
  �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

  

���  

 

  

 2� �
� �$ �� ,��34 �2� � ��� �56'
	&7 2&�� ��
! ��8� ����
�� �
#  

�78+7 9�� �)�& � 9�� :

��  
 

  

��8; <�=�/*�&���7 2��� �>?���
6@5'�� <�AB8��7 �>�!
	� C
B ���2)D� �>�  

��$
� <�AB>�  �2	� ���/   

  

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

  
 

EF�(2  
G2#                      �7 ��7�� "6A�!��7 �$ �H$�I� �7%�� ?+7%�7 �2� J8' �� �+7KL MN�-D� 2�I�O �@�; � �); ?+7%�7 ��72+
. ����
�� �$ ��P7 

  �� �
�� $�2B    2'
� .      <��� �� 8P
�� C�8� � $��� �72R�    S�
' �7 �*+ ����
�; �
#  �T� �
)' �� ��72+
. �
# $�� .    �T� ?#�UT. <T+7
  2� ��V��    
	&7 2&�� ��
!   �
� �$ ��� ,'         �)�& � W�� �R3�� �
6!7 �! ����
�� �
#     �78+7 W��)    "T4 � �
=@P7 �Y�
� (    9T); �T�

  �$��� ��8[ ��7�O �A+
R� �[�8� � 
#  ,��34 �2� �!�8� � 
#)Uncertainty (  ,T�8H �
T�&7 �� .  2T�     �$ ��� ,T'
	&7 2T&�� ��
T!
�
�   2� �7 ($
@6!7 
� ��7�� �
#)MFA (Mass Flux Assessment    <�TON \�� ]T��8O �7 � �T�8[ ��7�O 8� ��6	� ��$
-O \�� 
� � 

  ��	' � ����8^+
#      ,�8H �
�&7 �I�
� ,&�� ��
! .                � _�T& �$8F�)� �,�� 8+� `3! � �-D� _�& a�
' ��7�� M
�b
7 �7 ��V�� <+7 ��
 �7$ $72�O            "# � �bc
� <�I � ,!�^)� ��+
�)�' �
#$�� G8-� �7%�� �
#  �b
7 <��E          
#$�� _7�&7 � �
#
�H �$ ��� ,V�L 
� d	O8� M


 2' ($
@6!7 .        <��� �$ ��� �7 8�5)�E �8+$
R� ,'
	&7 85&
�� e+
6&      �
6T!8=' ����
�T� �
#          �T� � �T�I
3� $��T� �
T#     fT�& (UT+�    $
T��  
)g ha-1yr-1 0gg1 ($�� ."=� �+
�)�' � �&7��B �
#$�� <��� �� ��� $��� �
#8�A� <+8O �����
�� �
#$�� �     "T=� �&7�T�B �
T#   <+8TO

� 8�A�h2&2' �6�
�' ��I
3� <+7 �$ ��� ,'
	&7 i8& ,��34 �2� 8� 8j.  
  
  
  

(k7� 
#�  ���2� :  2� ,��34 �2� �+%�O �,'
	&7 2&�� ���� ���
!  

  

  

  
  

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

� .����  ���� �!"
 "'(���#& �+,#$)
 -�./0) 12340 ��*#$)  

* : % 5�67%89) �7� ":�;��8$��2<81: mahinkarami@yahoo.com  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             1 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' / 
)' (� "*+ � ,-' /
.+%� /01/  

���  

��2R�  
        1% (��%) '�<$
 =.% >?�;% @�AB () �)+	�� '(���#&     �C � +D�C

          � 1E�)�( �	�	+% "�7	( F<G% �</<& H/? +4$�% 1����I�%

  2J) 1��A2B) F	)�D @KC)� "'
�L    
�)
 M4��*4� ') .   1�E0) N+O

          �E</<P �C 1	)�Q :R�LG% +<9�� S	)T
) "�)+	�� '(���#P �


 1% UV�4%     -W X�D @C "+D�C          () 1E�)�( =27<V�P) �
 1�
�9W @P

     '���4
 � +48$ (��Y� (�Y% 
�+?   @C '�O       ')�EC �+ED @2
�� ��P

             +$�#E$ �7E	( F<EG% UE	�Z� @C �Y4% 5�LG% S	)T
))�( .

[%       \<E%( @C �0�4� ]��! � 
��� �)+         () 1E,	 '(���#E& '�EO

^!�D         1E% ��AED @EC '�)+	�� '�O  
�� .     � 1*$�E*_ 1C�E	(�)

    \<%( �
 �0�4� 1*2D�;$) �)+[%         -()�E� `EA& @C '(���#& '�O

 '
��� 1%�B    1B��! � �O           \<E3% =27E<V�&) `E	 �
 �.$W '�O

-�,%)     �V) �	��)a  "b   � �( .   5+% � =<O�/% 
�C��P   % '�O  �C 142;

;V�G%c                 ��Ed4% @EC �E2��TC � @E��T% e�E<[% �
 1E%�B ��ED 

@EE4<.C   -
�EEP 
�+EEG% ')�EEC TEE<$ � 1O

�EEP �	�	+EE% '(�EEV

1�
�9W   �7	( '�O        �V) S	)T
) 5�? �
 1K<G% )�  "f   � ��( .

              Ng2E!) () �LE4� `E	 �ED�;$) �)+[% "1%�B -()�� ��� �


         1% @;V�G% =27<V `	 �
 �L4� 1B��! � '
��� �)+[%  D 
�

)� "� "�� � �h(.   \<*4EV �0�4� -()�� 1C�	(�) ')�C ��� \	)

 =O �        @��T% e�<[% �
 �/7
 \<4_)  ̀ E_�& i�;	�[�   �E�    () ���� 

jEEC�%�2% ()��  �( @EE[K4% e�EE<[% �
 "  '))k�TEEC �EE�  () ��a 

jC�%�2% ( 1�% �)a( �+D @2
�� ��& @C �V).  

  ��� +4_ �O        �B -()�� 1V��C ')�C �
�/2V) 
��% '�O  1E%

              )� :�E�gl) () '
�E	( =EY? -
�EA$ @E0g! 1	�$)�� "�0�4�

@C        '
��� U9�J �
� =.
 mC�J � N�/D :��0    1B��! � �O    �EO

  �)�EAO �<3KJ �+� �C iR�A3% m0�? n	�2$ "+$�)
 )  +E$)a � �h( .

           E<�Z� �E	 �()+E$) () S<C 1*2D�;$) () '�<���B ')�Cc    ()  �E! 

        �<7E% -
�EA$ 1A& �C -�T
) "\<3% �0�4�     ]��E! � 
��� '�O

            �+ED @;EV�G% �	
�[% �<3KJ �+� �V) �(R "=27<V�&) () �.$W

 '
��� ')�C    1B��! � �O             

�E� \<E<3� TE<$ �E0�4� '�EO)f( .

                 () oE	 �EO SE[$ � 5+E% n	�E2$ �
 �<3KJ �+� �	
�[% \<<3�

               �E� 
�EP +EO)�! oEAP "-W 
�EY	) �
 5+% '
��� '�O�2%)���

    )� �<pqE� \	�2#<C @P 1	�O�2%)���      5+E% n	�E2$ �E<3KJ �+E� �EC 

        r<J
 \<<3� � �2#<C 1V��C �C \	)�C�4C � �+D 1	�V�4D "+$�)
   �E�

      N�/ED 1Y	�E2$ @EC �.$W           +<EV� ��
�EA2�) mEC�J � �E�)a(.  ���

@<;D    �9��E& �E$�% '(�V)Monte Carlo Simulation: MCS(  

 5�A3% () 1,	 ��� \	�� 1% �<3KJ �+� 1V��C '�O +D�C . \	)

  	�� �C ���c @$�A$    1� '�)
�C  �
      1�s	� 5�A2?) j	(�� () 1�   '�O

          5�A2?) j	(�� `	 +<9�� ��d4% @C 5+% ')�B) � 5+% @C '
���

   1% 5+% 1B��! ')�C    +D�C)�h( .        "1	)��E& S	)TE
) ��Ed4% @EC

1%    @<;D ��� -)��        @$�A$ ��� �C )� �9��& �$�% '(�V    '�)
�EC

  t�<&�u	�EEO \<EE�R)Latin Hypercube ( EEA$ UEE<&�� 
�)�( .

 �7EE	( :�EE39�K% () 13<EEV� vEE<l �
 ��� \EE	) () �
�/2EEV)  

   @#[$ @�AB () 1K<G%       w�E! 1%�J� '�)
�C)��(  1EV��C "    '�EO

  18	x�9��+<O�P))�(       \<*4V �0�4� 1*2D�;$) +$�� :�39�K% � 

)�h(�V) n	)� .  

 �7	�C�) � �*<2V) -�
)�f(   ��E$ @EC 19+E%  PROTERRA )�

      "�/7
 1%�B -()�� 1V��C ')�C        �
 t�EV � yE% "'�� "=<%
�&

   +$
�A$ @z)�) @[K4% e�<[% .        -)��E,AO � ��& FV�� yuV 5+% \	)

)f(     +D �
)
 ��27� )PROTERRA-S (   @E$�� @EC       +E$)�2C @E& ')

@EEC UEE<&�� 1

�LEE� :��EE0  � 1EE�)�( :�EE�gl) vEE�2Z% '�EEO

1�s	�       
�<*C �d$ �
 )�  �! '�O . 39�K% �
c       �EC 5+E% \	) "�I�? 

�EEC 1EE�)�<<{� 5�EEA�) @EE[K4% 12	�	+EE% F	)�EED ')  'TEE&�% -)�EE	)

 +	+B ��$ �C � 17	�$(�CMFA�
�� �)�J �
�/2V) 
��%  .  

              �
 1EA.% SE[$ @EP �EV) '���I t�<AP �0�4� () '��

                 () 1E8	 -W 
�E;AP � @2ED)
 -�7E$) � -)��$�EB "-�EO�<� @	�{�

          1E% ��AED @C -�7$) �
 @	�{� |�V '+B :g8#%  
�� .  �(��E%)

 �+D \D��    C @P �V)    w�! �
 '�� �<3I� \<   "'(���#P '�O 

  -�7$) � -�O�<�      @KC)� "^Z#% =27<V�P) o	 '�O    1E43% ')   �)


   
�)
 
�B�)�a( .  ��)T� 1!�C 
�B�         '�� 
�E;A& �EC 14;% �O

 -�7EE$) �
)�}( -�EEO�<� �  �EE! ")�� � �b( � `#EE! @EE[K4% 

@A<$       @;4B () 1��39�K% ��Y$) ��T9 "-)�	) `#!       �EC vE�2Z% '�O

   \	) '��   1% ~�K% )� �L4� 
(�V .       -)TE<% 1EV��C "@4<%( \	) �


       @C '�� �L4� ]��! � 
���)() (     �E<AO) () '(���#& 1I)�)

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             2 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 2�  �
� �$ �� ,��34 �2� � ��� �56'
	&7 2&�� ��
!  �
#…  

���  

       S<E� �EC � �
�C �)
��!�C 10�!    E� 1E4<Cq     1$�E4& �	�	+E% �<p

 \<EE%( �
 '�� �LEE4� -)TEE<% �EEC '(���#EE&  �
 1EE�)�( '�EEO

=<ALEE� @EEC ":+EE%()�
   1EEI)�) �EE2.C �	�	+EE% �EE.B '�EE<�

 `A& '(���#&1% +4&.  

   U<V ":�� ":gQ �#&        13<V� ~�KV �
 :R�[C � 14<%(

 -�2V) ()              1E% ��EY$) =EJ � e��E
 "-�./E0) '�EO   
�E<� .  -�4&�E�

@39�K%            '�� �LE4� 1E%�B -()�� 1V��C �C X�;��) �
 '))Zn ( �

=.%         \<%( @C -W ]��! � 
��� '�O�<7% \	��     �
 '(���#& '�O

     �V) @2
�*$ :��0 13<V� �KV -�4_ .  \	)      ��Ed4% @EC @E39�K%

        �
 '�� �LE4� 1*2D�;$) +$�� \<<3�   e�E<[%       � -�2EV�.D '�EO

@[K4%                  '�O�<7E% () �LE4� \E	) ]��E! � 
��� -
�A$ 1A& "')

   �<9�3
 �C F;��% v�2Z%     =.% \<<3� "'(���#& '�O      mE%)�� \	�E�

           5+E% �
 �<3KJ �+� 1V��C T<$ � '�� 1*2D�;$) �C �p�%    '(�EV

    <3� � '�� 1*2D�;$) +$�� =.% \<  1�s	� \	��   % '�O�     �+E� �EC �p

  �<3KJ)      @<;ED ��� U<&�� () �
�/2V) �C         � �9��E& �E$�% '(�EV

 @$�A$ ���    t�<&�u	�O \<�R '�)
�C ( =27<V�&) �
     1E�)�( '�EO

-�2V) �
�� ��Y$) =J � -�./0) "e��
 '�O.  

  

\�� � $7�� 
#  
�O
�I
3� �R3�� ��8��  

   \<%( �
 @39�K% \	)       D 1!�C 1�)�( '�O -�2EV�.         �
 jEJ)� '�EO

 -�2V) �
�+G%          +ED ��EY$) =J � -�./0) "e��
 '�O .  :�E�gl)

     1�s	� 
��% �
 1�%�& � r<J
    �! '�O     '(���#E& =27<V � �O

 -�2V�.D �
         �7E<$ �EV
 �
 @39�K% 
��% '�O .     � @E	TY� �E%)

 @#[$ m<�G�           
)+E3� ')�C @[K4% �
 e�2V
 mC�J '�O��a   @EK[$ 

@$�A$     .D �
 �+D '�)
�C-�2V�          @E& 
)
 -�#E$ "@39�K% 
��% '�O

  �! �2#<C   @$�A$ '�O      �
� �
 �+ED '�)
�C          "5�EV '+E	�) '�EO

      5�V 12$) � 5�V 12u74	))       1%�$�7E&�� rE;l �EC���b (  �)�EJ

+$�)
 .          @EA<$ =<E�J) -W () y� � o#! 1A<�J) egP       �
 o#E!

  1% U9�Q @[K4%  +D�C .  @$�A$ ��)T% �2#<C  '�)
�C       �#EP �	( �+D

 1CW�
�C =P�? '�2AP X�[$ �
 =	
 �#P� �
�C  �V) .n	)�  \	��

     @$�A$ ��)T% ')�C 1�)�( t��4� '�*9)  '�)
�C       �+E4� m%�D �+D

) �B �	(� n$�C � :R�[C )U<V �	 14<%((�  '�E*9) yuV � n$�C 

�+4��:�� ��+4� �1% �B   +D�C)h(.  

  

 2� �
6�
!  

  5+%PROTERRA–S          -)��E,AO � �E�& FEV�� @& )�f ()�)  @Ez

             -()�E� 1C�E	(�) ')�EC 1

�LE� 1C�Y� 5+% `	 "�V) �+	
��

      @<?�$ e�<[% �
 \<*4V �0�4� � �/7
   1% ')   +ED�C .    5+E% \E	)

         1E�s	� �E<3KJ �+� @;V�G% ')�C 1

�L� t�_��._ `	      �EO

 1% 
�Y	)    +4& .          \E8A% :R�EA2?) @4<#<C \2
�� �d$ �
 ��d4% @C

          A$ ��� () 5+E% �
 vE�2Z% '�O�<{2% U<P�� �
 @E$�    '�)
�EC

   �+D �
�/2V) t�<P�u	�O \<�R  �V) .    S<� ��2!�V @C @B�� �C    14<C

                 @EC X�EC�% :�E�gl) () �
�/2EV) -�E8%) �EC ��g� "5+% �
 �+D

e�<[%                "�E<{2% �EO ')�EC \<*$�E<% '�B @C 5+% \	) "v�2Z% '�O

   1�s	� �C j	(�� o	     ���3% '�O)     N)�G$) � @4<#<C "\<*$�<% "@4<AP

��EE<3% ( �
 )�1EE% �EEd$ 
�EE<� . 5+EE% ��2!�EEVPROTERRA–S � 

  @C -W :�<I�
      jB)�% �
 m%�& ��l)f   � �(    �EV) �+D �	�#�  .

 
�.4#EE<� y<	�EEV ��#EE& ')�EEC 1��<EEI�
 e�EEV)�C 5+EE% \EE	)

�+D       1% �.$W @�AB () @& �V)       
�& ���D) 
�)�% \	) @C -)�� :v9) (

     �<9�3
 () 1D�$ �0�4� '
��� -�	�B      �C UV�42% '(���#& '�O

�_!c    �V) �/7
 )  \	) ��
 �C         "\<*4EV �E0�4� 1�0) j;4% @&

  1% ��/7
 '�O
�& +D�C .(t (   FEV�� )+E2C) ��<� (�<$ 
��% �/7


          '�O
�& FV�� �	�.$ �
 � tgI�
 \Y9 yuV "1%)
 '�O
�&

 � 1	�<A<Dq 1% \<%        �(R '�O
�)+$�2V) e�V)�C -)(���#& � 
�D

        1E% �
�/2V) ��/7
 
�& ��<� (�<$ U7?�C �  A$ +E4	� .] (   \E	) �


    \	) @C @B�� �C 5+%  =.% @&      E� mE%�� \	��q     '�EO
�& "�/7E
 \<%

  () �V) 1$)�<?  \	)           
)+E3� � ��E$ e�V)�C 12	�	+% '�O+?)� ��

 =<7[� �)
   �+D '+4C  �V) .       :�<EI�
 @E& �V) 1.	+C"t "  �"] "

       
�)+$ 1*4O�AO -)�	) �
 1�)�( �	�	+% F	)�D �C .  
�C��& �.B

   {� "-)�	) F	)�D �
     5+E% �
 1�)�<<PROTERRA–S     � +ED �
)
 

  5+%MFA       5+% () '+	+B S	)�	� @& PROTERRA–S �V) "

    +	
�� @z)�) r<[G� \	) �
 .  \<%( 
�	( �3V�     �
 '(���#& '�O

     E� ')�EC 1$)�<? '�O
�& () 1
�& �)+[% 
�;$ � -)�	)q  �/7E
 \<%

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             3 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' / 
)' (� "*+ � ,-' /
.+%� /01/  

��}  

           =E.% ��/7E
 1	�<A<D '�O
�& @& +D ��
 \	) @C �Y4%    \	�E�

 <%q� m%��\  +44&�        
�ED @2
�� �d$ �
 -�O�<� (�<$ 
��% �/7
  .  �EC

  \	) @C @B��             :�A<7E[� e�EV)�C 1	�<A<ED '�EO
�& jE	(�� @&

           @[K4% �O �
 U9�Q :R�LG% �#& �	( �KV � ��$ "'��#&

1EE% :��EE0 () "
�EE<� \EE	)  � '��#EE& :�A<7EE[� e�EEV)�C ��

 t�Z2$) 12	�	+% +?)� -)�4� @C -�2V�.D ":��gl) @C 1V�2V


D+ .     5+% :�<I�
 �*	
 ()MFA 1%          ���ED) 
�)�E% \E	) @C -)��


�& :� (            �)
 FEV�� �+ED +E<9�� 1$)�E<? 
�E& @EAO    `E	 '�EO

       ��E& @EC -�2EV�.D -�EAO @EC r�32% 1�)�( 1I)�) �
 -�2V�.D

1%  +$�� .� (       �
�/2EV) 
��E% '�EO
�& @AO)   "1	�<A<ED '�EO
�&

    tgI�
 \Y9 � �V�uA& "1$)�<? (@C  ig%�& ��l  E!)�4,	   �
 �

���           jE	(�� @El�C�% -�2EV�.D '(���#& 1I)�) �KV +0�
 

1%  +$�D .  5+%MFA         1$�<EV��� FC)�� () �
�/2V) �C �V) �
�J 

    1% v	�3� 5+% ')�C @&      �0�4� �d�Q "
�D)  '�� �Y4	) �
 ( )�

      12	�	+% +?)� �O -�O�<� �
)  -�2V�.D �Y4	) �
 (   � �
( \<AZ�

       )
�C r	�l () '�� 1B��! @;V�G% �
 yuV      
��E% ��E<� �ED

  +O
 �)�J �
�/2V). @C        e�E<[% �
 5+% \	) @& 1	�O�<7% 1�& ��l

@[K4%        1% �d$ �
 �0�4� 
��� ')�C ')        �7E#$��
 m%�ED 
�E<�

  �<9�3
 � '�/7A�)            '�EO
�& () �
�/2EV) +E4$�% '(���#E& '�O

       �
W � �V�uA& "tgI�
 \Y9 "1$)�<? � 1	�<A<D  S&  �V�O .

     % \	) �
 �0�4� ]��! '�O�<7%    :R�LG% �D)
�C m%�D 5+

     1% 1	�#CW �)� () ]��! �  +4D�C .      "�+D 
�	 '�O�<7% @C @B�� �C

        �
)
 @C �0�4� 1%�B -()�� @;V�G% ')�C 5+% \	)      '
�E	( '�EO

 
�)
 (�<$ .         � @E39�K% 
��E% @E[K4% @EC @27C @& �V) �&� @C �(R

               () @E& 
�)
 
�EB� -�E,%) \E	) "@E[K4% e�2V
 mC�J :��gl)

   �O 1V��C       N�0 5+% 1B��! �	 '
��� '�O�<7% () `	    �Ed$


�&.  

  

�6+8+2TTTT� 2TTTTB7� `3TTTT! �$  2TTTT� MN$
TTTT��  

Management Unit: MU) (<���   

 5+% �
MFA    "�LE4� `E	 �)+E[% �<<{� )g ha-1 (M  5�El �
 "

1$�%( ���
 ∆t )yr (	R `	 �
c �+D X��Z% ig%�& )  �! 143	

       \<E%( =ZED @E	R �	 \<	��     '(���#E& '�EO (   �
 �    +E?)� �EO

 12	�	+%)i MU (@C 1% -�<C �	( :��0 
�D:  

]�[                                    i
Atm Agr,i L

M
I I O

t

∆
= + −

∆
  

 @9
�3% \	) �
 @P)yr-1 g ha-1 (I Atm  () �E0�4� 
��� �)+E[%  

 �EEEV) @EEE[K4% �KEEEV �
 � '�/7EEEA�) �7EEE#$��
 �)�.  

)yr-1 g ha-1 (I Agri   
 FEV�� �E0�4� 
��� �)+[% �E<9�3   '�EO

� '(���#& )yr-1 g ha-1 ( OL)+[%�  @EC �E0�4� ]��!   �<EV�c 

  �EV) 1	�#CW .           �E<9�3
 �Ep) �
 �LE4� `E	 
��� �)+E[%    '�EO

         12	�	+% +?)� �O �
 5�LG% +<9�� ')�C '(���#&)i MU ( )�

1% 
�A$ v	�3� �	( m8D @C -)��:  

]�[                      
Agr,i Man,i Min,i Se,i Pes,i

Comp,i irrig Crop,i

I I I I I

I I O

= + + +

+ + −
  

   �3% \	) �
 @P            �EC 1$)�E<? '�EO
�& �)� () �L4� 
��� �)+[% @9
  

I Man �C 1	�<A<D '�O
�& "I Min �C tgI�
 \Y9 "I Se �V�uA& "

 �CI Comp�C '��<CW tW " I irrig�
W �  SE&    �EC �EOI Pes  �
)
 -�#E$ 

�+D �V). O Crop     � ��E<� �ED)
�C �Ep) �
 �LE4� ]��! �)+[% 

        �EV) @E��T% () -W -+ED ]��! .    ) 
��E% +E?)�    ')�EC �
�/2EV

-�	�B  "�+D 
�	 '�Oyr-1 g ha-11%   +ED�C .�
)
     (�E<$ 
��E% '�EO

    �
 "@39�K% \	) �
 5+%5�+B ��+D @0g!  +$) . ')�C �(R jC�4%

�V
     @$�#$ ":��gl) \	) @C 1C�	            +E?)� "�E.$W '��LE2!) '�EO

   �
)
 \	) �
�/2V) 
��%      5+E% ')�EC �O        jEAB jE;4% � '(�EV   '��W

  5�+B �
 :��gl) �  �+D @z)�)   �V) .       5+E% @& �V) �&� @C �(R

MFA  ;V�G% ')�C c          `E	 1$�E%( ���
 �
 �0�4� �)+[% �
 �<<{� 

  5�V)yr 1 = ∆t ( �+D 1?)�l    () � �V)  \	)         �Ed$ �
 @EC �
�J ��

     1A$ 5�V 5�l �
 :)�<<{� \2
��       :+ED \<*$�<% \	)�C�4C "+D�C

-�	�B @C 5+% �
 '
��� '�O 1% ��& +$��.  

  

2� �+%�O,��34 �  

   -W @C @B�� �C          +E$�� :�;V�G% ')�C (�<$ 
��% '�O�<{2% ��A� @&

 @C �D�;$)              "+$+ED @E2
�� �Ed$ �
 1

�LE� '�EO�<{2% :��E0

       5+E% n	�E2$ �E<3KJ �+� 1V��C         '�� 1*2ED�;$) +E$�� '(�EV

-�,%)     +E	
�� �	�E� .       UE<&�� 1EV��C ��Ed4% @EC      vE�2Z% '�EO  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             4 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 2�  �
� �$ �� ,��34 �2� � ��� �56'
	&7 2&�� ��
!  �
#…  

��h  

  �2[/ .($7$ A� ]AB8�  2� �
�& $��� �
# �� 8P
�� C�8� � $��� �
#8� /��I
3� <+7 �$ ��7�� "6A�!�;7 �7  

�  (�<$ 
��% �
)
  �%g�  +?)�  :��gl) j;4%  

1%)
 
�& 

)I Man(  

�)
 ��$ 

�)
 
)+3� 

†�/7
 +<9�� �)+[%  

M/P ‡�;7$ 

L 

nL 

fP,L 

X PMan L  

  

  

kgP yr-1 

gM kgp
-1 

'(���#& '�O��%W  

'(���#& '�O��%W  

'(���#& '�O��%W  

�4%jC٭  

tgI�
 \Y9  

)I Se(  

 +?)� �O �
 �)+[%
12	�	+%  

�L4� �d�Q  

QSe  

CM,Se 

♠tonDM yr-1 

gM tonSe
-1 

'(���#& '�O��%W  

jC�4%  

�V�uA&  

)I Comp(  

 +?)� �O �
 �)+[%

12	�	+%  

�L4� �d�Q  

QComp 

CM,Comp 

tonDM yr-1 

gMtonComp
-1  

'(���#& '�O��%W  

jC�4%  

1	�<A<D '�O
�&  

)I Min(  

�
 �)+[% +?)� �O 
12	�	+%  

�L4� �d�Q  

QMin 

CM,,Min 

ton yr-1 

gMtonMin
-1  

'(���#& '�O��%W  

jC�4% 

5�LG% +<9��  

)O Crop(  

�#& �	( �KV  

:R�LG% ��$  


�,�A�  

��<� �
 �d�Q  

Aik 

k 

Yk 

CM,Crop 

ha 

  

kgDM ha-1yr-1 

mg kgDM-1 

'(���#& '�O��%W  

'(���#& '�O��%W  

'(���#& '�O��%W  

�()+$) % � '�<�jC�4  

† 5�V �
 �)
 +?)� ')() @C.  ‡-�#$ 1% �/7
 �d�Q @C �L4� �d�Q �;7$ �+4O
 +D�C. ٭ :SO�s� n	�2$ "jC�4% () ��d4%    @E[K4% �
 �+ED ��Y$) '�O

�V) 1��39�K%. . ♠ DM `#! �
�% )Dry Matter (%1 +D�C.  

  

   5+% �
 1

�L� '�O�<{2%    "'(�V�h��      
��E% vE�2Z% U<&�� 

  �� �)�J �
�/2V)�
 .             \<E�R ��� () �
�/2EV) �EC ��Ed4% \E	) @C

 @$�A$ t�<&�u	�O           1

�LE� '�EO�<{2% 5�EA2?) j	(�� () '�)
�C

 +D ��Y$) .  @$�A$ ��� �
        jE	(�� )+2C) "t�<&�u	�O \<�R '�)
�C

       1

�LE� �E<{2% `	 5�A2?))      @4<#E<C � @E4<AP Ng2E!) (   @ECN 

         ��% :�3

 
)+3� �	 � (�<$ 
��% @$�A$ 
)+3� "@�0�
    ')�EC �d$ 


@<;D      1% =<7[� 5+% FV�� '(�V  
�D .       ��E
 mE0)�
 () `	 �O

       �EC)�C � -�7,	 5�A2?) ')�)
N/ �  1E%    +4ED�C .    mE0)�
 yuEV

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             5 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' / 
)' (� "*+ � ,-' /
.+%� /01/  

��f  

           @EC �EO�<{2% 5�EA2?) jE	(�� '�� �C �+D 
�Y	)     ig%�E& :��E0

  @E;�� 1

�L�     1E% '+E4C   
�ED .          mE0)�
 () �)+E& �EO �
 ��E*$W

@C       V) �<{2% ')�C �)+[% `	 1

�L� :��0 1% ])�Z2   
�ED .  @EC

        1

�LE� �<{2% �O ')�C U<��� \	)N        ig%�E& jE	(�� �EC �)+E[%  

  1% m0�? 1

�L�  

�� .        ])�Z2EV) �	
�[% () �)+& �O U<&�� �C

            "\<#<� SZC �
 �+D �	�#� 5+% �)� () �O�<{2% ��A� ')�C �+D

     1% m0�? 5+% 1B��! ')�C '�)+[%  
�D .     �d$ �
 �C �	�.$ �


  �	
�[% ��A� \2
�� 1% "          @EC )� 5+E% 1EB��! j	(�� -)��   �EV



��W.  

  

 2� e+
6& ,��34 �2� �$ ��$
-O �
#8�n6� ?R& <���O  

            -)�E4� @EC �+D �
�/2V) 1

�L� '�O�<{2% S[$ \<<3� ��d4% @C

               -�<EV��� ��� () 5+E% n	�E2$ �E<3KJ �+E� �
 5+% '
���

+4_      +D �
�/2V) ��<{2%)}( .  @�$�4_N      jE	(�� () @$�A$ P   �E<{2% 

�    1% ��*$W "
�D ])�Z2V) 1

�L     y	���% -)��X      
�E3C) �EC N*P 

)N  @<;D 
)+3�           � 5+E% FEV�� '(�EVP       1

�LE� �E<{2% 
)+E3� 

     5+% '
��� -)�4� @C �+D �
�/2V) (  
)
 m<,#� )� .   y	���E% \	)

     �V) 5+% '
��� y	���% "�[<[? �
 .       �EC 5+E% 1EB��! ��)

  �)
�CY       1E% ��E*$W "
�D �
)
 S	�A$        @EKC)� -)�E�     )� �E.$W \<EC

@C 
�A$ -�<C �	( :��0.  

]�[                                            
P

j i ij j

i 0

Y b x e

=

= +∑  

i = 1, 2,…, P 

j = 1, 2,…, N 
  @9
�3% \	) �
 bi     � -�<V��� U	)�I ej   1J�C '�K! �)+[%     �+E$�%

1%  +4D�C .         1J�C �	
�[% @& �V) \	) �C ��
 ��� \	) �
    �+E$�%

 	(�� ')�)
         �C)�C y$�	�)� � �/0 \<*$�<% �C 5�%�$ jє

�
σ +427O  .

 9
�3% U	)�Ic           )� 5+% 1B��! �C �O�<{2% () �)+& �O �<pq� "R�C 

 1% -�<C  +	�A$ .   \	) @C @B�� �C       ')�)
 5+E% �
 �EO�<{2% �	
�E[% @&

    +427O 1���/2% e�<[%)       �
 �0�4� �d�Q �	
�[% @$�A$ -)�4� @C

 �A� �	
�EE[% �EEC @7EE	�[% �
 ��EE<�  �#EE& �EE	( �KEEV �EE	 
�EE,

:R�LG%(  \E	)() "            +$�ED 
�)+$�2EV) @E9
�3% U	)�EI +E	�C �� .

  -�<EV��� �+D 
�)+$�2V) U	)�I)Standardized Regression 

Coefficients: SRC (1% @;V�G% mC�J �	( m,D @C +4D�C.  

]}[                                                 xi
i i

y

SRC b
σ

σ
=  

i = 1, 2,…, P  
     @9
�3% \	) �
 @&σy       "5+E% 1B��! 
�)+$�2V) N)�G$) Y � " σxi 

     1

�L� �<{2% 
�)+$�2V) N)�G$)xi 1%   +4D�C .  -�<V��� U	)�I

@EEC   @C�#EE� \	�2#EE<C ��� () �
�/2EEV) �EEC � �EEV�C�� :��EE0

)Maximum Likelihood: ML (-(� jC�� �     \<E<3� �C�EO 1EO


  +	
��)a( .    L� '�O�<{2% 
+3� ��� @C     ')�EC �+D �
�/2V) 1

�

       �E0�4� 1*2ED�;$) +$�� @;V�G%)    () S<EC�h       �EO ')�EC �E<{2% 

-�2V�.D (  @;V�G% () y�SRC  �+E� �C �.$W �<pq� @& 1	�O�<{2% 

     
�C T<_�$ 5+% �<3KJ)��/� <SRC(  +$+D N�? " .  @�?�% �


  ��AY% +3CSRC       �E	 � 
��� �<7E% �EO @EC X�EC�% '�EO�<{2% 

  EEC @EE& +EED @;EEV�G% '�� ]��EE! -)�EE4� �)Standardized 

Regression Coefficients Aggregated in Percent: SRCAP (

  +D +4O)�! -�<C .         �+� �
 �<{2% �O S[$ \<<3� �C ��g� \	)�C�4C

   1% "5+% n	�2$ �<3KJ            � 
��� '�O�<7E% () �)+E& �O �<pq� -)��

      
�A$ 1V��C T<$ )� �0�4� ]��! �	 .   5+E% m?)�% 1%�A�    '(�EV

 %�B -()��             F<EG% �
 @E39�K% \	) �
 -W �<3KJ �+� � '�� 1

��$  U�K% �)T
))��(@%�$�C  +D )�B) � 17	�$.  

  

($7$  2� �$ ($
@6!7 $��� �
#  

           �#EP �	( �KV "5�LG% ��$ �<d$ (�<$ 
��% 1�)�( :��gl)

      ���
 o	 ')�C 
�8�A� ���     ��E%W () @9�EV        
�E.B :�)(� '�EO

     +D ])�Z2V) -�2V�.D U7?�C � '(���#P .    ��E4� @EC @B�� �C

       =E.% "@[K4% �
 1�)�( :R�LG% 
�	( ��<7C      :R�LEG% \	�E�

 �
 @EE[K4% �EEO ')�EEC 
�EE8�A� � �#EEP �EE	( �KEEV U7EE?�C

5�+B    '�O� �  �  �+D @0g!         ��A� @C X�C�% :��gl) �%) �V)

  5+% �
 :R�LG%        �E
�� �)�EJ �
�/2V) 
��% '(�V .   5�+EB} 

 �)
 ��%W        1% -�#$ )� -�2V�.D �O �
 �O  +O
.      :)�E<<{� 
�EB� �C

   �EEO �
 ��/7EE
 '�EEO
�P N�LEE% 1*$�EE*_ �
 
�EE	( ��<7EEC

              '�EO
�P mEP @EP �V) \	) �C ��
 @39�K% \	) �
 "-�2V�.D

           �
)
 rC�EK% � ^Z#E% -�2EV�.D �O @C '
��� 1	�<A<D    '�EO  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             6 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 2�  �
� �$ �� ,��34 �2� � ��� �56'
	&7 2&�� ��
!  �
#…  

��a  

 �2[> . ,�� 8+� `3! �
��)ha (�
6!8=' ]I
L MN�-D� ��I
3� $��� �
#  

\<%( mP  '�O

'(���#&  
U<V 14<%( n$�C @Y$�	 :�� �B �+4� 12	�	+% +?)�  

��bfh �f�� � �h�f ��� �}�b ��hff �
�CW 

�����  �h�� }}�b h�a h af� ��fb -�B��g
 

}}f�� �� ���} }�f ��b} ���}� ���}� 
�CW(��<
 

�b��} h}b } h��f �� ���h f��� -�*	�u�� 

a���� ��� ���� baaf ��ff ��f�� ��bb� �./0)- 

h�ha� �}�a �bb} �ba ��� ���a} �aff� -��(�P 

��ba�f �ab �h�}a ah� �}��� ����� fa��� �D
��% 

�}}b h�b ���a ���b a} ��ab ���� 
�CW vY$ 

habah hf � b}�a ���� ��h�� �h�b� =J 

�a�f� �� �� f�a ��� h��� aa�� �I�.D 

���a�� ���� ���} �a}a �h�} �hf�� b�a�} ()�<D 

���f��� �b}�b �b�}� }���� ffa�� ���b}� f�a�f} @[K4% mP 

  

  �2[0 . �&
�I
! $8F�)� <�5&
�� �
��)/ okg ha (�
6!8=' ]I
L MN�-D�   �2[ �$ (2' �p7�7 ��I
3� $��� �
#>  

U<V 14<%( n$�C @Y$�	 :�� �B �+4� 12	�	+% +?)�  

�����  �  b�ha  f��f  �}f�  �h��  �
�CW 

�h���  h���  ���f}  aha�  }hb�  }hfb  -�B��g
 

�����  }�}f  �abh  faff  ���h  ���}  
�CW(��<
 

�ha�}  }���  ���h}  �bb�  ���b  �b��  -�*	�u�� 

�����  h���  �}a��  fbf�  }f}b  }f�f -�./0) 

�afab  �}�b ��f}a  fh��  ��b  ��f�  -��(�P 

��a�h  }���  b��h  a�b�  �h}�  }���  �D
��% 

�}aab  }�f}  �bhab  b�bf  }��f  }�}}  
�CW vY$ 

��hfh  �  ��h�}  �fh�  ��}}  ��a�  =J 

�}��h  ��}}  ��h�a  }ba}  ��f}  }���  �I�.D 

��ffh  }�fh  ���f�  aa��  �aa�  �}h�  ()�<D 

��fbh  }f�}  �����  fh��  �ab�  �f��  @[K4% mP 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             7 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' / 
)' (� "*+ � ,-' /
.+%� /01/  

��b  

  �2[q . �7$ $72�O ������ � ���)�)2B7� �7%# (�
6!8=' �$ ]I
L  
#)����
�� $
=[ �
��
!(  

TC +4/V�� ��<l @9�V�� � ���  

@4<AP  @4<#<C @4<AP @4<#<C @4<AP @4<#<C @4<AP @4<#<C 12	�	+% +?)�  

�f�  �}b  ��f  f��  �h��  �af�  ��  f�  �
�CW 

��  �}  }h  ha  �aaa  ��a�  �}  ��  -�B��g
 

�f�  �h�  �}�  �}�  ���  �h�  ��  }�  
�CW(��<
 

�a  �b  h�  f}  }fb  h��  }h  ha -�*	�u�� 

}f  }b  ���  �}�  h}f�  ffb}  f�  a�  -�./0) 

}�}  hfh  }��  }��  �hh�  �f��  ��  �h�  -��(�P 

�hf  �ba  ��f  }��  ���h  ���f  ���  �b}  �D
��% 

��  ��  f�  aa  �haa  }�a�  ��  �}  
�CW vY$ 

f�  ���  ��h�  ����  }�f�  hhb�  f�  ���f  =J 

}�  fh  h�  �b  �fb  ���  ��  ��  �I�.D 

}ha  f��  hbb  hbb  f�b�  f��h  �h�  a�}  ()�<D 

ha�a  ah��  b�fa  �bh�  f����  ff���  ����  h���  @[K4% mP 

  

@z)�)         �V) '(���#P 
�.B :�)(� �
 �+D)  5�+Bh( .  
��E% �


    � tW -�%(�EEV �
 
�EB�% :�EE�gl) () tgEI�
 \EEY9 �)+E[%

   @</L� T<$ � tgI�
  @$�!     -�./0) '�O) \<O�ED       � 5�AED "�.ED

t�4B ( �+D �
�/2V)   �EV) .     @EC @EB�� �EC  1EV�2V
       @EC \2ED)+$

              �EC :��#E% e�EV)�C "�E
�	(�C -�%(�EV �
 
�EB�% :��gl)

            +EA� �A7EJ @EP +ED ��E
 @El�C�% -�V�4D��P�   �EV�uAP 

  -�./EE0) �EEV�uAP @EE$�!��P �
 '+EE<9��) 
�+EE? @$R�EEVh� 

\��)TO (    1% N�L% -�./0) -�2V�.D �
       'T<_�E$ SZC � 
�D

   -W ())  
�+?�  +E0�
  (  -�2EV�.D 
�)�       1E% �E*	
 '�EO   ED
� .

  e�EEEV)�C -�EEEO�<� �
 '�� �EEEd�Q �EEEC F;��EEE% :�EEE�gl)

�()+$)  '�<�         r<[G� \	) �
 �+D ��Y$) '�O)       � �EB "�+E4� ')�EC

n$�C ()h(     SO�s� �	�V n	�2$ T<$ �         @E[K4% �
 @E2
�� ��Y$) '�O

 �+D ])�Z2V)  �V) .      '�� �d�Q \<*$�<% :��gl) \	) e�V)�C

)mg kg -1 (=.% �
 4% '(���#& :R�LG% \	��@C @[K   UE<���

 �EEC)�Cf/��" a/��" a/h�" �/��" a/f� � b/f� ')�EEC -�EEO�<� 

�+4�) @$)
(" �B) @$)
(" :��) @$)
(" n$�C) @$)
(" @Y$�	)  �)+E$) 

1	)�O (� U<V 14<%() �+Q (1% +D�C .�
)
       �
 �
�/2EV) 
��% '�O

              \EY9 "�EV�uAP "1$)�E<? '�EO
�P �
 '�� �Ed�Q �C X�;��)

    /7E
 '�O
�P � tgI�
   �
 ��   5�+EB f    �+ED ��)TE�      �EV). 

   �+ED +E<9�� �/7
 \<*$�<%)kg P yr-1 (   �)
 +E?)� ')() @EC)fP (

@EEC �EEC)�C UEE<����" �/�" h/� � h/� ')�EEC �)
 '�EEO "��EE� "��EE% 

+4/V�� � TC 1% +D�C .    �7E#$��
 @E_ ��)        @EC '�/7EA�) '�EO

   '
��� () 18	 -)�4�      w�! @C '�� 1�0) '�O      '(���#EP '�EO

 K4% e�<[% �
 @E[        �E�� @EC @E39�K% \E	) �
 "+427EO ~�EK% ')

        �7E#$��
 �
 '�� �d�Q ���C�
 1
�P :��gl) \2D)+$    '�EO

           
�EB� �<7% \	) () '
��� '�� ��D @;V�G% -�8%) "'�/7A�)

�D)+$ .=O             () '�� 
��� "1
�E& :�E�gl) 
�E;$ m<9
 @C \<4_

     �
W T<$ � '��<CW tW �<7%  SP          1*2ED�;$) +E$�� @;EV�G% �
 �O

��G9�+#$  �V).  

     1�s	� � w�! @C X�C�% :��gl)      @[K4% 1A<�J) '�O)  �E<d$

          -
�EC R�EC "@$�<9�V 1�+$��C -)T<% -
�C =&pH   w�E! �
     '�EO

         w�E! \E	) �
 oOW �	
�[% '
�	( � @[K4%   �EO (      @E& +ED U;EV

        
�#$ @2
�� �d$ �
 1	�#CW �)� () '�� ]��! .@C      �EC 1E�P ��l

  �
)
 ��A� t�72?)       e�2EV
 mC�J '�O      � 
��� '�O�<7E% ')�EC  

   

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             8 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 2�  �
� �$ �� ,��34 �2� � ��� �56'
	&7 2&�� ��
!  �
#…  

���  

 �2[r . �6+8+2� 2B7� 8# �� �R3�� �$ (2' 2�I�O ,!�^)� � �bc
� <�I ��+
�)�' �
#$�� $��� �72R�)ton yr-1.(  

��P�% '�O
�P 
 ��<$�%W '
 � �$�%

:�/7
 

 � �
�V :�/7
���V

mu	�� 
tgI�
 \Y9 �V�uAP 12	�	+% +?)�  

���  aah  �h�}  �  �  �
�CW 

���  ����  �f�b  �h  �  -�B��g
 

h�}  ��a�  ��bb  �  �  
�CW(��<
 

�f}  b�f  ����  �  �  -�*	�u�� 

�}��  }b�b  �h��}  �h}��  �h���  -�./0) 

}h�  �h�a  }b�}  �  �  -��(�P 

�afh  f�hf  �f�f�  �  �  �D
��% 

���  a�h  �f��  654 �  
�CW vY$ 

����  ��f�  ��a�  �  �  =J 

�aa  �fb  ��}b  �  �  �I�.D 

��f�  hf�a  �fa��  �  �  ()�<D 

�fff�  h����  �}f�hf  �b�f�  �ah��  @[K4% mP 

  

  �2[s . ��� ,V�L <�5&
��)mg kg-1 (8@A� �� ��� ,	A& � �bc
� <�I �,!�^)� ��+
�)�' �
#$�� �$ )g Zn kgP-1 ( _7�&7 �$

��7$ �
#$��  

1%)
 '�O
�&  1	�<A<D '�O
�&        

TC  +4/V��  ��%  ���  
 ��<$�%W '


:�/7
  
��P�% 

�/7
���V :

mu	��  
�
�V :�/7
���V  

 \Y9

tgI�
  
�V�uAP    

�f  ��  �b  ��  ����  ��aah  ����  �h�  ���h  ���  \<*$�<% 

h  �  h  h  h�  �h���  ���  h�  }h�  a  std 

  

     \<C "-�2V�.D @C @27C '�� ]��!�h   �� ��    1

�LE� �E<{2% 

    +D U<P�� ^Z#% j	(�� �C .      -
�EC e�2V
 �
 :��0 �


       <*$�E<% @;EV�G% -�E8%) � :��gl)      "
�)+$�2EV) N)�EG$) � \

 �
)
 j	(��             +ED @E2
�� �Ed$ �
 5�E%�$ �O .     �+E� :��E0 �


     jEE	(�� "
�)+$�2EEV) N)�EEG$) � \<*$�EE<% @;EEV�G% -�EE8%)

  '�EEO
�P "��EE<� �
 �EE0�4� �EEd�Q 
��EE% �
 � �EE!)�48	

         k�E9 jE	(�� "tgEI�
 \Y9 � �V�uAP "1$)�<?     �
 5�E%�$

+D @2
�� �d$.  

tD� � e+
6&  
    )
 \2
�� �d$ �
 �C�
           �)+E[% "\<#E<� SZC �
 �+D �	�#� '�O

        e�<[% �
 -W �<3KJ �+� � '�� �L4� �D�;$)     -�2EV�.D '�O

@<;D @[K4% � +D '(�V.  

  

�
6!8=' Y
�R�  

  n	�2$@C  �+%W �V
  5+% ()         oE<8/� @EC '�� �ED�;$) ��$ '(�V

            �
 @E[K4% � -�2EV�.D �KEV �
 12	�	+% '�O+?)�   5�+EBa   

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                             9 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' / 
)' (� "*+ � ,-' /
.+%� /01/  

�}�  

  �2[u .&7 � <�5&
�� ��� C�8� � $��� $�72&
6!7 G78D)g ha-1yr-1 (�HU+� � f�6v� �
#8�A� �7  W�F@O �� ,'
	&7 i8& �+��O �
#

�6+8+2� �
#2B7�  

 mP

'
��� �O  
�D�;$) ��$ ��<� FV�� �D)
�C 1	�<A<D '�O
�P 1$)�<? '�O
�P 

 +?)�

12	�	+% 

\<*$�<%  CV% @4%)
 @4<#<C @4<AP \<*$�<% Std \<*$�<% Std �<%\<*$ Std \<*$�<% Std  

�b�f  �}  �}ab  ��b}  b�h  �h��  ��h  ����  ��  �af  �a  �}}�  ��}  �
�CW 

����  ��  �fbb  �b��  �}�  �a�  ��h  �����  ��h  fhh  �b  �}�a  ���  -�B��g
 

fh}  �h  }�a  f�}  �bf  }�b  f}  ��f�  ��  �h�  ��  ��h  h�  
�CW(��<
 

��}b  �f  bb�  ���  ���  h��  �b�  f}b�  a�  �a�  �f  af�  �fb  -�*	�u�� 

�a��  �h  ff�  ��f}  f��  ��h  ��a  b�h�  }f  fba  ��  a�}  ��f  -�./0) 

��a�  ��  ����  �}�b  }�f  b�}  �ff  �fh�  }f  ���  �� aaa  �h�  -��(�P 

�}��  ��  �}�f  �f�}  ��b  b�a  �}�  hb��  �b�  aha ��  fh}  �f�  �D
��% 

�b��  ��  ���b  }a��  �a�f  ����  ff}  b���  ��  b��  �a  ����  ff�  Y$
�CW v 

���b  ��  }}��  hb�f  �}�f  ��h�  bf�  �}b�  �a  h�}  �  �ff}  bh�  =J 

�hb  �  �}�  bh�  h��  fff  f�  ����  �f  ha�  ��  �bh  h�  �I�.D 

�a�h  �b  �}a�  ��fh  a��  �}�}  �hf  �b��  �}  h�a  �  ��b�  �h}  ()�<D 

�b��  �a  �}h�  ����  b}}  �h�h  �hb  ��f�  �  h��  f  ��h}  �h}  @[K4% mP 

CV%{� U	�I +0�
 U7?�C :)�<<  

  

 �+D @0g!  �V) .    w�! �
 '�� �D�;$) ��$      � '(���#EP '�O

  �<9�3
 �p) �
     -�2V�.D �
 '(���#P '�O        () @E39�K% 
��E% '�O

 
�+?g ha-1yr-1 }�b) (��<
 -�2V�.D 
�CW ( �E�g ha-1yr-1 ���� 

) vY$ -�2V�.D  
�CW (  1E% �<{2%   +ED�C .       �
 \E	) F	)�ED @7E	�[%

  1% -�#$ -�2V�.D  
      vEY$ -�2EV�.D @EP +O      �KEV ')�)
 
�ECW

    �)
 =P)�� mP �
 � �
�C 
�CW(��<
 @C �;7$ '�2AP 1�)�() �
 �

   1$)�<? '�O
�P 
�C��P @Y<2$ (         ��EP @EC 1	�<A<D 
�P �)+[% T<$ �

          �V) �2#<C -W �
 �KV +?)� ')() @C @2
�)5�+B     '�EO} � h(. 

\<*$�<% '�O      5�+B �
 �+D ��)T�a     O \<*$�E<% jJ)� �
   \E*A

+EED�\<EE%( mEEP �
 '�� �EED�;$) �)+EE[%   �EEO '(���#EEP '�EEO

1% -�2V�.D +D�C.  

                 \EY9 "1$)�E<? '�EO
�P @EP �E<3J)� \E	) \2
�E� �d$ �
 �C

               �
�/2EV) -)(���#EP () 1E!�C FEV�� �E.4� �EV�uAP � tgI�


1%    =O � 
�D          N�LE% �)+[% �
 
�	( ��<7C :��/� @C @B�� �C \<4_

    % "-���)( FV�� 1	�<A<D '�O
�P1          �)+E[% @EP �ED)
 ��d2$) -)��

   SZC �
 '�� �D�;$)    \<%( () 1	�O        �E	 �2#<C ��<7C '(���#P '�O

    �+D @;V�G% �	
�[% () �2AP  +D�C .       
��� \<*$�E<% "n	�E2$ e�EV)�C

  \<%( @C '��      -�2EV�.D �
 '(���#P '�O         �
 @E39�K% 
��E% '�EO

     \<%( ')�C �+D ��)T� \<*$�<% @4%)
     '�O��#EP '(���#EP '�EO

��)  
�)
 �)�J 1	�� .    -)��8AO � ��P)f(       '�� 
��� �)+E[% \<*$�E<% 

 w�! @C             e�E<[% �
 )� y<z�V t�Q 5�AD �
 5(�C '(���#P '�O

\<C @��T% g ha-1yr-1 ��� �� kg ha-1yr-1 b/�� @[K4% e�<[% �
 � 

�EEC)�Cg ha-1yr-1 f�h+EE$
�P ��)TEE� .@EE39�K% �
   FEEV�� @EEP ')

    -)��8AO � -�72*4C)�(  � ��Y$)        '�� '
��� ^9�E! ��ED "�
�

        19W � 124V �	�	+% �C ��)T% @C)o<$���) (     +z�EV ��D 5�AD �


 �EEC �EEC)�C UEE<��� @EECg ha-1yr-1 }}� � g ha-1yr-1 ��� ��)TEE� 

�+D          39�K% �
 �+D @;V�G% �	
�[% () �2AP @P �V)c   �EV) �I�?  .

EE39�K% �
c � 1	�<A<EED 
�EEP �<EEO oEE<$���) ��)TEE% ���EED) 
��EE% 

    

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                            10 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 2�  �
� �$ �� ,��34 �2� � ��� �56'
	&7 2&�� ��
!  �
#…  

�}�  

�
W    1#P)Q   () �<���) ( +$
�8$ �
�	�
 .      ��gE� 124EV ��)T% �


       @$x��2<$ '�O
�P �	�V () ���) �C)        '�� 
��� �
 �E.$W =.EV @P

 
�C T<_�$ (  +D �
�/2V) T<$ .        
��� 1�E0) jE;4% 1$)�E<? '�O
�P

     TE<$ �E.$W FEV�� �+D 
�)� '�� �)+[% �%) +$
)
 m<8#� )� '��

@C  \<*$�<% ��l) @EC  UE<���g ha-1yr-1 �f��  }ba   ��)TE% ')�EC 

  124V � o<$���)(        �I�? SO�s� �
 �+D @;V�G% �	
�[% () �2AP

)     
�CW(��<
 -�2V�.D 
��% �
 TB @C (
�C.       \E	) \2
�� �d$ �
 �C

      w�! �
 mP '�� �)+[% @P @28$       1��E39�K% @[K4% '�O) @EC   ��El

 \<*$�E<% mg kg-1�/ah (     @2ED)
 �)�EJ 1E3<;l F	)�ED �
)h( � 

   �;AP ��G9 () 1�8#%           w�E! \E	) �
 mEP '�� �<AEV �	 
    �EO

  1% "+#$ �+O�#%         w�E! \E	) @EP �/� -)��          �
 �Ed$ \E	) () �EO

   +$�)
 �)�J '+��7% F	)�D . 1���0 �
       @EC '�� 
��� �)+[% @P

\<%(            FV�� '�� �D)
�C () S<C 1AP �	 5
�3% '(���#P '�O

    
��� "+D�C ��<�)@C (     w�! \	) () '�� ]��! �       F	)�ED �
 �EO

 )�J -()�2% 
�)
 � .     @EC '�� '
��� ��ED @E39�K% \E	) F	)�D �


w�!            '�� () S<C 12	�	+% '�O+?)� ��A� �
 @39�K% 
��% '�O

             () -�2EV�.D e�E<[% �
 � �
�C ��<� FV�� �+D �D)
�Caa/� 

        �E� -�E*	�u�� -�2V�.D �
 �C)�Cbb/��        =EJ -�2EV�.D �
 �EC)�C 

 
�C �<{2% .            '�� '
��� ��ED 1��E39�K% @E[K4% mEP ')�C��/f 

   �D)
�C '�� ��D �C)�C     
�C ��<� FV�� �+D .   '��<7C �
 \	)�C�4C

 -�2V�.D ()    @C � �O         �ED�;$) 1��39�K% @[K4% mP �
 \<*$�<% ��l

w�! �
 '�� @C �O =#_ :��0 1% ��/�) '�<� +2
).  

   SO�s� "@C�#% :�39�K% �
        �D�;$) ��$ \<<3� @C �)+J) -)��

       E$ n	�2$ -W e�V)�C � �
�A$ 1$)�GC       �+ED @;EV�G% �ED�;$) ��

 5+% FV��       �V) @2
�� �)�J 1C�	(�) 
��% �O .    �)+E[% @$�A$ ')�C

  
�.4#E<� 1$)�GC           -)��E8AO � �E�P FEV�� �+ED)f(   ��E$ ')�EC 

 �C)�C '�� �D�;$)g ha-1yr-1 �����V)  .    1E$)�GC �)+E[% \E	)


�.4#<�               :+E% �
 @EP �EV) 12ED�;$) ��$ �C)�C �+D���   5�EV 

   �� �d�Q S	)T
) >��C          1$�E4& �)+E[% () =ZD @	R rA� �
 '

)@C \<*$�<% ��l mg kg-1 fh(    1E$)�GC �Ed�Q @ECmg kg-1 �h� 

 
�EED)  
�.4#EE<� y<	�EEV ��#EEP ')�EEC 1EE$)�GC �EEd�Q \EE	)

�+D  �V) ()f( .          -
�EC R�C � o#! F	)�D -
�C =P�? ��� @C

pH w�!       1��39�K% @[K4% '�O)    �! �C @7	�[% �
      @E39�K% '�EO

    O � ��& FV�� �+D  -)��,A)f((        �
 '�� �Ed�Q 1E$)�GC +? "

w�!     1E% �E% @E39�K% 
��E% '�O    () ��
�E	( +E$)��mg kg-1 �h� 

 
�D ��
 .             �
 �E�� @EC @& �D)
 @B�� +	�C �*	
 '�V () �%)

   �
)
 -
�E;$ e�2V
             ��E$ "'�EB �7E#$��
 @EC X�EC�% '�EO

           �
( \<AZ� 13J)� �)+[% () �2AP �I�? @39�K% �
 '�� �D�;$)

�V) �+D.�
 5�+B  a � \<*$�<% "@$�<9�V �D�;$) ��$ �C ��g� 

              '�O�<7E% () '�� ]��E! �E	 � 
��� �)+E[% 
�)+$�2V) N)�G$)

   �+D �
)
 -�#$ v�2Z%   �EV) .        -�EO�<� �
 '�� �Ed�Q jE	(��

   -�2V�.D ��A� ')�C v�2Z%    �
 �
 �OW 5+% +4	      �
 -�7E8	 "'(�V

+D @2
�� �d$.   ) '�� ]��E! ��E$ �
 �<<{� ��� \	)�C�4C �)� (

   -�2V�.D �
 -�O�<� �D)
�C         �#P �KV � ��$ @C v�2Z% '�O

      1% X�C�% -�2V�.D �O �
 U9�Q -�O�<�   +ED�C .    Ng2E!) mE<9


         \<E%( @EC '�� @$�<9�EV 
��� �)+[% 
�	(       �)� () '(���#EP '�EO

                 �EO �
 UE9�Q �)
 =P)�E� � ��E$ �
 :��E/� "1$)�E<? '�O
�P

 1% -�2V�.D  +D�C .       �E! @EC '�� 
��� \<*$�E<%        rE	�l () �EO

 tgI�
 \Y9 
�C��&)g ha-1yr-1 (-�2V�.D �
    � -�./E0) '�EO

@EEC 
�EECW vEEY$  �EEC)�C UEE<����}� � ab �	�EEV ')�EEC � �
�EEC 

-�2EEV�.D   () �EE2A& �EEO� +EE	
�� @;EEV�G%  . �)� () '�� 
���

       1% @B�� mC�J -�./0) -�2V�.D �
 �.4� �V�uAP    +D�C)@C   ��El

\<*$�<% g ha-1yr-1 ��a.(  

@�$�4_          @EC �<7E% �EO () 
��� �)+E[%       () '+E0�
 :��E0

             �EO SE[$ "

�E� @;V�G% '�� @$�<9�V 
��� �)+[% mP \<*$�<%

    1% \<<3� 
��� '�O�<7% () o	 
�D .    '�EO
�P "e�EV) \E	) �C

   =.% 1	�<A<D � 1$)�<?       \<%( @C '�� 
��� '�O�<7% \	��    '�EO

     1% @39�K% 
��% @[K4% �
 '(���#P   +4ED�C .  () '�� 
��� =.EV 

       
�+? () 1$)�<? '�O
�P 
�C��P �)��h    �� +0�
 b�    � +E0�
 

        
�+E? () 1	�<A<D '�O
�P 
��% �
�a      �E� +E0�
 fh   +E0�
 

 �V) :��/2% .        tgI�
 \Y9 � �V�uAP �)�() '�� 
��� =.V

   '
��� �	�V @C �;7$           TEB � �
�C T<_�$ -�2V�.D e�<[% �
 �O

               () �E2AP "-�./E0) �.ED �
 tgEI�
 \EY9 
��% �
� 
   +E0�

1EE% +EED�C . 1EE% tgEEI�
 \EEY9 � �EEV�uAP @EE2;9)  �
 +EE4$)��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                            11 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' / 
)' (� "*+ � ,-' /
.+%� /01/  

�}�  

e�<[%  o_�P '�O               1.B�E� mEC�J �E<AO) () @E��T% +E4$�% �E�

 +4D�C �)
��!�C .  -W ��
 �C      @C -�2V�.D �O �)
 @P     �+EA� ��El

 
��� FV��c          �+ED @E	�{� -�2EV�.D -�EAO �
 '+<9��     "+4ED�C

    1% )� �)� \	) () �0�4� 
��� () 1#ZC )� �
 -)��    -)�E4� @EC jEJ

        �
�� �d$ �
 -�2V�.D -�AO -��
 �
 �0�4� �
�� .   \E	) �


=.% -)�4� @C 1	�<A<D '�O
�P :��0  () '�� 
��� m%�� \	��

   =27<V�P) ]��!)-�2V�.D (   \<E%( @EC        ~�EK% '(���#EP '�EO

1% +$�D.  

  

�R3�� Y
�R� �7  

 \<*$�EE<% ')�)
 @EE[K4% e�EE<[% �
 '�� �EED�;$) ��EE$ jEE	(��  

 g ha-1yr-1�h�} 
�)+$�2EV) N)�G$) �  g ha-1yr-1�hb 1E%    +ED�C

)  5�+Ba .(    @E[K4% e�E<[% �
         �7E#$��
 t�7E2?) -�+EC ')

  
�+EE? 1$)�EE<? '�EEO
�P "'�/7EEA�)f� '�EEO
�P � +EE0�
 

   
�+? 1	�<A<D��           \<E%( @EC �+ED 
�)� '�� mEP +0�
     '�EO

   1% m<8#� )� '(���#P  +4O
 .  @[K4% e�<[% �
    
��� \<*$�<% ')

\<%( @C '�� O �V�uA& � tgI�
 \Y9 r	�l () '(���#& '�

)g ha-1yr-1( @C  �C)�C U<����� � a+	
�� @;V�G%  . � mEC�Jq  +E<P

         �
 '�� �ED�;$) ��E$ �
 1$)�<? '�O
�P '�)���<pq� @& �V)

           @C '�� �D�;$) �
 �.$W =.V � �
�C 13I�% 12	�	+% '�O+?)�

    1% �.$W '�� �)+[% m<9
  +D�C .      -W () �*	
 :��;� @C    \E	) @P ��

      1EA$ �
�/2V) -)(���#P @AO FV�� �O
�P        ��E$ @;EV�G% +$�ED

            1$�E8% �<3KJ �+� �C 1$�%( �<3KJ �+� �C ��g� �.$W �D�;$)

  �V) �)�AO T<$ .        jE;4% -)�4� @C 1$)�<? '�O
�P �<AO) \	)�C�4C

\<EE%( @EEAO �
 '�� 
���  @EE[K4% @EEC rEE�32% '(���#EEP '�EEO

  �7<$ -�78	 1��39�K% .  ��8AO � ��P  -))f(     @EP +$
�P ��)T� 

     \<%( @C '
��� '�� mP ()      �
 y<	�EV 5(�EC '(���#EP '�EO

 @<?�$ e�<[%     
�+? "')ff       1$)�<? '�O
�P 
�C��P �)� () +0�
 

 
�+? ����+D 
�)� '�/7A�) �7#$��
 �)� () +0�
  �V).  

  

��� �56'
	&7 i8& �$ ,��34 �2�  

            �EC ��gE� "5+% n	�2$ �
 �<3KJ �+� 1V��C ')�C  \<*$�E<%

     @C :)�<<{� "�+D @;V�G% 1*2D�;$) ��$       ��E$ ')�C �+%W �V


       @<;ED UE<P�� () �
�/2V) �C 1*2D�;$)         � �9��EP �E$�% '(�EV

@$�A$                
�E<� �)�EJ �Ed$ +E% +E	�C t�<P�u	�EO \<E�R '�)
�C .

	�  1�s            �
 '�� 1*2ED�;$) ��$ ')�C �+D @;V�G% j	(�� '�O

   5�+EEB �
 @EE39�K% 
��EE% 12	�	+EE% '�O+EE?)�a @EE0g! 

�+D  �V) . 1�s	� \	)      e�EV)�C �O�h��      () vE�2Z% UE<P�� 

     1

�L� �<{2% '
�	( 
)+3�)@C      () S<C \<*$�<% ��l�h  �<{2% 

     12	�	+E% +?)� �O ')�C 1

�L� (   �+ED @;EV�G%   +E$) .  n	�E2$

     5�+B �
 �+D @0g!a -�<C "          ��E$ 
�E	( ��<7EC :)�<<{� ��

    EV�.D \<EC �
 '�� ')�C �+D @;V�G% 1*2D�;$)-�2   �
 � �EO

1% -�2V�.D �O -��
 +D�C.  

      1*2ED�;$) ��$ @;V�G% �
 �<3KJ �+� 
�B� () @28$ \	)

  
�)
 �	�8? '�� .  5�+Ba  1% -�#$        @E4%)
 \	�2#<C @P +O



�+? "1*2D�;$) ��$ :)�<<{�g ha-1yr-1 }}��   @EC X�EC�% � 


�+EE? "-W \	�EE2AP � �
�EEC =EEJ -�2EEV�.D g ha-1yr-1�}� 

   % �I�.D @C X�C�%1   +ED�C .        1*2ED�;$) ��E$ 
)+E!� 5�EA2?)

     -�2V�.D () o	 �<O �
 1/4%      
�)+$ 
�B� @39�K% 
��% '�O .

           () w�! @<�Z� 5�A2?) "1$�4P 12	�	+% F	)�D �
 "1���;� @C

      -�2V�.D () o	 �<O �
 '�� �L4�   
�)+$ 
�B� �O .  +	�C @2;9)

            @E39�K% \E	) �
 '�� 1*2D�;$) ��$ @;V�G% @P �D)
 @B��

 <[% �
   @<?�$ � -�2V�.D e�      1.	+EC � �EV) @E2
�� ��Y$) ')

         ��)TE% @EAO ')�EC 12	�	+% F	)�D -�2V�.D �O �
 @P �V)

 �7<$ -�78	 .\	)()   19�?�
 ��         mEP ')�EC 1*2ED�;$) ��$ @P

           ��)TE% 1!�C �
 -W -
�C 1/4% 5�A2?) �V) �;�% -�2V�.D

  
�)
 
�B� -�2V�.D .      \<*$�E<% 
�	( Ng2!) @C @B�� �C    '�EO

�G%           +E	�C '�	�E��<<{� �)+[% @7	�[% "1*2D�;$) ��$ �+D @;V


�EE<� ��EEY$) :)�EE<<{� U	�EEI e�EEV)�C . :)�EE<<{� U	�EEI

           () '�� 1*2ED�;$) ��E$ ')�EC �+D @;V�G%�     ')�EC +E0�
 

   �� �I�.D�f         �EV) :��E/2% -�E*	�u�� ')�EC +0�
  .  �E��

  �
 '�� �EEED�;$) �)+EEE[% :)�EEE<<{� U	�EEEI �
 :��EEE/�

-�2V�.D        1ED�$ vE�2Z% '�O     �
)
 :��E/2% ��2!�EV ()    '�EO

@C �
 �
 @2
� ��PW5+% +4	 �V) '(�V.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                            12 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 2�  �
� �$ �� ,��34 �2� � ��� �56'
	&7 2&�� ��
!  �
#…  

�}�  

 2� e+
6& ,��34 �2� �$ ��$
-O �
#8�n6� ?R&  

5+%         @C "1

�L� '�O�<{2% S[$ \<<3� ')�C 1$�<V��� '�O  ��l

    () �2#<C \<*$�<%��         @;EV�G% 1*2ED�;$) ��$ :)�<<{� () +0�
 

 @C �+D     +$
�P 1C�	(�C )� 5+% @�<V� .  ���      -
�EC 1EK! "�%) \	)

                 ��E$ �EC 5+E% �
 �+ED �
�/2EV) 1

�LE� '�EO�<{2% \<C @KC)�

  �V) '�� 1*2D�;$) .     '�O�<{2% ')�C -�<V��� U	)�I e�V)�C

   �	
�[% "1

�L�SRC    +D @;V�G% �.$W ')�C  .    U	)�EI ��EAY%

        +E0�
 U7E?�C �+D 
�)+$�2V) "-�<V��� )SRCAP (   ')�EC

         D �
 '�� ]��E! � 
��� =E.% '�O�<7% -�2EV�.      
��E% '�EO

   �
 @39�K%  m,D�  �+D @z)�)   �V) .       �	
�E[% @EC @B�� �CSRCAP 

              �ED)
�C �)� () -W ]��E! � 1$)�<? '�O
�P �)� () '�� 
���

      +$�)
 5+% n	�2$ �<3KJ �+� �
 )� �<pq� \	�2#<C ��<� . n	�2$ \	)

 1% -�#$              �+E� �C ��<� �D)
�C �)� () '�� ]��! �<pq� @P +4O


   n	�2$ �<3KJ     \<EC 5+E%��         �E� �
�ECW �
 +E0�
 }�    �
 +E0�
 

  �V) :��/2% �D
��% .  @[K4% e�<[% �
        �EC �<7% \	) �<pq� "')

     5+% n	�2$ �<3KJ �+���  1% +0�
   +D�C .      :��E/� \E	) �E��

1%     �O �
 U9�Q :R�LG% �#P �	( �KV � ��$ m<9
 @C +$)��

+D�C -�2V�.D .  

@C   2#<C 1$)�<? '�O
�P () �
�/2V) 1;7$ ��l  �EC )� �<pq� \	�

    +$�)
 5+% n	�2$ �<3KJ �+� .        �+E� 
�EY	) �
 '
��� \	) =.V

    
�+? \<C �<3KJh}         
�+E? �E� �D
��% -�2V�.D �
 +0�
 

bh     1% :��/2% �
�CW �
 +0�
   +D�C .   :��/� \	) 
�B� ���    "�EO

   �
)
 ��2!�V �
 :��/�      1E% 5+% '
��� '�O   +ED�C .     () oE	 �EO

     )�)
 '�� ]��! � 
��� '�O�<7%       @EP +427EO �<{2% '
)+3� '

  @C �<{2% �O      ^Z#% j	(�� o	 :��0)    "\<*$�E<% "@4<AP ')�)


    
�)+$�2V) ��<3% N)�G$) � @4<#<C (   1% 
�)� 5+% @C 
�D .   @E_ �O

  �
�27� �O�<{2% j	(��             "+ED�C �2#E<C �E.$W :)�E<<{� U	�I � ��

             5+% 1	�.$ @Y<2$ T<$ � �<7% -W () �+D @;V�G% '�� ��D) ��$

2D�;$) '�� 1* (  �
�27� j	(�� ')�)
          �2#E<C �E<3KJ �+E� � ��

 
�C +O)�! .            �)� () '�� �+ED @;EV�G% ��ED �<3KJ �+� @_�O

               �+E� �
 �<7E% -W =.EV "+D�C �2#<C ]��! �	 
��� �<7% o	

     5+% 1	�.$ @Y<2$ �<3KJ)  '�� �D�;$) ��$ (    +EO)�! �2#<C T<$


�C.  �+A� =.V             KJ �+E� �EC 1$)�E<? '�O
�P �<pq� () ')  "�E<3

       1E% 1Q�% � '��� '�O
�P @C X�C�%     +ED�C)     �
)
 -�#E$ n	�E2$

�+#$  +$) .(         () �<3KJ �+� 
�Y	) �
 1	�<A<D '�O
�P =.Vbb/� 

     �� ()�<D �
 +0�
��/��      �EV) :��/2% �I�.D �
 +0�
  . �


    1��39�K% @[K4% mP) @[K4% e�<[%  ') (  
�+?fh     \E	) () +0�
 

     X��Z% '�O
�P @C X�C�% �<3KJ �+� 4�    � �
�C N�L%�� �0�

�h  1J�C +0�
           ��/7E
 '�EO
�P @EC �+$�%)      '�EO
�P \<EC �
 �

 
�+EE? �
 � @EEAO () S<EEC mEEu	�� :�/7EE
���V ��/7EE
�h (%

 �D)
 ��L2!) .             �+E� �EC �EV�uAP � tgEI�
 \EY9 �<pqE�

N�0 mC�J � =P "5+% n	�2$ �<3KJ 
�C -
�P �d$.  

       5+E% @EP �EV) '��W
�	 @C �(RMFA   jE	(�� jC�E� ) E4<AP "@

     
�)+$�2V) ��<3% N)�G$) � @4<#<C "\<*$�<% ( -�E	�B      � '
��� '�EO

    �
 5+E% '
��� '�EO�2%)��� :)�<<{� \2
�� �d$ �
 �C )� 1B��!

    1$�%( �(�C o	)    @39�K% \	) �
��  @9�EV  (       12!)�E48	 ��E
 �EC �

          1E% @E	)�) 12	�	+% +?)� mP �
 �<7% �O �<AO)  +E4P .   jE	(�� �E%)

     o	�O \*AO�$ � 5
�32%�$        �
 1$)�E<? '�EO
�P �sE	� @C �O
�P ()

   #4% 
�! "12	�	+% '�O+?)�q        n	�E2$ �
 1$�8% �<3KJ �+� 
�Y	) 

 1% 5+% 
�D .  
��E% e�<[% �O ')�C 5+% n	�2$ 1$�8% �<3KJ �+�

   1E% )� 1V��C                  e�E<[% �
 5+E% n	�E2$ mE<�G� � @E	TY� �EC -)�E�

o_�P  ��     
)
 �)�J >GC 
��%  .      �D�;$) ��$ j	(�� 5��% ')�C '��

  \<*$�EE<% ')�)
 @EE[K4% e�EE<[% �
g ha-1yr-1 �h�}1EE%   +EED�C

19�?�
    :��/� @C @B�� @P         1E% -�#E$ 1$�E8% '�EO       \E	) @EP +EO
  

@4<AP () �)+[% g ha-1yr-1 ���    @4<#E<C �E� -�E*	�u�� -�2EV�.D �
   

 g ha-1yr-1hb�f�V) �<{2% =J -�2V�.D �
 .  

   �
 @39�K% \	) �
W   7#$��
 "1	�#CW +4$�% 1	�O+4	  '�B �

        �+#$ @2
�� �d$ �
 1CW � '
�C S	�V�
 �   �V) . �
 \	)W �O+4	

@C       @EC �<pq� "'�B �7#$��
 �s	�          1*2ED�;$) +E$�� �EC 1	)TEV

  =O � �0�4�     @C -W �<3KJ �+� \<4_     12340 1?)�$ �
 �s	�    �E�

   
�)
 @39�K% 
��% @[K4% . 39�K% �
c         � �E�P FEV�� �+ED ��Y$) 

  -)��8AO)b(   
�+? �f   +� () +0�
     5+E% �
 �<3KJ �    '(�EV

   ��)TEE� '�EEB �7EE#$��
 () 1EED�$ '�� 1*2EED�;$) ��EE$

�+D  �V) .         -�2EV�.D \<EC �
 1$)�E<? '�EO
�P 5
�;�      TE<$ �EO  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                            13 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' / 
)' (� "*+ � ,-' /
.+%� /01/  

�}}  

  

 a*'/ . 2P�$ ]AB8� (2' $�72&
6!7 ���!8H� ]+78c _�)��)SRCAP ("=� �78�  �
#2B7� �$ ��� C�8� � $��� �
#8�A� <+8O

��I
3� $��� �6+8+2�  

  

1%  $)��  +D�C �)���<pq� 5+% n	�2$ �C + .@C   �E<3KJ �+� "5�A3% ��l

 5+% n	�2$       �7	( :�39�K% �
 �
�/2V) 
��% '�O       @7	�[% �C "1K<G%

      �()+$) �	
�[% �C 5+% () m0�? n	�2$        �)�EJ 1EV��C 
��% �+D '�<�

1% 
�<� .@C     (�<$ ��� \	) '�<���P @C        
�E	( ��<7EC :��gl) 
�B� 

    R�l 1$�%( e�<[% �
 �   1�s	� 
��% �
 1$     =O � w�! '�O    \<E4_


�)
 :�EE�gl) �	�EEV � 1EE�)�( :�EE�gl) . \2EED)+$ @EEC @EEB�� �EEC

            n	�E2$ �E<3KJ �+E� =<[27% 1C�	(�) "1���gl) \<4_ @C 1V�2V


 -�8%) "5+%   1A$ �	��  +D�C .          �EV) �(R "1
+EO \<E4_ @C m<$ ')�C

 mL2% w�! S	�� =27<V o	 @C 5+% \	)
�D )b(.  

  

���6& 8�H�  
           �E<9�3
 �<7E% () '�� �L4� �D�;$) ��$ �I�? @39�K% �
    '�EO

  \<%( �
 '(���#&     -�2V�.D 1!�C 1�)�( '�O     `#! @[K4% '�O

          �E
�� �)�EJ 1EV��C 
��E% `#! @A<$ � .     � 1$)�E<? '�EO
�P

 =.% 1	�<A<D       \<%( @C '�� 
��� '�O�<7% \	��      '(���#EP '�EO

 [K4% �
c   +$
�C @39�K% 
��%  . e�<[% �
   �.D '�O     "@E[K4% � -�2EV

  @C 1$)�<? '�O
�P    j;4% U<����h   �� b�   � f�     '�EO
�P � +0�
 

 @C 1	�<A<D    j;4% U<����a    �E� fh   � ��        
�)� '�� mEP () +E0�
 

  \<%( @C �+D     +E$
)
 m<8#� )� '(���#P '�O.   @<;ED n	�E2$   '(�EV

           \E	) '(���#P 12	�	+% F	)�D @P 
)
 -�#$ '�� 1*2D�;$) +$��

w�!     �.D ~�KV �
 �O  k�TC � -�2V  ��       '�	
�E[% �D�;$) @C �Y4% 

  w�! �
 '��   [K4% '�Oc   1% @39�K% 
��%   
�D .      \2
�E� �Ed$ �
 �C

     �<9�3
 �C ��g� @P �<3J)� \	)       '�	
�E[% @$�<9�V "'(���#P '�O

       w�! \	) @C '�/7A�) �7#$��
 �)� () '��      1E% �
�TE
) �O    
�ED

1%              E�3
 �	�	+E% @E%)
) :��E0 �
 @P �
�� @Y<2$ -)��   \E	) "1

w�!         1% �
�	�
 '�� 1.B�� mC�J �	
�[% @$�<9�V �O  +44P .  �%) \	)

    '�)�D
 
�Y	) �C �V) \8A%          � \<E	�� w�E! 1�
�9W +4$�% 1	�O

      @E	�{� �0�4� 5
�3� -
��! =O �C        �+E4	W �
 "w�E! �
 ')     @E$ ')

            +E4P ��EC�� ��l�Z% �C )� @[K4% �
 �)+	�� '(���#P "��
 -)+4_ .

   *2ED�;$) ��$ @;V�G%             �E<3KJ �+E� �EC �)�EAO @E[K4% �
 '�� 1

1%  +D�C .   =.% "m0�? n	�2$ e�V)�C        �+ED @E39�K% '�O�<7% \	��

        -�2V�.D �
 '�� 1*2D�;$) ��$ �<3KJ �+� �C �p�%      
��E% '�EO

 
�P "@39�K%    @C 1$)�<? '�O             () yE� � 1EQ�% � '��� ��$ () �s	�

     1% ��<� FV�� '�� �D)
�C -W  +4D�C .  @C n	�2$ @7	�[%  �V
  �+%W 

   5+% v�2Z% ~�KV �
     '(�EV)          �EC -�2EV�.D �KEV 5�E�% ')�EC

@[K4% (     �E<Q j	(�� @P 
)
 -�#$          �E<3KJ �+E� "�EO
�P �E!)�48	

      1E% U;V )� 1.B�� mC�J 1$�8%   
�ED .     19�E?�
 @E$�A$ ')�EC   @EP

:��/�  -�2V�.D \<C '�O       jE	(�� � 
�C��EP �Ed$ () vE�2Z% '�EO

       @E[K4% �ED�;$) ��$ @;V�G% ')�C �O
�P   �� ')      @E2
�� �Ed$ �
 '

1A$            @E[K4% () 1#ZC �
 '�� �D�;$) ��$ "
�D)   =EJ -�2EV�.D (

1%     �� +$)��h�         �E*	
 SEZC () S<C �C)�C )   -�E*	�u�� -�2EV�.D (

+D�C.   

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

                            14 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html


 2�  �
� �$ �� ,��34 �2� � ��� �56'
	&7 2&�� ��
!  �
#…  

�}h  

($
@6!7 $��� ��
��  
1. Bengtsson, H., I. Oborn, S. Jonsson, I. Nilsson and A. Andersson. 2003. Field balances of some mineral nutrients and 

trace elements in organic and conventional dairy farming - a case study at Ojebyn Sweden. Eur. J. Agron. 20: 

101 – 116. 

2. Breuer1, L., J. A. Huisman1 and H. G. Frede. 2005. Effects of the new European Common Agricultural Policy on 

water fluxes in a low mountainous catchment of Germany. Proceeding of the 3rd International SWAT 

Conference, Zurich, Switzerland. 

3. Dach, J. and D. Starmans. 2005. Heavy metals balance in Polish and Dutch agronomy: Actual state and previsions for 

the future. Agric Sys. Environ. 107: 309 – 316. 

4. Iman, R. L. and J. C. Helton. 1992. An investigation of uncertainty and sensitivity analysis techniques for computer 

models. Risk Anal. 8: 71-90. 
5. Karami, M., M. Afyuni, A. H. Khoshgoftarmanesh, A. Papritz and R. Schulin. 2009. Grain zinc, iron, and copper 

concentrations of wheat grown in central Iran and their relationships with soil and climate variables. J. Agric. 

Food Chem. 57 (22): 10876–10882. 
6. Keller, A., B. Von Steiger, S. E. A. T. M. van der Zee and R. Schulin. 2001. A stochastic empirical model for 

regional heavy metal balances in agroecosystems. J. Environ. Qual. 30: 1976- 1989. 
7. Keller, A., K. C. Abbaspour and R. Schulin. 2002. Assessment of uncertainty and risk in modeling regional heavy-

metal accumulation in agricultural soils. J. Environ. Qual. 31: 175 – 187. 

8. Keller, A. and R. Schulin. 2003a. Modelling heavy metal and phosphorus balances for farming systems. Nutr. Cycl. 

Agroecosys. 66: 271-284. 

9. Keller, A. and R. Schulin. 2003b. Modelling regional-scale mass balances of phosphorus, cadmium and zinc fluxes 

on arable and dairy farms. Eur. J. Agron. 20: 181 – 198. 

10. Maftoun, M. and N. Karimian. 1989. Relative efficiency of two zinc sources for maize (Zea mays L.) in two 

calcareous soils from an arid area of Iran. Agronomie 9: 771–775. 

11. Matlab, The Language of Technical Computing. Version R 2009 a. The Mathworks Inc. 

12. McBratney, A. B., M. L. Mendonc Santos and B. Minasny. 2003. On digital soil mapping. Geoderma. 117: 3– 52. 

13. Moolenaar, S. W., S. E. A. T. M. van der Zee and T. M. Lexmond. 1997. Indicators of the sustainability of heavy-

metal management in agro-ecosystems. Sci Total Environ. 201: 155 – 169. 

14. Prasad, A. S., J. A. Halsted and M. Nadimi. 1961. Syndrome of iron deficiency anemia, hepatosplenomegaly, 

hypogonadism, dwarfism and geophagia. Amer. J. Med. 31: 532–546. 
15. Tiktak, A., A. Leijnse and H. Vissenberg. 1999. Uncertainty in a regional-scale assessment of cadmium 

accumulation in the Netherlands. J. Environ. Qual. 28: 461-470.  

16. Von Steiger, B. and J. Obrist. 1993. Available databases for regional mass balances in agricultural land. In: R. 

Schulin, A. Desaules, R. Webster and B. Von٠ Steiger (Eds.), Soil Monitoring- Early Detection and Surveying 

of Soil Contamination and Degradation. Birkhauser Verlag Basel, Switzerland. 
17. Welch, R. M. 1993. Zinc concentrations and forms in plants for humans and animals. PP. 183 – 195. In: A. D. 

Robson (Ed.), Zinc in Soil and Plants. Kluwer, Dordrecht, The Netherlands. 

18. Yasrebi, J., N. Karimian, M. Maftoun, A. Abtahi and A. M. Sameni. 1994. Distribution of zinc forms in highly 

calcareous soils as influenced by soil physical and chemical properties and application of zinc sulfate. Commun. 

Soil Sci. Plant 25: 2133–2145. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

8.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

1-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            15 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.18.5
https://jstnar.iut.ac.ir/article-1-2442-en.html
http://www.tcpdf.org

