
����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	�  ��	!")$%& (/�	()�� *+,- 

�� 

�./0�	� $�(1� 23�	4� �� �/
. 
&2� �5�2(�0 ��� � 
�	��6 76 
�	8(9& 
�	� :
�!� 

):;&2� :4<
� ��(

�	3=3=� >?@%&��&*�&�1�	A� 	B2��� C*����D 	B2��� CE�3	�3� ��8
� �+

�/�F" 

�/�� 
�	��6 76 ����� �� 7�)G� ��6 H�&�� �� �/0�&��	� >�	� I32D �� .� I3&2�	
� =�0 �6 H��9 :� �4�	
� �� K	L�81� 76 :
�!� M28

 �� �&29 ��8� �./0�	� 23�	4� 2�NOD HGD � H�& 
��2B / 	� �	3� �2�. .��&� ��	P�. :P3QRD �� 
/P��� ��P40 =�0 S	T �5�2(�0 .IP3& ��

 �� >�	  &� �5�2(�0 � 
�	��6 76 >�	� �� :� �/
. /�%�D ��	D �� / � >8� �&�	� U40 U��VW C��  2P� >�&�� I3& :
�!� 23�	4� XA� � ��&� 

�
G
� 
�	8(9& >��GD 
	
�� / I���D �	)F3 /�%�D 
	� .76 2�R(� �� >�	  �/
. /�%�D ��	D)/P � >8P� �&�	P� � 
�	P��6 76 Y�P�Z� (�

�5�2(�0)S	T :�%�& �5�2(�0 � 
�2��	� �5�2(�0 ��� Y��Z� (& ����VW [2� \3 ]3	(0 �& ��	@(�& 	� ��28� �P3� ^	4�4GD =�2� �� �/  &2_

 H�� �	� :� >��GD I3& �� � I���D C:;&2� .H�� >�	9 ��8G� :
���� C�/�6 H�� :� /�%�D ��	D `	�& 2� ��	3*E/,	P� :P� HP�& �	(F� �� ID 

M28�-a/*� 76 2(� *b+ ���� �� >L	c �5�2(�0 �2. ��  .76 H3��/G� d3&2  �� /�%�D >�&�� :
�!� e��2D I���D :P� �&� �	�0 I��� �

H��9 ��_� 	� �� �	�0 &� 
2(��� ^&2��RD �5�2(�0 	� :)3	4� �� /�%�D /
3&2� �� 2D2Nf� U40 >�%� :� 76 C>�	� �� 2� I�3	W 
	� /�� .I3& g��

 �2��	� C/ 	� ��&2� �� 	!06 
&2� :
3=� HT&�2W ^�/9 � ���� ��&2� /�%�D >�&�� 2.& >��GDhi/*� 76 2(� *bj �	P(F� �� �5�2(�0 �2. ����

 /  /�&�T �/
. H�� 23� k<� /c&� �� ��� I32(��� e)� :� 2Z
� .��M28� I�
"--a/j� 76 2(� *bj �	P(F� �� �5�2P(�0 �2.�P��� 

:�2L l�	� :
P���� ��8G� d3&2  :� HP�)0 :� �/  ��28� 76 �Zc /c&� 2� /�&�� I32(��� e)� e�� �3�_h/ahM28P� 
/PL�� 

� 76 ,*/E�� H�� 23� k<� �/  2�&2� ��  .� /�%�D �� >�	� I3& S/0& U40 2�	T :� ���Q� H%	c :� �� �5�2(�0 :
�!� 23�	4� �� ^�	@D

:0&�	3 H��9 H�& �6 I�3	W 
& .��H &Q. U3	�0 :� &� 76 >�	� 2� �/
. /�%�D /
3&2� 2(��� 
	FD& C:���D 2�)� ���2D I�
".

�5&� 
	� 
/��� :76
�	� :
�!� C�/
. C�5�2(�0 C

:�/4� 

���� �	
��
 
� ��� � ����� ����� ��� ��	 ! �����"!

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

-�	0' �(
� 	� ��� -�1 2� �0� 3	�4�4"� -	�5�	� � ���,&� �	6 

7.� ��
	��� �	
�� � �1
� +�	 1
	* 9�	� �&:)'�� #��/� 2��(
�	)* -�;)'��-	5)'��(�/�1 

<.2=�/! .�� 3	4�4"� �*/! +�>? �@�6 &A? 

B.(�/�1 -	5)'�� ��(
�	)* -�;)'�� ��(
�	)* �	C
D� 
	��	
�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             1 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


������ ��	
� � 
���	�� ��
� � ��� /�	���� /��	� ��	!" )$%& (/�	()�� *+,- 

�E 

���	� +D/� ��&* � �� �/C! �(	� .�	��'
�� 2�� F����
 
�

-/��0� � �/��$6�
 ��
 �G	��H � �� ��	�� ! (� 
�����	I �
��/���

JH	1 * ��� /KL! �� M �	6 .0! 2>�� (� 2%���� 	0'� %�/�

 ����� �(
�	�)�* 
� �&* � �� �/C! 2 �0� �&5,� %��$� �.

N��6	* #��$� FO�/��
�' 	� �� 
���4! 
� �&�$�* 2'&�P /�6

+�! Q&�C"! ��/�P)7S.(

U* (�7E����� �
&)* �(
�	)* +V�
� 
	
;6 F&�>�! �E

.�� �)* 2� F� �W
�)N�� 	�(���� �BX�* 2�� ��W
� �)

+��)N�� 	� (2�4� �)X�W
� (Y	� 2� �
�� Z	C�
H� -&�! �	6 .

���� /5�� �&� (�SE[&��/! 
&)�* +\/C! �� U* �W
� 

��� �	�
	\ �(
�	)* N]� 2�)�.(

-��? �
	��� �� �&$�* +�� �?�
( 
� -�'
��(	� U!	? %�/�

 +! �&^"! �&1.-� ���\ F�/"� U�,� 2� �������	� ! ���_�* �

�+�� ��� 2�&� F	�	1 �� �/C! �(	� 2 �0� .2�* +4`	� ! 
�

 �	� 
�� U��	D /��= F� 2� �0� �/C�! ��' ��� �	�( �� ���D

+! �1	�.
� ���,&� Q&C"! F�/* 2 �0� ��/� ��� ��
 %�� (� 

+4a ! �� /
�* 2M /6 �/C! ��(� ���� -�/�* -&>� .��/��

Q�! (� -�	_
�� �
	��� �� 2 �0� �� %���� ��
 � 	6 +��/:� b�c

�� �/C��! 3�/����d� �����&� � +��V	�
c�/��!� �/��;>�?

�	 
�� +! /��I	' �1	�)B.(

�d� 
� ����>* N4' FO�/�
�' /W	� ? (� � �
�� +�6	�P 2��

 +! 
	�1 2� F	6	�P ��/��� �
�/�V +�����= 
����4! /P� � ���

 +�! -	���P �1
 N�6	* e�?	� �1	�$' 2 ��0� G	H 
� F� �&�1

)f�<7�<B.((� 	�0 � 2' F� 3	_>� � ��	�&I G	H 
� FO�/
�'

 � �O/�'� ��&�* ����D �Q&C�"! �/�;>�? /��g' ��	C
D� /g'

 b��"! +��P�&��,� /���g' (� 2;�>�� ��� .��0! +'	^'� ��/�'

 �
�� 2���&�� 2�� (	����' .6 ���^�()X.(
� +���/
�' FO�/�
�'

 �� ���>�	D ��, � -�&� Q&>"! 
	�^� ��� � +�&�1 F�/�* -�&�,

 �
�� �
 �^�( b�"! .+�! -(��'� (� N�� �
	���� 2� /�: ! �'�&�

 �&��1 FO�/����
�' /�
)���� +�&�)����)��<h.(�&���$�* 2M/���P

 +��! i/�a�! +�����= /W	�� ? /�	��� (� N��� FO�/�
�' ��1	�

)E�7B�7E(2��W&� �0� #�	 ! � 9�D� ��
 2j�
� 	!� �	�6

 ' (& 6 +'O�/�
�' �	6�&* �
�� �/�
)��� 3	�4�4"� 2� (	�)7B.(

-�/
^P 
	�^� -�	_
�� FO�/
�' /V	� Q	� 
� -�	�! F�&� ? 2� ��

 ��6�&H /
)��� ���' -��� �� 
� F� ��/� 	�V	�4� � �
�� +�����=

 �1)77.(

+��! F	�)��' 3	4����4"� �&��* 2��� k	!&����? l���� P 2��* ���6�

 m;? FO�/��
�' +��! F	�)' +�&�H U���,� ��6�)7<�7��7��

7X �7f.(.6�&�* F�����! 2� +$�	� ! N� *�� -	��P %�� %� M

+�! (�/�� �
	����� �� � FO�/�
�' �6� .

�/��$*� � -�&]���	n�)<<(����,&� ��	��� /��� +P���'
	� /��K�

�/;>�?c�
	���� �� �(	�� 2� �0� 2� � +�
/� �
 +\/C! �� 

�� 
H��/I 2$ I � l� P Uo! +�p&C"! ��/� .� N6�q�I /�� 	�0'

 �&� �
	��� .* U�>"� r	�� .2�� r	��� %���6 /�� ���' +>�>"�

 2 �0� 
&g ! b�&� 3
s ��/� FO�/�
�' �&* � �
	��� �� �(	�

 -�&]�	n� � 	�
	I�'()<�(��� -�1 l	:'�.

N�4' ��� 2
\/P 3
&W l� P ��
 /� 2* N6�qI %�� 
�

 O�/�
�' � �� U�!	? �� 2�* ���,&� ��	� 
� �1
 UC\ F�
	� �
 F

+! U!	1 ��/�� FO�/
�' � �
	��� �� /��	4! mn� � �
�� ��&1

 ��� -�1 %���� 2 �)�� Q&C"! ��,&� .+ " ! 	� F� (� mI �	6

 F	^;� ��,&�(Iso-Quant) 2� �0� 2� �$^' � �� /��	�4! �(	��

 b��/��1 
� ����,&� t��>
]! /��	��4! ��/��� +\/C��! FO�/��
�'

 ��� -�1 3
�	$! %�!( � �� �����"! ..6(� +�$�*/� %�� M

 
� 2 �)�� #^* 2� /: ! 2* ��,&� U!�&?�� ua�� ����� 
� �!

 +�! �
	��� �� .:� ���� /� ��' ���� -��1 %����� �&�1 .
�

+� " ! ��
 ��,&� 2��&� /�^! ��' ��	0' F	^�;� ���,&� �	�6

��� -�1 .�
 .


2n0 ��L& 

(� 2�* +`	4' +�� 6 F	;! (� ��� 3
	$? F	^;� ��,&� + " !

�*/�#�
 ���,&� (� +
�	�K ��,&� 
��4! ���,&� U!�&? t>
]! �	6

 +! �&�� 2��
�� .#�*/� %�� /P� +� 	6 �
 +� " ! ���1	� ���	0'

 +! 2
�&�I 3
&W 2��/�* .�
 F�&� .+� " ! %��� �� ��
�� 	�6

 +! .0! ��W	H �1	� .F	�;!� U�,� %��6 2� � � 
^6 +,��' kp�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             2 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


�� �/
. 
&2� �5�2(�0 ��� � 
�	��6 76 
�	8(9& 
�	� :
�!� ...  

�X 

>F *.F3 /�%�D �
G
� �5�2(�0 � 76 /�%�D >�	� �� 	� ��8G� /�%�D ��	D 
&2� �	)(Y=f(w+R,N+Nr)) 

�
�� �&�� ��,&� U!�&? %�� + ��5�	� .� �1	� 2
��&�I /P� k	�'	K

 F	�;!� ��' +j�� 
	�^� 
��4! 2� ��,&� U!�&? %�� + �)'	� /���I

 ���)7h.(U;17��	� ��/� �
 +'	^;� ��,&� + " ! +,&C"!

 ? �� 2* �� U!	1 ��,&� U!	)�+P��'
	� � �
	���� v&:!w+R (

 FO�/
�' �)�+\/C�! � 2��,�� FO�/�
�' v&��:!N+Nr(�
�� �


{Y(kg/ha)=f(w+R,N+Nr)}+��! F	)��' ����6� .D������>a! 
��9

��������1���������� #�+������� " ! %(d(N+Nr)/d(w+R)) �
 

����'�����0' w/�+�	 ������,&� U����!�&? + �)����'	� (MRTS) 

)Marginal Rate of Technical Substitution (+��! � ��� !	'

 �(� 2�� ���,&� U!	? x� 
� 2* ��� +��/��d� �$^' (� 3
	$?�

+�! �&��� 2�� ���	K ��,&� b��/1 
� /5�� U!	? 
� /��d� ���� .

	�� +� " ! #�1 F�
�� ��� 2� �/$� ��
MRTS %��� 2�� 

���,&� ��	� U!	* 9�
)! ��
�� 2* ��� 3
&W)	�� %��� 
� 2�*

��� -/�d
! �� ��	� x� (+! %���� �&1:

)NN(dY)Rw(dY)]NN,Rw(Y[d rNNRwr r
+++=++ ++ [7]

m�I ����� ���	K ��,&� 
��4! �F	^;� ��,&� + " ! ��
 F&M

2:�
' 
� � -�&� /_W F� 9
)!:

)NN(/Y
)Rw(/Y

)Rw(d
)NN(dMRTS

r

r
+∂∂
+∂∂

−=
+
+

= [<]

9
)�! #���/� 2�� 2,�	�! %�� ���
 ��� z/]! � 3
&W 2*

O�/��
�' � �� 2��� �$^��' Q&C��"! ��	�������� F.2�� ��6 ��	��� 

(Cost Line)+! t�/�� /�( 3
&W 2� ��' �&1:

)Rw(P)NN(PC RwrNN r
+++= ++ [B]

F� 
� 2*Cua�� ����� 
� 2� ��6 /���/� )Rls/ha ( �PN+Nr �

Pw+R FO�/��
�' �����D #����/� 2��� )Rls/kg ( �� �)Rls/m-ha (

+! �1	� .2� ��6 bH 2,�	�! 2:�
' 
� 2
�1&' /��( 3
&�W 2��

+! �&1:

)Rw(
P
P

P
C)NN(

rr NN

Rw

NN
r +−=+

+

+

+
[�]

��� ��,&� U!�&? ���� x� ���D �$^' F	�6 bH %�� #�1 .

2 ��6 + ��! /��	4! ��(� 2�(C) �&��� F	^;� 2� ��6 bH x� �

�1�� �6�&H .� F	^�;� ���,&� +� " ! #��1 F�1 ��	^! 	�

 F	^;� 2 ��6 bH)U"! ���,&� +� " ! 	�� 2� ��6 b�H r	���

U;1 �F	^;� 7(��,&� (� ua� F� 
� ��,&� U!�&? 2 �0� /��	4! �

+! F	)' + " ! 2*�6�)2 ��6 F�1 2 ��* �0� (� (���� 2��

+! ��� .FO�/
�' � �� 2 �0� /��	4! 2$�	"! ��/� � 	
��
 %�� 
�

���4! x��� 
��2�� ��6 b��H #���1 �Q&C��"! ����,&� J])��! 


)2,�	�!�(Q&C�"! ���,&� ��	�� F	^�;� ���,&� + " ! #�1 	� 

)2,�	�!<(+! -��� 
�/D ��	^! �&1:

)NN(/Y
)Rw(/Y

P
P

rNN

Rw

r
+∂∂
+∂∂

=
+

+ [�]

#^�� /�� ��,&� ��	� �	6/�d
! (� +;� 2,�	�! %�� (� -�	_
�� 	�

+! 2$�	"! /5�� /�d
! ��/P:

)NN(f)Rw( r+=+ [E]

+! 2
1&' /�( 3
&W 2� ��,&� ��	� 2,�	�! ��	0' 
� ��&1:

)Rw(fY +=  [X]

%��! ��,&� ��(� 2� � 2,�	�! %�� 	� F& *�)Y(��/�� 2�* �
��4! 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             3 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


������ ��	
� � 
���	�� ��
� � ��� /�	���� /��	� ��	!" )$%& (/�	()�� *+,- 

�f 

��/_*.��6 76 23�	4��	� � 	��	��D �� 
�	 H�� $�(1� 
	� 

�
	��� 
	��� �)* Q	� �
	��� �� 
��4!)mm(

7h

I0 <h

Bh

7f�

I1 <77< 

Bff

77B< 
I2 <7f� 

B7BE 

77fh 
I3 <<�E 

B7f� 

(w+R) +! 2$�	"! 4! �&1����� 2 �0� 
�� .��	�� x��* 2��

 ��,&�(Y=f(w+R,N+Nr)) F���! 2 �0�(N+Nr)���� 2� ��' 

+! ��� .4! �� %���
�' � �� 
��� ��6 FO�/�2�! ���Q�	(C) 

'
���2�,�	�! �F� %����� (� mI 2* ��
� � -��1 J])�! 

 *�+! .��/� F	^;� ��,&� + " ! 
	 ��/P .�'�
 %�� 
�/;� 	�

#�*/�  �0� �	6�? 2�!�&��,&� U����&� /�^! � J])! ��2

D ��,&��H .�
 U�	 �&�� ��6�& .���,&� 2� ��6 ��
 %��� 	��

)2 ��6�FO�/
�' � �(��� 
��� ��* �)�* /��( ua� ��2

+! 1�aW� 2* �&������/1 k	�"! b��!( �������!	' %��� -�

1���� -�)S.(

x�� ��(� 2�� /
)��� �&� #^* ��� �����"! b��/1 
�

 +! /g'�! -�1 �/C! �� .:� ���� ��1	� ./�6 
� %��/�	� �

 ])! 
��4! 2�� /�: ! 2�* FO�/�
�' � �� (� +�$�*/� ���,&� J

���/�P -��1 �/C! �� .:� ���� ��(� 2� �&� 2 �)�� #^*

 +�! ���,&� (� ua�� F� 
� U!�&? F� 2 �0� /��	4! 
� 2�* ��1	�

 ���� .�0! �� ������"! b��/1)S(���' 9��4"� %��� 
� �

��� -�1 2$�	"!.

o�� � �&�� 	�

-��� 2'�� �/;>�? 2,	� 2� �	6 i/�` 2�� [&��/! F�$�� l�� P

 2=�/�! .��� 3	�4��4�"� �*/! 
� -�1 �/�� +)6�qI)7(2�0� �

���/P -�	_
�� �.u��a� 
	�0M U!	�1 N�	�!(� %��� �	6
	���

 �
	���)U!	* �
	����)I3(r	�� /� ��h���&`
 2�>]� �W
� 

r/
�� U�	D(�EEU!	* �
	��� �W
� )I2(�BB�
	���� ��W
� 

U��!	*)I1 (���� ��
	����� F�)I0(�Q����� 7(���&��* ua��� 

-
�� ���$ ! (� FO�/��
�' )�/_��WBh�Eh�Sh�7<hl/��P &��>�* 


	
;6 
� FO�/
�' (Q	�� 2� 3�! 2� 2* �&�)f7c7BXf (�/���

 ��� -�1 ./_^�\ �&�* l	�� -�/�6 2� FO�/
�' �&* (� +��')Bh


	
;6 
� J,	H /_^\ l/P&>�* (
� F� 2��4� � ��1	* F	!( 
�

/!�1 �/C! �
	0� 
� � -	�P +'( 2: I 2>�.

G	H �/6	{ +,	5M � 2�,�� FO�/
�' �2'p	� �
	� ���V�

 ��1 2���0� 2=�/�! .�� �(
�	)* 3	4�4"� -	5
^�� (� ��' 24a !

 
� 2*Q����)<�B(��� -���!�.
���4!E/B7+�>�! (� /��
!

 l�� Q	�� +P��'
	�)fhc7BXS(�
	� Q&C"! F���
 (� mI -�

 -�&�$' /KL�! ��,&� 
� ��, �-�)�' �
�� 3	$��	"! 
� %��/�	� � �

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             4 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


�� �/
. 
&2� �5�2(�0 ��� � 
�	��6 76 
�	8(9& 
�	� :
�!� ...  

�S 

��/_E.:;&2� �3� ^	4�4GD �	p()3& o�	� H��B� 

Q	� 2'p	� �
	�)+>�! /
!(�1
 UC\ �
	�)+>�! /
!(

XSc7BXf <EB <EB 

fhc7BXS <B� �/<h< 

f7c7Bfh Bf< Bf< 

��/_+.& �5�2(�0 �&/4� � >� �5�2(�0 /L��:;&2� �3� ^	4�4GD �	p()3& S	T 
2�	q �%	p" � :�%� 

+?�
( Q	� U* 3(� �W
� (Nr)G	H 2�,�� 3(� 
��4!(kg/ha) �/6	{ +,	5M)g/cm3(

XSc7BXf hEB/hh/777 7X�/7

fhc7BXS hE7/h�/7hX 7X�/7

f7c7Bfh h��/hS/SE7X�/7

��� .U;1 2� -	�P -�	_
�� U�	D FO�/
�' F&M %�V 
� +'���!

 -�&�).�'&!� � 3�/
�' (}	$�/4� ��G	�H FO�/
�' U* (� �W
� 

�
�� +'��! U;1)X(F	�6 b4\ %��/�	 �h�/hU�* FO�/�
�' (� 

G	H 2�,�� FO�/
�' F�& ? 2�)Q���� B(-��1 3	$��	"! �
��

��� .+! G	H U!	* 2��:� 2� +�/
�� l�? /!� %�� U�,� �1	�.

-��� %�� (� -�	_
�� 	� 	6-/�d
! � M F&��/P
 ��
 �)l/�'

 
��\�Excel ( ��/��d
! �� U!	�1 l� P 2'�� Q&C"! ��,&� ��	�

)�
	���)w(+P�'
	� �)R(( FO�/
�' �)2��,�� FO�/�
�')Nr(�

+\/C!)N(( �1 z�/]
�� .2�� 2��&� 	�� FO�/�
�' � �� 2 ��6

���D 
�(	� 
� ~��
 �	6)7<h �� ��/�� #��;! /�
! /�� Q	��



	��� � ��<h-
�� ��/� l/P&>�* /� Q	�
 (���/P 
&g ! .����D

 r
	�\ �(
�	)�* �	�0� F	!(	�� 
	�!� r	��� /� �
	��� ��

�1 �	]
'�)<.(���' l�� P ���/H ����D7X�h /�6 /�� Q	��
 

-�1 u�/)� �/g' Q&W� r	�� /� � �1 2
\/P /g' 
� l/P&>�*

2 �0� � ��	C
D� U�>"� �\/P 3
&W �(	�.

lG� � ]3	(0 

$%& (�/
. /�%�D ��	D 

-��� +�
/� 
� l&�� Q	�� �/�;>�? 2�* ��� F	)' Q&C"! �	6

 -��� /5�� 	� ��	�( 3�	_� .�� b��/1 +! /g' 2� � �
�� 	6 ���


 -��� +>* �'�
 (� �1	� z
	H 	6 .2�A�D %��� /
)��� +��
/� ��/�

 FO�/�
�' i&a�� ��(� 2�� +\/C�! �� /���/� 
� �/;>�? /��	4!

 /P .��/� +\/C! -�6	)! � ��� �/�;>�? U;�1 /�6 
� 2�* �1

 -��� ��'�
 -����"! (� .�� b��/1 
� l&� Q	� ���� z
	�H 	�6

)U;1<t,� c6.(z�/]
��� 
� /
)�� �D� ��/� -��� %�� %��/�	 �

 ��� -�1 ��� ��,&� ��	� .U;1 .�6 
&*��! �	�6 ����&� %�� M

 \/C�! �� /�d
! x� ��
�� 2* FO�/
�' t>
]! /��	4! 
� ��,&� +

)�1
 UC\ +P�'
	� � �
	��� (-��� �&��� l�? �,	� 
� � -�&�

 +! F	)' �
 ��� -�1 z�/]
�� 3/I �6� .2�
� v&' (� ���&� %��

 �&�H 2� +,��' /�� ��	� F� (� mI � ��� 2 �)�� x� ��
�� � ��

+! 2
��	* �/�;>�? F����! (� +\/C�! �� N����\� 	� + �� ��/�P

+! &� ����&� x���\ 	� 2* �&1 �� ���,c�
�� 9�	�a� �/�;>�? .
�

+�! F	)�' 2�* ���� +_ ! ��$! (� �/? 3p�	�! %�� l	�� ��6�

 ���1
 � G	��H ua��� (� /���]$� ��/��� +\/C��! �� (� �
����4!

2 ��$� ��1�� �6�&]' +)4' ��,&� 
� � ��� l(p 2�,�� �� .9�$`

 �/C! 	� �3p�	�! %���hh +>�! �/;>�? /��	4! ��� /
!<S<< �

B<hS �BESB �Bf�E �BX�B +��! ����� 2�� �����)
� #����/� 2���

w/' �	6h�Bh�Eh�Sh�7<h 
	�
;6 
� FO�/
�' l/P &>�* (2�*

 �/C! 2� F� %�/
)��Sh[&��/! 
	�
;6 
� FO�/�
�' l/�P &>�* 

������ .N ���;�6 /���� ����D�� 
� %����� 
� FO�/���
�' � ��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             5 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


������ ��	
� � 
���	�� ��
� � ��� /�	���� /��	� ��	!" )$%& (/�	()�� *+,- 

�h 

>F E.�/
. :0&� �2PF��� $�(P1� 23�	P4�)Y(8� 76 
&�& 	� ��2)C/ � >8� �&�	� � 
�	��6 Y��Z�w+R(��

�	4�(1� 23/�%�D ��	D �&2�� :� �5�2P(�0 �2��	� $� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             6 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


�� �/
. 
&2� �5�2(�0 ��� � 
�	��6 76 
�	8(9& 
�	� :
�!� ...  

�7 

>F r.�/  
2�. ��&/0& 23�	4� )s	40 (�/  �
�� U�W �):3�� (� / � >8� �&�	� � 
�	��6 76 2�&2� �� �/
. �2F��� 

��28� � :�%�& �5�2(�0 


� �/
)�� ��,&� ��/�
	* ua� 2�� �&�* /��	�4! /5�� 	� 2^�	4! 

/� 
� 2
\
 
	* ��� 2
1�� .

�� ��	��� x�� 3
&��W 2� l� P 2'�� ��,&� ��	� %���� ��/�

 -/��d
!)FO�/
�' � �� U!	1 (-��� �� /���/� 
� �/�;>�? �	�6

)+P�'
	� � �
	��� (FO�/
�' �)��/�
	* � 2�,�� (#�/! +\/C!

�1 .-��� �(�/� %�/
0� � �� �	6 +\/C�! FO�/
�' c�/�;>�? 

��� /�( 3
&W 2� �� 2�
� (� ��,&� ��	� %�$!:

]f[
2

43

2
210

)NN(a)NN(a

)Rw(a)Rw(aa

)NN,Rw(Y

rr

r

+++

+++++

=++

F� 
� 2*w�
	��� �� 9�? )m(�R�1
 UC\ +P�'
	� 
��4! 

)m(�N�NrG	�H 2�,�� � +\/C! FO�/
�' #��/� 2�)kg/ha(

��� .,�	�! %�� l&>�! U;1(� ��� 3
	$? 2:

252 10353803307773

790112764

)NN(/)NN(/)Rw(/

)Rw(//)NN,Rw(Y

rr

r

+×−+++

−++−=++
− ]S[

-��� ����� 	6���r22,�	�! %���� 
� Sh/h�SE /��/� B77</h

����� -�&��� .
����4!FQ	���
�� ua��� 
� ��	��� %���� %������ 
� 

<�c7h×��/7+ �! -�&� 
�� ��� .

U;1 B��,&�� ���	� u�a� ���' )2,�	�! 
��&��'S(2� 2* �


 �'� [	4'-(� F	)�' ����� 2�� 3
&W 2� -�1 �(�/� -�1 �/�P

+! �6� .2�,�	�! #��/�VS+�! F	)�' � �� N����\� 2�* ��6�

 mn� � -�'	�
 �&H 2 �)�� 2� �
 Q&C"! -�1 �/C! FO�/
�'

 ��� ��� 6�&H N6	�* .
�U;��1 �-(����'� /��	�4! � -���1 �/���P

N�I -��1 2^��	4! x� 2� x� bH 2� �$^' Q&C"! -�1 + ��

��� .#�1 -��� 2� -�1 �(�/� bH x� 2� x���' U��,� 2�� 	6

-��� l	�� (� -�	_
�� +! 	6 �1	�.

��� U�	D Q&C"! 2 ��)�� +j�� 3	4
)! 	� 2,�	��! %�� 	� +�	�

 2,�	�!S+! J])! �&1:

m5610 /Rw
)Rw(

Y
=+≡=

+∂
∂

1930 =+≡=
+∂
∂

r
r

NN
)NN(

Y kg ha-1  

	�� /���/� +,&C�"! FO�/�
�' � �� /��	�4! %�� 	�7</f
� %�� 

+! ��� 2� 
	
;6 ���.FO�/�
�' � +P��'
	� F�&�' 
&g ! k	�$` 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             7 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


������ ��	
� � 
���	�� ��
� � ��� /�	���� /��	� ��	!" )$%& (/�	()�� *+,- 

�< 

yp = 0.9869ym
R2 = 0.8922

0

1

2

3

4

5

0 1 2 3 4 5

����ل ا��از� 
�	ي ���، ���
	م در ه���ر

��ر
ه�

در
	م

��

�
،��

�
��
���

��
�ل

�
� 1:1 

line

>F t.��&/0& 23�	4� �/  
2�.)ym(�/  �
�� U�W �)yp(� / � >8� �&�	� � 
�	��6 76 2�&2� �� �/
. �2F��� 

��28� � :�%�& �5�2(�0 

��� 
� FO�/
�' � �� �/C! N6	* e?	� G	H 2�,�� 2� +�	�

+! 2 �)�� Q&C"! �&1.

7(�
G
� /�%�D ��	D �	)F3 /�%�D 
	� 

-�!� ��� 2� ��,&� ��	� )2,�	�!S(�� 2�
� � /�d
! �� ��
��

��� .� 2�FO�/���
�' /���d
! 3�/���d� ����,&� ���	K /��	4! ��(

)N+Nr(�� /����d
! #�^��� /���)w+R ( (� +
�	��K /��	��4! 
�

 �/;>�?)Y(/��	�4! ��/�� U�W	� ��	�� 
��&��' � �1 �	^�

 ����,&� t��>
]!)�/7	��� 7</f
	��
;6 
� %��� (�����/P .���
 

)U;1 �.(���,&� U!�&��? (� l���* /�6 U;�1 %�� 9$`)� ��

FO�/�
�' (+!2'&P 2� ��&1 /5��;� %��5�	� �'�&� ��/�� 2* ��

 #��*/� ���,&� ���	K 
��4! 2� F���
 �
 	�0'� (� +�_>
]! �	�6

+! �/� 
	* 2� F�&� .U;1 
� Q&C"! 2 �)���x�� 3
&�W 2�

+! F	)' 2* ��� -�1 -��� N�	�' 2a4' ���,&� 
���4! %��� �6�

+! UW	� ��,&� U!�&? (� #�*/� x� 	� 	0 � �&1.

u(�P
G
� 	� /�%�D >�&�� 
�	� :
�!� �	)PF3 /P�%�D 
	P�

)I��� H3��/G� d3&2 (

#��*/� �FO�/�
�' �&�* � �
	���� �� 2� �0� /��	4! %���� ��/�

2,�	�!<�S�1 /�( 2,�	�! 2� /: ! :

]7h[
)NN(aa

)Rw(aa
)Rw(d
)NN(d

r

r
++
++

−=
+
+

43

21
2
2

�/V �
��5�	� 	��2,�	�! #S,&� +� " ! #��1 2�� F	^�;� ���

�!�
� /�( 3
&W:

]77[
)NN(//

)Rw(//
)Rw(d
)NN(d

r

r
+×−

+−
−=

+
+

−41070710330

554779011

2,�	�! (� -�	_
�� 	��2 ��6 ��	� )+ �� ��,&� U!�&? 2 ��6 U!	1

FO�/
�' � ��(�1 2
\/P /g' 
� /�( 3
&W 2� .6:

]7<[)Rw(C)NN( r +−=+
913

1200000
913

2,�	�! U� 	� �	677�7<� 	� 2�,�	�!(� -�	_
��2�,�	�! �E2�� 

�1 2
1&' /�( 3
&W:

]7B[)NN(//)Rw( r++−=+ 03001814

3
&�W 2�� �� � FO�/�
�' %��� 2�a��
 2� �0� ��,&� ��/� + ��

 2,�	�!7B+!��� F� �$� 2� � FO�/
�' N���\� 	� F� 
� 2* �1	�

 +! N���\� ��' 2 �0� Q&C"! ��	� .��	0' 
� Q&C"! ��,&� ��	�

 2,�	�! 9�	a!X�1 2
1&' /�( 3
&W 2� :

231048433341595119 )NN(/)NN(//Y rr +×−++−= −

]7�[

2,�	�! 	�7�FO�/
�' 2 �0� 
��4! )2�,�� � +\/C! FO�/
�' U!	1

G	��H (U;��1 ����,&� i&a��� 
��2��,�	�! x���* 2��� �S�� �

2 �0� +\/C!)�1
 UC\ F�
	� � �
	��� �� U!	1 (�1 2$�	"! 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             8 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


�� �/
. 
&2� �5�2(�0 ��� � 
�	��6 76 
�	8(9& 
�	� :
�!� ...  

�B 

0

50

100

150

200

250

0 0.5 1 1.5 2

و ����ران !���  ر�����، �����	  �)'���ع $ب $�����ري

در 
	م
���
�

آ�(
،�
!	�
���

و�
+����

او,
ژن

	و
�����
ع�

���'
(�

���ر
ه��

2.5
3.5

4.5

Y=8.12 t/ha

7.5
6.5

5.5

1.5

����ن� ����#" ه 

$�%&'( �)*'( +%�,

8

>F -.�
G
� �/
. /�%�D ��	D �& >L	c �	)F3 /�%�D 
	�):%�	��,(� �	)F3 :
3=� s�<T `	�D �& >L	c �/
. /�%�D :���D 2�)� �

�
G
� �	)F3 /�%�D 
	� 


� 2*Q��� ����� -��1 2�j�
� %��!( ������"! b��/�1 �.

�' � �1
 UC\ +P�'
	� F�&�' 
&g ! 2* �����I 2��,�� FO�/�


 +\/C�! FO�/�
�' � �
	���� �� 2 �0� 
��4! N6	* #$� G	H

)Q��� ���?��%��!( �����"! b��/1 �(%��� 2�:�
' � -��1

 +! v
�( ��/��! 	� +�&� 2\/W ua�� N����\� �0� 
� �'�&�

 �&1 F	�	�' �)* /�( .#^�* v
�( ��6 +
D� �1 /*s 2;'	 M

 %�� �/C! ��1	� ua� ���� 
� 2 �)�� �&� U�!�&? (� /��	�4!

 2:�
' ��,&� �&� �6�&H N]� .�����"! b��/1 2� �,	� %�� (�

 +! /�$�� %�!( �&1)S(F	;! 
� �(� +C�])! 
���4! 2* +�	6

 +! 
�/D l� P �)* /�( %�!( �/�P)2;$1 � '	! 2�* �
	��� �	6

 � 1	� �)* �&5,� ��
�� (-��  * ���"! U!	? %�!( k	�	�� 	� �

+! w
 ���� �6�.Q���� 2�� 2��&� 	�� �� �� 2� �0� 
���4! 

Q&C�"! ���V� 2� �$^' %�!( �����"! b��/1 
� FO�/
�'

 	� #��/� 2� 2 �)���/fB��/<B�W
� )�/;>�? 
��/7
� %� 


	
;6 (+! /��d� F� #,	= /K� (� F	)' �� /
)�� 3�/��d� 2* � *

 ��� l� P ��,&� 
� .�	�)�* � -�&�� .6�/�\ ��,&� U!�&? /P� (


 �/�
	�* ���1	� 	0'� 2 ��6 �H��/�I 2� 
�	D ��'�X/7� �� /�
! 

7Sh �&�� %�/
)��� #^* 2� /: ! 
	
;6 
� FO�/
�' l/P &>�* 

�1 �6�&H ua� ���� 
�)Q����.(%��� 
� /�5�� 3
	$? 2�

�&� %�/
)�� #�*/� x� 	0 � FO�/
�' � �� 2 �0� 3	$�*/� 2�6

 +! ��� 2� �
 ua� ���� 
� 2* �6� ���,&� Q�	�!7/f
� %�� 

��� 
	
;6)Q����%��!( ������"! b��/1 �.(�&���<f< 

+>�! /
!)
&*�! 2,	� 2� %�5'	�! (�1
 UC\ �
	�7S��W
� 

l(p �� 
��4! 
� +�&� 2\/W)�X/7/
! (�
�� -�/�6 2� �
.

�(76 H3��/G� d3&2  �� /�%�D >�&�� :
�!� e��2D 

��"! 	� (
�	)* 2* +a��/1 
� ��	� ! �&$�* /`	H 2� ��� ���

)F�/�� x)H 2��' � x)H +��&' 9`	 ! (� �
	�^� � '	! (	� �

��!�
� F�1 2 �)�� +��	�� ��6 � �1	� 2��&! �F� �	�( ���D

 �&� �6�&H +�\/C! �� .:� ���� ��(� 2� J,	H)S(
� 2*

%��� FO�/�
�' � �� (� #��*/� x� �/�
	* b4\ ��,&� 
��4! /6

 
' �
 .0! +! 2:� �6� .U;1 
� �&�&! ��,&� i&a� ��/��%�� 


����\� l/�' 	��� /��	�4!Excel �����/P 2�j�
� � 2$���	"! )b��/��1

 Q��� ��� �����"!�.(
� �&�� 2 �)��� ���' b��/1 %�� 
�

 �/�
	��* 	��� +\/C��! �� .��:� ��������E/h� �� /��
! 7Sh 


	
;6 
� FO�/
�' l/P&>�*)���,&� Q�	��!B/�
	�
;6 
� %�� (

?+! ��	 b��/�1 
� FO�/
�' � �� 2 �0� 3	$�*/� %�� 
� 2* �&1

 ���� �/�\ 2� /C" ! ��� �����"! .�� 
���4! %��� �/�
	�*

 2\/W #�&! +�&��/E�-��1 ����W
� )b��/�1 2�� �$^�'

 2 �)�� Q&C"! (+! �N���\� e?	� �'�&�7f7ua�� ���W
� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


������ ��	
� � 
���	�� ��
� � ��� /�	���� /��	� ��	!" )$%& (/�	()�� *+,- 

�� 

��/_-.76 :
�!� 23�	4�)�./0�	� � 
�	��6 (2(�0 ��5�)
�2��	� � :�%�& (k<� /c&� �� ��� � ��28� )I��� H3��/G� d3&2  (�

��28� 76 �Zc)76 H3��/G� d3&2  (/�%�D v1�� 23�	4� 
&2� 

%�!( �����"! b��/1 �� �����"! b��/1 

�/;>�? 

(t/ha) 
�
	� � �
	��� ��

�1
 UC\(m) 

� 2�,�� FO�/
�'

 +\/C!(kg/ha) 

�&�*

	
;6 
� Q	�




	��� ����
	� �

�1
 UC\(m) 

� 2�,�� FO�/
�'

+\/C! (Kg/ha) 

�&�*

�� #�;! /
! /� Q	�
 

�/7<��/h7�f <7fBSEX <Bf/h7f� S7< 

�/<B�f/h7�7 BfhX<EB B�</h7fE 77hS 

�/B�Xh/h7�E ��7ff�h �Eh/h7X< 77XX 

B/��Xh/h7�f EESf7B7 ��E/h7Sh 7<h< 

�/��SE/h7�S Xh7���h �Sh/h7Ef 77ff 

�/�X�h/h7E� f�fEEEX X<S/h7fS 77XE 

�/ES7X/h7Xh 7h77S�f7 S7h/h7fh 7777 

�/X7E</77f7 77�E�X�� 7�f/77fS SSf 

fBfS/77fX 7<7E<7X� BfX/77S7 fXE 

7/f�Xh/77Sh 7<<hX�hE �ES/77S< fBh 
**��/��E7/77SB 7<7�7�EX �E7/77SB XXf 

*:�D&>�* /6 l� P ��/H ��7X�h��� -�1 
&g ! Q	�
 .

** :+! ��� 2� �
 �/;>�? ��,&� 
��4! %�� FO�/
�' � �� (� #�*/� x� 	0 � -��1 -�
�� 2^�	4! �,&0� ��/� 	!� ��^�' ��	C
D� k	!��, 2* �6�

���.

�&1 �)* /�( .Q��� ���?�����' �� ������"! b��/�1 
� 

O�/
�' � �1
 UC\ F�
	� /�g' 
� 2* �
�� /� 
� �
 G	H 2�,�� F

+�&�� 2\/�W e?	� �%�!( �����"! b��/1 � '	! �	0'� %
\/P

 +�! (
�	)�* ��/���! 	� � -�1 ��,&� U!�&? �/C! 
� ��'�&�

 ��/P �)* /�( ua� N���\� 2� /: ! .Q�	��! +�1
	� /P�<f< 

+>�! /
!)
&*��! 2,	� 2� 
	!� %�5'	�! (�&��� ��1
 UC�\ 
�

 	� 2
1�� ���� �1�7b��/�1 %��� 
� (	��' �
&! �� 
� �W
� 

)��E/h/
! (2\/W +! +�&� �/�P 3
&W �'�&� .

� ua�� ����� 
� 2 �)�� �&� �,	� �� 
� FO�/
�' /��	4!

 .�6 � -�&�� F	^;� +\/C! �� .:� 	�� +��* 3�	�_� %��� M

 � -� 6� F	)' 2* �
�� 2 ��)�� Q&�C"! �,	��FO�/
�' /
�* /�K

 ��,&� 
� N4' � FO�/
�' �&* %��	I ���D U�,� 2� J,	H �!�
�

 ����� l��� P ����,&� 
� �� 2��� �$^��' F� /��
�* .� 	���
	I�'(

 -�&]�	n�)<�(�'�/* �
��P 3
s ��/� �
 +0�	)! 2:�
'.

�(2P�&2� �� �5�2P(�0 � 76 :
�!� 23�	4� � ��8G� ^&2��RD

 /�%�D >�&�� :
3=�)I��� H3��/G� d3&2  ��(


�	)* /P� ���,&� U�!�&? /
)��� �/�
	�* ��/� �6�&]� ()� ��

FO�/��
�'(��� * �/��W 2�� ��6 �%���!( �������"! b��/��1 
� �


� 2��'� �� '	! � /��( 3p�	��! 9�	�a! ���,&� U!�&? 3�/��d�

U;1 E3p�	��! (� 2* �&� �6�&H -�1 -��� F	)' 7<�7B2�� 

��� -�!� ���:

]7�[1030
6671230419

/
/

CRw −=+

]7E[921135
59036912

/
/

CNN r +=+

2 ��6 
��4! N���\� U;1 %�� 9$` ��/�� ��� 
�	D v
�( 2* �� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


�� �/
. 
&2� �5�2(�0 ��� � 
�	��6 76 
�	8(9& 
�	� :
�!� ...  

�� 

0.0

0.2
0.4

0.6
0.8

1.0

1.2
1.4

1.6

0.0 0.5 1.0 1.5 2.0 2.5

و ����	وژن، ��(���ن ر.��ل در ه����ر  �)'��ع ه/.��+ $ب

 	�
��
،�
ر��

 �
ن!

�را
�و

ري
���
ب$

ع$
�'
(�

0.0

0.5

1.0

1.5

2.0

2.5

 ،�
!	�
�
�
و
+��
او,

ژن
	و
���
ع�

��'
(�

��ر
ه�

در
	م

�
آ�(

�0N+Nr

w+R

 

>F a.
�	��6 76 :
�!� 23�	4� ^&2��RD(w+R) ��28� �5�2(�0 �(N+Nr)>� :
3=� 2�&2� ��)�5�2(�0 � 76 :
3=� Y��Z� (��

d3&2  I��� H3��/G� 

�/
)��� �� 6� 	� �
 �� 2 �0� 
��4! �� * �/W FO�/
�' � ��

+! N���\� FO�/
�' 2� �$^' 
� �� /
)��� /K� /`	H 2� 2* �6�

 ��� Q&C"! ��,&� .� ��/\ 
� FO�/
�' /
�* N4' 2* %�� %�V

2'�
	� ���D � ��,&� +! /KL! �'�
 %�� 
� ��' F� %��	I �� �1	� .

U;1 X� �� 2� ��6 v&��:! /���/� 
� �
 �/;>�? 3�/��d�

 FO�/
�')2 ��6 F��� �1	* ��	K �	6(+! F	)' ��6� .%��� 9$`

 /
)�� 2 ��6 �/W U;1)/
)��� /��	�4! �/�
	* /5�� 3
	$? 2�

-�	0' ��,&� �	6 (Q&C�"! ���,&� N����\� 2�� 
�	D + ��! �� 	�

��� .U;1 
� �/;>�? 2 �)��X&C"! 2 �)�� F	�6 ��� 2� Q

��� ��,&� ��	� (� -�!�.

�(/�%�D :���D 2�)� 

2� (� 2��&� /�^! +� " ! r	��� [	�4' %
�&�I .6 ���,&� �	�6

 2� F	^;� 2 ��6 [&aH � F	^;� +! �&�� /�� ��D�� [	4' � ���

 FO�/�
�' � �� 2 �0� /��	4! /�^! %��)F��1 2� ��* r	��� /��

 ��,&� 2 ��6 (��,&� J])! 
��4! ��(� 2� �
 +! ��� 2���6� .

+� " ! � 2� ��6 [&aH r	�� [	4' 3	C
]! /��	4! %�� �	�6

 Q��� 
� � ��� F	^;� ��,&���%�!( �����"! b��/1 ��/� 

��� -�1 -��� N�	�' .2,�	�! 
&*�! /��	4! 	��
� � J])! 

+ " ! 
	 * ���/P .�
 F	^;� ��,&� �	6)U;1�.(%��� 9�$`

 � #�1 ��
�� 2��&� /�^! U;1 �� U!	? �/` 2� � -�&� +*�'

)�1
 UC\ �
	� � �
	��� v&�:! (-� 6� F	)' 2* �
�� U�	��

 +�! ���,&� 2��&� � �'�
 
� U!	? %�� #,	= N4' ��1	� .l	���

 #�*/� ��,&� /�^! /� �D�� [	4' � 
^6 FO�/
�' � �� 2 �0� �	6

 +�! ���,&� (� +W	H 
��4! /�g' l��* /6 �(
�	)�* 2�* � �1	�

^* ��/�+! ua� ���� 
� 2 �)�� �&� #��	�' �	]
'� �'�&� .

:Z�(0 
2�. 

+! �
 +?�
( 3p&C"! �/;>�? �� (� +��	�� 3
&�W 2� F�&�

)+P�'
	� � �
	��� v&�:! (+\/C! FO�/
�' �)FO�/�
�' U!	1

 G	H 2�,�� � ��/�
	* (�1&' .3
&�W 2�� ���,&� ��	�� +�
D�

 2,�	�!S�6/�d
! 2� �0� F���! ��&1 F	�� ��	�� �	)� �
	���� ��

FO�/
�' (+! �
 �&�' %���� F�&� .
��4! %
1�� 	� U�>"� %�� 9$`

2 ��6 +! Q	�?� FO�/
�' � �� ��/� 2* �� +! �&1 #��*/� F�&�

 �	�]
'� ua�� ����� 
� 2� ��6 F�/* 2 ��* ��/� �
 	0'� 2 �0�

�&�' .��,&� U!�&? -�1 2$�	"! 2 �0� /��	4! 2� 2�&� 	�)Q���

��%�!( �����"! b��/1(%��	I ���D /`	H 2� 2 �0� FO�/
�' �

��	�� (� +1	' 2* F� ���,&� 
� F� .�* N�4' ��' � +
,�� �	6

 +! Q&C"! ���� -��� F	)�' +*�'� 3�/��d� ��1	� .�U��	4! 
�

 F	)�' ��	�( 3�/��d� �F� %��	I ���D �&�� 	� �� 2 �0� /��	4!

 U�!	? %�� /�/KL! N4' U�,� 2� 2* ��� ���� ���,&� �� ��/\ 
� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


������ ��	
� � 
���	�� ��
� � ��� /�	���� /��	� ��	!" )$%& (/�	()�� *+,- 

�E 

0

2

4

6

8

10

0 1 2 3 4

و ����	وژن، ��(���ن ر.��ل در ه����ر  �)'�ع ه/.�+ اب

�ر
ه��

در
12

م،
��


+�
دا
	د
�)'

3

>F i.�5�2P(�0 � 76 
&2� �/  M2L >� :P
3=� 2�&2� �� �2PF�P�� ^&2P��RD 

��� 	�� FO�/�
�' � �� �/�
	�* ��/�� /
)��� 2� ��6 Z	C
H�

 ����&� x����\ 	�� 2�* �
�� +I 
� �
 Q&C"! N���\� +C])!

 �
�� �4�	a! ��,&� .�ua�� ����� 
� �&� 2 �)�� U�>"� %�� 
�

*�/�
	�* 	�� ����� %��!( ������"! b��/1 
� +>W� ��6 2

�X/7�� /
! )��1
 UC\ �
	� � �
	��� �� v&�:! (�7Sh


	�
;6 
� FO�/
�' l/P&>�*)2��,�� � ��/�
	�* FO�/�
�' U!	�1

G	H (+! ��� 2���� .
� -��  * ����"! U�!	? �� +�
D� 	!�

 C�! �� .�:� ���� ��(� 2� �&� 2 �)�� ��1	� l� P ��,&� +\/

 �/C�! 	� � -�&� .0!��E/h�� /�
! )� �
	���� �� v&��:!

 �1
 UC\ �
	� (�7Sh 
	�
;6 
� FO�/�
�' l/P&�>�* )U!	�1

 G	H 2�,�� � ��/�
	* FO�/
�' (+! UW	� �&�1 .F��1 F	^�;�

 ��� 
� 2 �0� FO�/
�' /��( ua� ���� 
� �&� %�/
)�� 2� +�	�

 +\/C! �� .:� � �)*)�����"! b��/1 #��/� 2�%��!( �

�� �(��,	� 
� FO�/�
�' 
���4! 	�� 
��4! %�� G�'� 3�	_� �

���,&� 
� FO�/�
�' U�!	? /�
�* N�4' (� +*	� 2 �)�� Q&C"!

 ��� J,	H �!�
� .U�!	? ���� 2�� ��,&� 2��&� /�^! U�	��

 � ���Q&C�"! ���,&� 
� U�!	? %�� #,	= N4' /� ���:! ��*

�
�� .

��	
� ���� ��	@(�& 

7.v �+>*&� .7Bf7 .2�2 �0� � +>��;� �
	��� ��/��! + ��P l� P ��/� FO�/
�' �&* �/C! �(	� .-�1 �/�� +)6�qI i/` �
��P

2=�/! .�� 3	4�4"� �*/! 
��7�2"_W .

<.r
	\ F	
�� �(
�	)* �	0� F	!(	� .7BfB .+?�
( Q	� 
� +�� l� P 
	
;6 x� ��,&� 2 ��67Bf<cfB.�2�!	'/� � i/�` ��/��!

� -
���3	?�`� �
�	 \ � 
	!r
	\ F	
�� ��(
�	)* �	0� F	!(	� �.

B.� �F	!/0D .v �.-�&]�	n� .7BX� .+?�
( 3p&C"! +$^' �/;>�? /o*��� :�
	���� .�* 
� ����� �(��'� .)M .2���&� � ��

7� :<�cBB.

�.�(
�	)* �	0� 3
�(� .7Bf< .�(
�	)* 2!	' 
	!�.Q�� �>� :+=	� � +?�
( 3p&C"! .'�	�! 2!	'/� �/�
\� ���	C�
D� � ����


3	?�`� �
�	 \ � 
	!�F�/0� ��(
�	)* �	0� 3
�(� �.

5. Artiola, J.F. 1991. Nonuniform leaching of nitrate and other solutes in a furrow irrigation sludge-amended field. 
Com. Soil Sci. Plant Anal. 22: 1013-1030. 

6. Bair, W., J.H. Mogahen and J.E. Agress. 1990. Effect of  time and rate of  N sidedress application on northern corn 
leaf blight severity and the associated yield loss. J. Prod. Agric. 3: 44-49. 

7. Cerrato, M.E. and A.M. Blackmer. 1990. Comparison of models for describing corn yield response to nitrogen 
fertilizer. Agron. J. 82: 138-143. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html


�� �/
. 
&2� �5�2(�0 ��� � 
�	��6 76 
�	8(9& 
�	� :
�!� ...  

�X 

8. Dhanke, W.G. and E. Vass. 1973. Testing soil for nitrogen. pp: 97-144. In: L.M. Walsh and J. Beaton. (Eds.), Soil 
Testing and Plant Analysis. Revised Ed., Soil Sci. Soc. Amer. J. Inc., Madison, WI. 

9. English, M. and  S.N. Raja. 1996. Perspective on deficit irrigation. Agric. Water Manag. 32: 1-14. 
10. Ferguson, C.E. and J.P. Gould. 1975. Microeconomic theory. Richard D. IRWIN, Inc. USA. 
11. Godwin, D.C. and C.A. Jones. 1991. Nitrogen dynamics in plant sysytem. PP. 287-321. In: J. Hanks and J.T. 

Ritchie. (Eds.), Modeling Plant and Soil System. Agronomy. Vol. 31. Madison, WI. USA,  
12. Harmsen, K., K.D. Shepherd and A.Y. Allan. 1983. Crop response to nitrogen and phosphorus in rain-fed 

agriculture. PP. 223-248. In: Nutrient Balances and the Need for Fertilizers in Semi Arid and Arid Regions. 
International Potash Institute , Bern, Switzerland.  

13. Islam, M.M., F. Iyamuremye and R.P. Dick. 1998. Effect of organic residue amendment on mineralization of 
nitrogen in flooded rice soil under laboratory condition. Commun. Soil Sci. and Plant Anal. 29(7/8): 971-981. 

14. Krentons, U.D. and P. J. Orphonos. 1979. Nitrogen and phosphorus fertilizers for wheat and barley in a semi arid 
and arid region. J. Agric. Sci. 93: 711-717.  

15. Mossedque, F. and D.H. Smith. 1994. Timming nitrogen application to enhance spring wheat yield in a 
Mediterranean climate. Agron. J. 86: 221-226. 

16. Novoa, R. and R.S. Loomis. 1981. Nitrogen and plant production. Plant Soil 58: 177-204. 
17. Oweis, T., M. Pala and J. Ryan. 1998. Stabilization rainfed wheat yields with supplemental irrigation and nitrogen in 

a Mediteranean climate. Agron. J. 90:672-681.  
18. Pala, M., A. Mater and A. Mazid. 1996. Assessment of the effects of environmental factors on the response of wheat 

to fertilizer in on- farm trails in northern Syria. Exp. Agric. 32(3): 339-349. 
19. Pang, X.P. and J. Letey. 1998. Development and evaluation of ENVIRO-GRO, an integrated water salinity and 

nitrogen model. Soil Sci. Soc. Amer. J. 62: 1418-1427. 
20. Pirmoradian, N., A.R. Sepaskhah, and M. Maftoun. 2004. Deficit irrigation and nitrogen effects on nitrogen-use 

efficiency and grain protein of rice. Agronomie 24: 143-153. 
21. Salam, A.M. and S. Subramanian. 1988. Influence of zinc, nitrogen and their interaction on the yield and nutrient 

uptake of  “IR20” rice (Oryza sativa L.) in different season. Indian J. Agric. Sci. 58: 190-193. 
22. Sepaskhah, A.R. and D. Akbari. 2005. Deficit irrigation planning under variable seasonal rainfall. Biosys. Eng. 

92(1): 97-106. 
23. Weinhold, B.J., P.T. Todd and G.A. Richman. 1995. Yield and nitrogen efficiency of irrigated corn in north great 

plains. Agron. J. 87:842-846.  
24. Zand-Parsa, Sh. and A.R. Sepaskhah. 2001. Optimal applied water and nitrogen for corn. Agric. Water Manag.  

52: 73-85 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

08
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.4.5
https://jstnar.iut.ac.ir/article-1-605-fa.html
http://www.tcpdf.org

