ L8�� E�8<�� *�8 
 	
 C8� ���8n�" 
� �Z$ *�&/ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

��X 

�3@J.8�/�9: �,0� � 
"^@" � �,0� � Ac�	B� A���,� � 3
@,�� �� �%� �� ���" $�45� 
	� 

C��
 
��5<�)L/	���+ 	
 (B��  ��  	
 CD&G 
��@/CD&G 	
 C��
 
��@/C��
 	�(+ *
�)4�$( e�/&�% 

������ C����� ������ C����� ������ C����� ������ C����� 

�51  c��X/�c6�6/�c7/�-7 b�/��� bg/��� bcX/��� b67./�b�6/�

K-C-M.2 bc���/�ab7��/�d�/��7 c7/��� ag/�6� ag/�g� agg/�ag�/�

K-C-M.4 a6�6/�ag6X/�a7/��� a�/-�g b-/��6 cX/�X7 b��/�b��/�

K-C-M.6 bc�6�/�bc�7�/�bc�/�6- b�/��X b�/�X� b7/�6g b�6/�b�g/�

K-C-M.9 ab-�6/�ag-�/�b�/��� bg/��g bX/��g b6/�6� ag�/�ag�/�

#��� L���@  2��Z/ ��	�
 �\	
 x�W E�<��� ^0� 	
 L���
 *& 
" |��� �� *&�� �+ 	
 C���  O��� ��	�
 ��+ �<� 	�
 �D��.

CV5$ �G�� �+C8��
 *�8D �8W C5��  � ��
&� ��D ����)� �
�$

 �" 	
 �, E&5� 9���/ 
&� ��D o��D 98�'
 C8� 4��8����" ��8+

 / �.�8/ a���D 	
 L����&��� *& 	&+ .+�� �81 ��Ip8/ 	��8J 

��� C�)�� .+�� C��
 *
� 9�Q���W � C�)�$)s.(

C85��  	
 .�/ E�<�� a���D 	
 C��
 
��5<� .+�� *�(� 

 � C��
 *�D�W K8+ L�8�M C85��  �
 	
 .�8/ E�8<�� 	�8<�/ 	
 

	&8,y C5��  	
 .�/ 	�<�/ �� CQ��3  	
 C��
 *�D�W � ����	

 
&� ��<� CD&G .*�	�8�<+ � �5�	�����  �8�
�� Y	�(8$ (8��

 
	�
 :" 
&8;<� C� ���<� ����Q� C��
 *�D�W C5��  .�
 	


 9���8/ 
� d8W ���8G .�8/ C� ���n�" 
� 	&�b  .�/ 	�<�/

 �8�� ��D E�<�� �5\� CJ�� CD&G 	
 C��
 .+�8� 
&8�� �8� �

�C8D&G 	
 C8��
 
��@/ .+�� � C/&� 	
 CD&G 
��@/ C8��
 *
�

 ����� �1/��Ip/ 	��J �8�� C8�)�$)tq(.	
 *�	�8�<+ � �5��8�

C@'�0  a���8D 	
 ��8�	���  *
	� C8��
 �D	 ��@[� ��	 ��

 d8W �	���" B0J C� ��
�
 *��� :&50  �	���" � ���G .�/

 *
� �C��
 *�D�W �0G C5��  .+�� m��F 
� �CD&G 	&,y 
�

 �	 C��
 ���,�vw
�
 .+�� �\	
 )q(.

� C8��� B��  ��  	
 CD&G 
��@/ 
	&  	
 L8�� C8�&/ H8'�

 	
 .�8/ E�8<�� a���D 	
 
��5<� ��(�� 
� T(� L�� C� ���

 � *��� �	 .+�� *�(�  L������ C��
 *�D�W C5��  �+
)C8�;'�

 ��@  ������ 	
 a3) .+�� *�(�  ��� �
&� 	�
 .(�8 � L�� ���D

 .�/ E�<�� 
� C5��  L�� 	
 C� �D�� L�� 9�'
 C�)C8� C8�&/ ��

L�� � 
 	��@  C� �58\� CJ�8� ���%&8'&�) 9���  �.�/ E�<�� *

��� �
&� (Cn�W C� � C8D&G 9���/ C5��  C� 
�	� E�� 	
 �+

 �
&� *" 9 ��/ � C�8D�b$ CD&G 9���/ ��	 ��&� �I� .�/ ���

 �8�� ��8D B��  ��  	
 CD&G 
��@/ .+�� H;� .C8� ���8 


 
��8@/ �8D E�8<�� C8��
 *�8D�W � ��8��	 C5��  �
 	
 .�/

 	
 CD&G �1/ B��  ��  ��Ip/ �)�#� 	��J .L�� C� � � L�� ���D

 C� �D�� 9�'
 2�D 	
 .�/ E�<�� �
���� C� C5��  L�� �
&;� ��

 CD&G ��	�
 _��@� C� ���+ Cn�W 9���/ �� ���&�� C��8  ��&8D

 
	�b#� ��&� �I� .E��8� 	
 C8� C8�&$ *�8<+vC8]�!  (8�� 

�  :" *�(�  L������ .�/ 	�<�/ L�� 
&D ��8+	�<�/ L�8� 	
 �	 

��� �
&<� �)��	
 .�/ .

e�/&�% C88Q��3  � *��� �'&8<@  *
	� i5�A  ��+ �+


 e�/&�% C���+K-C-M.4 �K-C-M.9 � C��
 
��5<� L������ 


	�
 �	 C88��
 
�88�5<� L��88�<� �8851  e88�/&�%)E��88�6.(�88�

 � 
��5<� ��(�� ��	�� 
�8�5<� *
&� K� �5� �)��	
 *�&/

&�% 
��5<� T(� C� �+ *
&� K� ��51  e�/)	
 C8D&G 
��@/

 C��
 	�(+ *
� � CD&G 	
 C��
 
��@/ �B��  ��  (�8�� .L�8� 	


e�/&�% e8�/&�% ��+K-C-M.2 � C8D&G 	
 C8��
 
��8@/ ��	�
 

e�/&�% ���� 
� ������ C��
 	�(+ *
� C8D&G 
��8@/ � � �
&� �+

 e8�/&�% ���8� 
� ��<� *" B��  ��  	
 8+
&8� �.�85� B8J�� 	


 e�/&�% *
&� E&P1 �W �5\�K-C-M.4 C8D&G 
��8@/ L�D�
 

��� B��  ��  	
 ����� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


,�-./�0�1 2
/ 3!� $�45� 67",� �� � � �,0� � ,� �" ��	?4�" ���	 ... 

��� 

��3@ L.A���,� � 3
@,�� ABS
� �� �� �%� �� ���" �,0� � 
"^@" � �,0� � Ac�	B� 

C30�  C��
 
��5<� 

)L/	���+ 	
(

CD&G 
��@/ 

B��  ��  	
 

C��
 
��@/ 

CD&G 	
 

	�(+ *
�C��
 

)4�$(

������ b��X/�b�/�6� b�/�X6 a7X/�

C����� a7��/�a6/�7� a7/�-� a7�/�

L�#���  *& 
" |��� �� *&�� �+ 	
 C���  O��� ��	�
 ��+FE�<��� ^0� 	
 ���@  2��Z/ ��	�
 �\	
 �<� 	�
 ��D��.

CD&G 
��@/ �C��
 
��5<� ��	 e�/&�% � �	���" 9��3�  �I�

 
&� 	�
 ��@  CD&G 	
 C��
 
��@/ � B��  ��  	
)C�(n/ E���

 ��� ���� �
�
 *��� d���	�� .( e8�/&�% ��@8[� �8�	�� �8� 

K-C-M.4 �	�8��" i85�A  a���D 	
 )�
	�" C8F&��  E���8�

 ��� ���� (� 8/ a���8D 	
 �	 e8�/&�% L�� *�&/ *��8� � .�

 E&P1 �W *�&�� C� .�/ m8��F 
� C� 
�� �)�@  e�/&�% L��/

 ����8�� C8��
 
�8�5<� �B8��  �8�  	
 ����� CD&G 
��@/ ��'&/

�  ��'&/ ��� .

	&,y C5��  	
 .�/ E�<�� a���D 	
 C� ��� ��N C� 4
`

 �8 � �
�8� �8�'&/ �	 C8��
 
��5<� L������ �51  e�/&�% CD&G

 � O!�G� *�(�  �8�@  C�8���� 	
 a3) 
��5< 
&8� 	�
)E��8�

 �8�� ���8� �
�
 *��8� CF&��  .(
�8�5<� *
&8� ���8�� �85�

 
&8� C8D&G 	
 ���8�� C8��
 
��8@/ �8�'&/ ��51  e�/&�% .L8��

 �	 ���G C� e�/&�% L�� ����� 9<1/ o&[&  �  ��8M ����8�	

 98�'
 C8� �C8D&G 	&8,y C85��  	
 .�8/ E�<�� a���D 	
 C�

) *
&� |�Q���
�8�5<� ��(8�� 
� T(8� L�� �C��
 9���/ ���

 �1/ �(�� ���� 
� �������Ip/� 	��J 
��$.

� C�8���� C830�  �
 	
 *" ��(�� � C��
 
��5<� CQ��3 

 �,�&/ 9��J *�(�  C� C����� 
��5<� L�#���  
�
 *��� ������

 
&� ������ 
� �����)E��� �(.E�� C�	
 	
 �+
��5<� 2��Z/

&��  C8F&��  4�
 C8�	
 	
 � CD&G 	
 C��
 
��@/ 2��Z/ C� �


&� B��  ��  	
 CD&G 
��@/ C�.�
 
��5<� 2��Z/ �5\� �5�

 9\�� � �	���" :" ��Z�� 2��Z/ 	
 ���� �	 C30�  U�G �(�G

�Q��
 .EC H8�/�/ C8� C����� � ������ 	
 :" 6X/����/�

�� d�<�
 �5� ����� ��  
&8� .K8+ L�8�M �(8�  �K�8���W �2
� *

98��J *�(�  C� C����� C30�  U�G 	
 :b� 9��J (�#�  � �ZQ)

 
&� ������ 
� ����� �,�&/)E����.(

=(=> �" ��	?4�" ���	� 

��@  	&F C� :" 
� �
�Z��� �

�� �1/ �	�
��Ip/ 	��8J .�8/ 

C�)�$)��� ���� �
�
 *��� d���	�� C�(n/ E���(.+�� �

�)��)E���7.(�8�� K�+�)�-(�	�8 &� �)�6(Y	�(8$ (8��

 .+�8� ���8G .�8/ �I� �� *
	� :" 
� �
�Z��� �

�� ��
��

�  ���� .�" .�� 
" 	
 �, �8I� �� ��D 
�n�� C��
 
��5<� .+��

 :" 
� �
�Z��� �

�� �b' �
&� :" O�P  .+�� 
� ����� .�/

 �)�� .+�� .�I� �� :" 
� �
�Z��� �

�� .+�� *�(�  L������

 �

�8� *" 	
 C8� 
�
 �	 C8D&G 	&8,y C5��  	
 .�/ E�<��

 C����� � ������ 	
 :" 
� �
�Z��� �+�D C� �;Q� H8�/�/ C�

X/-��6/-7�)�� .+�� �\	
 .*�<+ �<Q8J 	
 C8� C8�&$

 L��8�<� C8D&G 	&8,y C85��  	
 .�8/ 	�8<�/ �8D *��� 9;J

 �D�
 (�� �	 C��
 
��5<� .� 
� C5��  L�� C� ���n�" 
� 98��

 :" 
&8;<� C8� �;Q8� C5��  L��/ |�Q� ��D	 �8  �8D��

 C��
 
��5<� ��	 ��&� �I� *" 	
 .�/ E�<�� �8  
	�b8$ .	


:" 
� �
�Z�8�� �

�8� C;8��1  E&8 �) C8� C�&/ �� �'�� L��

)��D O�P  :" C� C��
 
��5<� �;Q� (.+�� C� ���n�" 
�

 

�8� ��8�� ��8D O�P8  :" .+�� 
� ����� C��
 
��5<� �

.+�8� :" 
� �
�Z��� �8  �8��� .*�	�8�<+ � U��8�)�((8��

 _̀ &<@  C� ��
�� Y	�($ 	�8� �8� K� ��+
��5<� �O�P8  ��

 ���Q+ ���<+ K� :" .K8+ L�8�M *�	�8�<+ � �8�	 )��(*�8��

 a���8D 	
 C8��
 
�8�5<� ���� :" 
� �
�Z��� �

�� C� ��
�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

��� 

��3@+.	� ,� 3!� $�45� 67",� �� �0�1 2
/ ,-" A���,� � 3
@,�� �� �%� �� ���" U!"�,� b1	! � => �" ��	?4�" ��� 

	�<�/ 
:" 
� �
�Z��� �

�� 

):" ���' �� C��
 4�$(C/&� 	
 CD&G �D�
�� SG�DCD&G 	
 C��
 �D�
�� SG�DC/&� 	
 C��
 �D�
�� SG�D

������ C����� ������ C����� ������ C����� ������ C����� 

�� �+�D.�/ *� a���/Xa�g�/Xa�/-7a�/-7aX/��a-/�-a�/��a�/��

����	 C5��  	
 .�/ a�g�/Xa���/Xa�/-7ag/-7a-/6�a�/��a�/�gabg/��

CD&G 	&,y C5��  	
 .�/ c��-/Xc�g�/Xc6/-XbX/-�c�/-7c6/6Xd�/��d�/��

C��
 *�D�W C5��  	
 .�/ bc�6�/Xb�-�/XbX/--a�/-�b7/6�b�/67c�/�6cg/�7

.�/C5�� 	
 ����	 C��
 *�D�W� ab�g6/Xab���/Xag/-�a7/-7b-/6-b�/6gb�/��bc�/�g

L�#���  ��@  2��Z/ ��	�
 �\	
 x�W E�<��� ^0� 	
 L���
 *& 
" |��� �� *&�� �+ 	
 C���  O��� ��	�
 ��+ �<� 	�
 �D��.

��3@l.Ac�	B� ���	� ��	?4�" � => �" 8�/�9: U!"�,� b1	! �� ���,< ���" $�45� 
	� 3
@,�� A���,� �

e�/&�% :" 
� �
�Z��� �

�� 

):" ���' �� C��
 4�$(C/&� 	
 CD&G �D�
�� SG�DCD&G 	
 C��
 �D�
�� SG�DC/&� 	
 C��
 �D�
�� SG�D

������ C����� ������ �C���� ������ C����� ������ C����� 

�51  c�6�/Xc��g/Xb�/--a�/-6bg/6�c-/66b�/�-b�/��

K-C-M.2 b���/Xab��X/Xab6/-6a�/-�ab�/66b�/6ga6/��aX/�g

K-C-M.4 a�g7/Xa�76/Xa�/-�a�/-7a�/6�ag/6�a-/�7a�/��

K-C-M.6 b���/Xbc�-7/Xab�/-6a�/-�a6/67b7/6gaX/�7aX/�g

K-C-M.9 a�g�/Xa�7�/Xab6/-6aX/-�aX/6�ab6/6�a7/��a6/�g

L�#���  ��@  2��Z/ ��	�
 �\	
 x�W E�<��� ^0� 	
 L���
 *& 
" |��� �� *&�� �+ 	
 C���  O��� ��	�
 ��+ �<� 	�
 �D��.

C5��  	
 .�/ E�<��9$�+
 9���  	
 .�/ E�<�� C� �;Q� 

��#�
�)�� .+�� ����� .


&8�� �8� C8��
 *�D�W � ����	 C5��  �
 	
 .�/ E�<��

L�� C8� �	 C��
 
��5<� C��8�@  	&8F �8I� �8 � �
�
 .+�8� �	�


��@  �D��� :" 
� �
�Z��� �

�� ��	 �	�
 .L8�� C8� �8 � L8��

 �
 Ob� 9�'
 C� 	�<�/ L�� 	
 C� ��� 9�'
 :" *�(8�  ��	���" 

��� �
&� �+	�<�/ ���� 
� ��<� �)�P )E���v(C8M�$� �b8' �

:" 
� �
�Z�88�� �

�88� C;88��1  �Q88� 2	&88\)
�88�5<� �88�@�

C��
(O�P8  98�'
 C8� �8 � ���� C�)�� .+�� .�/ E�<�� �I� ��

 ��<� :"��Q� ��A  )��D �
�
 :" (�8�� C8�)�� .+�8� (�� .

" 
� �
�Z��� �

�� L������� C8� 	�8<�/ L8�� 	
 :�8�@  	&8F �	�


 �1/��Ip/��� C�)�#� 	��J .�/ .

e�/&�% L�� 	
 e8�/&�% �
 �i5�A  ��+K–C-M.4 �K-

C-M.9 �

�8� L����8�� ��	�
 ���8D�
 ������ C��
 
��5<� C� 

��
&� (�� �
�Z���)E���g(H���[K+�#�Q8� �Z8\ �
 L8�� 

�8�@  	��Q8� � �8;}  (�� �8�� 	�
)E��8� ���.(K8+ L�8�M 

L��8�<� ��	�
 �D�
 �	 C��
 
��5<� L���<� C� �51  e�/&�%

 
&� (�� :" 
� �
�Z��� �

�� .*�(8�  C� ��� 9�'
 L�� C� � � L��

 e�/&�% C� ��D �
�
 :" i5�A  ��+)�

�� C;��1  �Q� ��A 

 :" 
� �
�Z��� (��� �
&� *�Q�� .*�(�  C� ��� �,��� L�������


�Z��� �

��_! �� :" 
� �
	�
 C��
 
��5<� C� �#�Q� .

88�� �

�8� C88� �&8��  
��88�� CQ8��3 Z�:" 
� �
� � �88����� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


,�-./�0�1 2
/ 3!� $�45� 67",� �� � � �,0� � ,� �" ��	?4�" ���	 ... 

��- 

��3@*.A���,� � 3
@,�� ABS
� �� �� �%� �� ���" U!"�,� b1	! � => �" ��	?4�" ���	� Ac�	B� 

C30�  
WUE 

):" ���' �� C��
 4�$(HIC/&� 	
 CD&G HICD&G 	
 C��
 HIC��
 C/&� 	
 

������ b�7�/Xa-/-6b7/66b6/��

C����� a�6�/Xa�/-�ag/6gaX/�g

L�#���  *& 
" |��� �� *&�� �+ 	
 C���  O��� ��	�
 ��+FE�<��� ^0� 	
 ���@  2��Z/ ��	�
 �\	
 �<� 	�
 ��D��.

��3@m.�� W�",n 3
@,�� �� $�45� T	?R �d4c� 


��5<� CD&G 
��@/


B��  ��  	

C��
 
��@/ 

CD&G 	
 

	�(+ *
� 

C��
 

�
�Z��� �

��

:" 
� 

HI CD&G 

C/&� 	
 

HI C��
 

CD&G 	
 

HI C��
 

C/&� 	
 

�.
��5<� �

�.B��  ��  	
 CD&G 
��@/ **-g�/X�

-.CD&G 	
 C��
 
��@/ **��g/X*��7/X{�

6.C��
 	�(+ *
� **���/Xns X�g/X{ns �XX/X�

�.:" 
� �
�Z��� �

�� **�76/X**66�/X**�6g/X**���/X�

7.HI C/&� 	
 CD&G **gX�/X*�7�/X**6�-/X**6X�/X**7�X/X�

g.HI C��
CD&G 	
 **�--/Xns �X6/X**6�g/X**76-/X**g��/X**77�/X�

�.HIC/&� 	
 C��
 **�6-/X*�-�/X**6�7/X**7�X/X**g�6/X**�-�/X**���/X�

ns :K+�Q�� 	�
 ��@  �#�Q�.*:K+^0� 	
 �#�Q��%��@  ��� 	�
.** :K+^0� 	
 �#�Q��%��@  ��� 	�
.

C����� )E���s(�
 L8�� C8��
 
�8�5<� C8� �&8��  
��8�� ��

 C30� )E���w(*��� �Z�8�� �

�� 2��Z/ C� ��� L�� ���+
 �


 ��� C��
 
��5<� 2��Z/ 
� ����� C30�  �
 L�� :" 
� .� � L��

 
�8�5<� C�8���� C830�  	
 O�F R� 
� C� ��� 9�'
 L�� C�

��� ����� C��
)�8D *�8�� 98;J �<Q8J 	
 � � L�� �5� (
� �

C����� C30�  	
 R��/ 
� ��A;/ K� ��
�3  9�'
 C� �#�
 O�F

 � *
	� ���� ��D C;��1  ��" 
��� ��D �
�
 :" 	��3  Cn��� 	
 

�8  �8����� 
� ��<� C30�  L�� 	
 �+	�<�/ C��8D��)E��8�v.(

�D�� ����� :" 
� �
�Z��� �

�� 2��Z/ C� ��� �,��� L�������.

o(U!"�,� b1	! 

��@  	&F C� i5�A  ��(�� �D�
�� SG�D �1/ �	�
 ��Ip8/ 

�)�$ 	��J ���G .�/)*��8� d��8�	�� C8�(n/ E��8� �
�


 ��� ���� .(	�8<�/ � L����8�� ��	�
 .�8/ *��8� �+�D 	�<�/

 �8D�
�� SG�8D L��8�<� ��	�
 CD&G 	&,y C5��  	
 .�/

 
&�)E����.(K8+ C8M�$� CD&G 	&,y C5��  	
 .�/ E�<��

 	
 C��
 �D�
�� SG�D K+ � C/&� 	
 CD&G �D�
�� SG�D

 C8��
 �D�
�� SG�D .+�� *�(�  � � �
�
 .+�� �	 CD&G 	
 


&� ����� CD&G .�C85��  L8�� 	
 .�8/ E�8<�� B8J�� 	
 ��@�

 C� CD&G 9G�
 
� 
�&  E�3��� CV5$ 
� 
�&8  E�83��� 
� ���8�� �	

 �1/ CD&G C� C/&���Ip/ ��� �
�
 	��J .98�'
 L8�� C8� � � L��

 .�/ E�<�� a���D 	
 C� ��� C8D&G 	&8,y C85��  	
 *
� �

CD&G ���<�G�� ��(��)
&G �D	 C�
� 9;J �	 9$�+
 98 �� 

�  ����(�1/��Ip/ �<� 	��J .�/ C8��
 �85� *
� � � �
��$ ��8+

 CV5$ *���  K�3� 9�'
 C� CD&G C� C��
 *�D�W .+�� � �+ 	&8F

 � .+�� ��Ic  ����)�.(C8� L8�� C8� �8�� �	�"
�� C� 4
` 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

��6 

��3@(p.�� W�",n A���,� �� $�45� T	?R �d4c� 


��5<� CD&G 
��@/	
 

B��  ��  

	
 C��
 
��@/

CD&G 

	�(+ *
�

C��
 

�
�Z��� �

��

:" 
� 

HI CD&G 

C/&� 	
 

HI 	
 C��
 

CD&G 

HI 	
 C��
 

C/&� 

�.
��5<� �

�.B��  ��  	
 CD&G 
��@/ ns X7X/X{�

-.CD&G 	
 C��
 
��@/ **g�-/X**��7/X{�

6.C��
 	�(+ *
� **7��/Xns ���/X{**--�/X�

�.:" 
� �
�Z��� �

�� **�6-/Xns X6�/X{**gX�/X**��6/X�

7.HI C/&� 	
 CD&G **�76/Xns X��/X{**6��/X**6-g/X**�67/X�

g.HI C��
CD&G 	
 **���/Xns X�7/X{**��g/X**7��/X**�XX/X**7X�/X�

�.HIC/&� 	
 C��
 **��-/Xns X�6/X{**�g�/X**7��/X**g�6/X**���/X**��X/X�

ns :K+�Q�� 	�
 ��@  �#�Q�.*:K+^0� 	
 �#�Q��%��@  ��� 	�
.**:K+^0� 	
 �#�Q��%��@  ��� 	�
.

	
 C8� 
	�
 �#��8�� �8� �8��
(� ��;/	� �D�
�� SG�D T(�

 H���[K+�#�Q�)E��� ���X(��� SA�  ��&G C�.L�� 

�  ��;/	� 
�8�$ 	��8J �8]� �  ��!\� ��+	�� 	
 �Q��� .C8�

 4���� 
� 
�&  E�3��� �$
�j�,� �$� E�}  *�&�� C8� ���$ ����	 ��+

 �8+
 .��()� �	 CD&G)	
 C8D&G �8D�
�� SG�8D .��(8)�

C/&� (�8  
&8G ��'�@) ��"	�� .��()� 	&]�  C�C8�&/ �Q8���

 4��8�� 	
 
�&  L�� C� �D�� C�D�
 	 ��8+ ��8�GN C8D&G ��8��

 	
 C��
 �D�
�� SG�D m��F L�� 
� � C�)	 C��
 C� C�5� �
&��

 ���� 
&;,� (�� CD&G .�D�
�� SG�D C� ��� 2	&\ L�� 	


 9\�� C� C/&� 	
 C��
 � C/&� 	
 CD&G �D�
�� SG�D :�[

 C� ���� CD&G 	
 C��
 �D�
�� SG�D C8]�!  98��J 	&F ��

�)�� �+�&G .��()�.

E�<�� 
�8�5<� �� C� ����	 C5��  	
 .�/ ��Ip8/ C�8D��� 

���)E����(�81/ (8�� �	 i5�A  ��(�� �D�
�� SG�D 

��Ip/��� �
��� 	��J )E���w(.

� CD&G 	
 C��
 �D�
�� SG�D ��	 e�/&�% �I� SG�D

 �D�
�� 
&8� 	�
 �8�@  C/&� 	
 C��
)d��8�	�� C8�(n/ E��8�

 ��� ���� �
�
 *���(.% o&<n  	
 e�/&�K-C-M.4 L����8�� 

SG�88D 2��88Z/ C88M�$� ��88�� C�88D�
 �	 �88D�
�� SG�88D

 L8�� C8/&� 	
 C8��
 �8D�
�� SG�D � C/&� 	
 CD&G �D�
��

 �8�@  �8#�
 ��8D f!8\� e8�/&�% C8� �� e�/&�% �Q8�� 	�
 .

	
 C8D&G �8D�
�� SG�8D L���<� ��	�
 C� �51  e�/&�%

 ��8�<� �
&8� CD&G 	
 C��
 �D�
�� SG�D � C/&� SG�8D L

�D�
 (�� �	 C/&� 	
 C��
 �D�
�� .�8D�� �8n�" 
� o&8[&  L��

�  _̀ &8<@  ��!8\� ��8+	�� 4�n�� C� 
&D �8� E�� C8�	
 	
 

�8  2	&8\ �8D�
�� SG�8D .��(8)� O�+ 
�8�$)w(	
 �

��� C�)�#� 4�n�� *" ��	 ��!\� 	�� C� �51  e�/&�% (8��

 C��
 � ����
 ��+	��G�� C� 
�&  
� �<� .A� 93��  � �&D��

��� ��<� *" �D�
�� SG�D �b'.

a���8D 	
 �851  e�/&�% C/&� 	
 CD&G �D�
�� SG�D

 	
 .�/ E�<�� � ����	 C5��  	
 .�/ E�<�� �:&50  �	���"

 ���8� C8/&� 	
 C8D&G �8D�
�� SG�D �� CD&G 	&,y C5�� 

e�/&�% �8�@  2��Z/ �+ �8D��� �	�
)�
	�" C8F&��  E���8�

 ��� ����(.��8D E�8<�� C8��
 *�D�W C5��  	
 .�/ ��J� � �

 	&88F C88� �8851  e88�/&�% 	
 �88D�
�� SG�88D 
� T(88� L88��

��@  e�/&�% ���� 
� ��<� �	�
 �D �+ .o&8[&  L�� C� C�&/ ��

�  
� 
�&8  E�83��� 	
 ���;� �51  e�/&�% o&<n  	
 �Z$ *�&/

 K8� �85� � �8D�� C�D�
 �5��  CD&G C� C/&� ����	 ��(��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


,�-./�0�1 2
/ 3!� $�45� 67",� �� � � �,0� � ,� �" ��	?4�" ���	 ... 

��� 

�<Q8J C8� �8�� L8�� *" C/&� 	
 C��
 �D�
�� SG�D *
&�

 C8D&G ��8��	 ��(8�� 	
 CD&G C� ��D 93��  
�&  
� �
��


�J�� 93��  C��
 C� � ����  �<� 
&D .�58\� �85� B8J�� 	
 ��@�

 *
&8� K� �51  e�/&�% C/&� 	
 C��
 �D�
�� SG�D *
&� K�

��� *" CD&G 	
 C��
 �D�
�� SG�D.

3  � ��	�� i85�A  ��(�� �D�
�� SG�D CQ�� L�8� �


 C30� )E���s(*��� 2��Z/ ��<� �<QJ C� ��� L�� ���+


 C8� �&8��  C����� � ������ L�� C/&� 	
 C��
 �D�
�� SG�D

 �8�� C�8���� 	
 CD&G 	
 C��
 �D�
�� SG�D *
&� ����� .

*�<+ � � ��+��  E��� L�� 	
 C� C�&$ �  SG�D 2��Z/ 
&D

 � �D�
���Q�� 
��
 C30�  �
 L� .2��8Z/ *
&� 
��
 C� C�&/ ��

 �<� C����� � ������ L�� C��
 
��5<� SG�8D *
&� 
��
 *�&/

 *
&8� 
�8�
 98 �� ���,�/ C� �	 C����� 	
 C/&� 	
 C��
 �D�
��

 �Q��
 C30�  L�� 	
 C��
 
��5<� .C8��
 
�8�5<� C� ���n�" 
�

9\�� � C/&� 	
 C��
 �D�
�� SG�D :�[ |�8 &�� 
��5<� 

�  C� ��#�
 9 �� L������� ��� L�� 	
 ���&/ �8D�� f�80  �8�

 ��� C����� 	
 |� &�� 
��5<� *
&� �����)C8� �&��  
����

��� ���� �
	�" |� &��.(

B<� R� 	
 �8  �8Z$ �8��� �85� ���� 	
 �8J
 �8� *�&8/

C ���� 9���  9}  9���  �G�� 	
 �	���" Ob� � �	���" �(�	

�
�
 .��()� �	 :" 
� �
�Z��� �

�� ��D	 C�'�..��8 
" 	���/ �� 

�
��5<� �	����W 2	&\ 	
 E�� 	
 �  ��8+ e�/&�% *�&/K-

C-M.4 �K-C-M.9
�� C�\&/ C30�  ���� �	 .


�"^d�	V� 

E�8,� C8�,/ � f!\� �2�3�31/ CQ�c  �	��<+ 
� C5��� L���

 e�/&�% 	b� L� p/ 9�'
 C� 	b� �� ��+ � ��8D f!\ K8+ L�8�M 

���8� � �8����� �
	���8� 2�83�31/ ��#�Q8�� 4��1  *���	��

 &81� �+ C� C� �
��)� �8�
&<� K+��8) �	 f�8F ���8�� *�8� �

K�	�(#����.

��	
� ���� ��	?4�" 

�.� ����� �� .�-g� ..�/ ��<+� ���	
 	
 �0�1  ��+ .�;� f!8\� � �8��	
 ��8#�� L�8'�� ���5� 2`�3  C�&<n  8/ *��8�� 2��

�
	���� ������
�*��,/ ��#���
 �C1Z\ �g�{��g.

�. ��� ����� .o �.��M&� .�-g� .C;�� K�
 ���	
 ���%&'&�(�) ��+)C<��/ .(�+�#���
 
�,� 2�	�������,�  .

-.� ��
�(�5� .�-g� .K�Q�� ����F E&\� �	���" ��+)C<��/ .(�&[	 |�J *���" 2�	�������,�  .

6.f �a�	� �<y��.�-g6 .�\&PG ���	
.E�� �5� :2!k .�+�#���
 ��� (�� *��,/ �.

5. Bidinger, F. R., S. Chandra and V. Mahalakshmi. 1999. Genetic improvement of tolerance to terminal drought stress 
in pearl millet (Pennisetum glaucum (L.) R. Br.).PP: 59 –64. In: J. M. Ribaut and D. Poland (Eds.), Molecular 
approaches for the genetic improvement of cereals for stable production in water- limited environments (fnal 
report). A strategic planning workshop, held at CIMMYT, El Batan, Mexico, 21-25 June 1999.  

6. Bieler, P., L. K. Fussell and F. R. Bidinger. 1993. Grain growth of Pennisetum glaucum (L.) R. Br. under well- 
watered and drought- stressed conditions. Field Crops Res. 31: 41-54. 

7. Boyer, J. S. 1996. Advances in drought tolerance in plants. Adv. Agron. 56:187-217. 
8. Bradford, K. J. 1994. Water stress and the water relations of seed development: A critical review. Crop Sci. 34:  

1-11.  
9. Bruck, H., W. A. Payne and B. Sattelmacher. 2000. Effect of phosphorus and water supply on yield, transpirational 

water use efficiency, and carbon isotope discrimination of pearl millet. Crop Sci. 40: 120-125. 
10. Dwyer, L. M., Stewart and M. Tollenaar. 1992. Analysis of maize leaf photosynthesis under drought. Can. J. Plant 

Sci. 72: 477-481. 
11. Fussell, L. K., F. R. Bidinger and P. Bieler. 1991. Crop physiology and breeding for drought tolerance: research and 

development. Field Crops Res. 27: 183-199. 
12. Fussell, L. K. and C. J. Pearson. 1978. Course of grain development and its relationship to black region appearance 

in Pennisetum americanum. Field Crops Res. 1: 21-31. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

��7 

13. Ibrahim Y. M., Marcarian, V. and A. K. Dobrenz. 1995. Pearl millet response to different irrigation water levels: II. 
Porometer parameters, photosynthesis, and water use efficiency. Emirates J. Agric. Sci. 7: 20-38  

14. Kumari, S. 1988. The effects of soil moisture stress on the development and yield of millet. Agron. J. 57: 480- 487. 
15. Mahalakshmi, V. and F. R. Bidinger. 1985. Flowering response of pearl millet to water stress during panicle 

development. Annal. Appl. Biol. 106: 571-578. 
16. Mastrorilli, M., N. Katerji and G. Rana. 1995. Water use efficiency and stress on grain sorghum at different 

reproductive stages. Agric. Water Manage. 28: 23-34. 
17. Nouri Maman, D. J. Lyon, S. C. Mason, T. D. Galusha and R. Higgins. 2003. Pearl millet and grain sorghum yield 

response to water supply in Nebraska. Agron. J. 95: 1618- 1624. 
18. Prasad, U. K., R. D. Pandey, P. K. Gupta and N. N. Sharma. 1986. Effect of irrigation on growth, water requirement, 

water use efficiency and yield of summer proso millet. Indian J. Agron. 31(3): 280-284. 
19. Reca, J., J. Roldan, M. Alcaide, R. Lopez, and E. Camacho. 2001. Optimisation model for water allocation in deficit 

irrigation systems. I. Description of the model. Agric. Water Manag. 48: 103-116.  
20. Richards, R. A., C. Lopez- Castaneda, H. Gomez- Macpherson and A. G. Condon. 1993. Improving the efficiency of 

water use by plant breeding and molecular biology. Irrig. Sci. 14: 93-104. 
21. Richards, R. a., G. J. Rebetzke, A. G. Condon and A. F. van Herwaarden. 2002. Breeding opportunities for 

increasing the efficiency of water use and crop yield in temperate cereals. Crop Sci. 42: 111- 121. 
22. Sadras, V. O. and S. P. Milroy. 1996. Soil- water thresholds for the responses of leaf expantion and gas exchange: A 

review. Field Crops Res. 47: 253-266. 
23. Shaw, R. H. 1988. Climate requirement. PP: 609-633. In: G. F. Sprague and J. W. Dudley (Eds.), Corn and Corn 

Improvement 3 rd ed., Agronomy Series: No. 18. ASA. Madison, Wisconsin, USA. 
24. Singh, B. R. and D. P. Singh. 1995. Agronomic and physiological responses of sorghum, maize and pearl millet to 

irrigation. Field Crops Res. 42: 57- 67. 
25. Stewart, J. I., R. D. Misra, W. O. Pruitt and R. M. Hagan. 1975. Irrigation corn and grain sorghum with a deficient 

water supply. Trans. ASAE. 18: 270-280. 
26. Yadav, R. S., C. T. Hash, F. R. Bidinger and C. J. Howarth. 1999. Identification and utilization of quantitative trait 

loci to improve terminal drought tolerance in pearl millet (Pennisetum glaucum (L.) R. Br.). PP: 108-114. In: J. 
M. Ribaut and D. Poland (Eds.), Molecular approaches for the genetic improvement of cereals for stable 
production in water- limited environments (fnal report). A strategic planning workshop, held at CIMMYT, El 
Batan, Mexico, 21-25 June. 

27. Yadav, O. P. and S. K. Bhatnagar. 2001. Evaluation of indices for identification of pearl millet cultivars adapted to 
stress and non- stress conditions. Field Crops Res. 70: 201-208. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
17

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-658-en.html
http://www.tcpdf.org

