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

�� 

,�� �� -. /01� 2��� 0� �. 0�34' � 5�6 7�8� 7���' ���0� ��� 

7 �9 :!� �� -�&; �� �����. <�%=� >��� ��%�� �� ���0� ?�@ 

� ���0�� ���A B� �������� C&D ��0� �E(*

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

�A�F# 

� ��GH0�34' ���0%����; �� �F8 7�8� I � 7J9 $��K -. ��AL� 7���B� �7��90� � ���H 7�8� ���AB� �� ���� �� -�&B� �����. �M8� ��! .

,�� �� 5�6 ���H A!� $1� ��	 �� 7�8� 7���' A9�� ���0� /A� �� O0P�D 7�E�Q� :�R�� �� �� �����. <�%=� ��� �� -. 5��SR%� 

C8�A' � T�@ U0 �9 �� O7�8� 
 V' �J9�J# ���0� � �� ?8 ?8 W0	 XE�K �� 0J8� ��� �� 7�8� �L � :�0D �A� �A! �0@ ��� 

)5Z; :��[��(,�� ��]� �� �' �� O^Q� 7� �� �����. )7_8�` �0QK O�� �0QK � �BQ� �� �BQ�08� �� (�� -. :�R�� O��0� �� �' �

^Q� ��)�E� �� -. � �0"! �A! 7�R1' -�&;(�� ���0� 7LQ
� �� O�E��%� ��� �� �� OA! ��V9� >� .0SRD ,�� �S� 7�8� I � 28�;

 ��9 �A���� � 7�9�0' A! ��V9� T�@ U� .79� 9 �� A!� ���� ��	 �� �0�H(a$S]��� �S� O:��9 +���AS9� � ���� �� 7�S8� ��� �0S�H

78b :�E�9�� :!��0� ,�� �� M�9 T�@ ��� ���] �� ��%&! � T�@ ��� :�0H ��V9� -. ���� �� �F�%�Z; ��� .9c9�S8��� 78MV' d8�%

 �0QK �����. �� 7�8� I � C80%��� 7# 0H� ��� ���9 7_8�` �����. �� �. C80% � � �BQ�08� �� 7�S8� �8�S"9 I � ��� OA! �A���� �� 

7� �
�� ��	 ,�� 0�34' :B' ���� :�0J9 ��0K �����. -. :�R�� � �����. .AS!� $1� ��	 �� 7�8� �L � :�0D �A� OI�LB' C8� �� 

A8�0H �0%
� 28���. ��V9� e8�0! ��0� M�9 �. :K� � C8�A' .�� �' ��0� 28���. e8�0! �� 7�8� �8�"9 I � 7� <�%=� ��� eS��%� ��	

++ �%9�� ���A9� 0%� A! �0�H .-. ��AL� O7�8� ��K�� I � ���AB� �� :��	� ��� � ��0�` �� ���R%�� �� �����. 0� �� -. �VD 7���B�

 � �� �����. ��M�� 7)(O �Q@ �A� 7� :�&9 A]�� f+� M 80H � g��� �A� 7� :�&9 A] �� */h(i�0S� �AS� 7S� :�&S9 A] �� 5��

 ��� 2��� .�0QK �����. �� 5�6 7�8� ?�@ ��� j� V� 7� �BQ�08� �� �
�� ��	 ,�� 7� :�&9 ���� 7_8�` �����. ��� �0QK � �� ��

��� ���9 28�M�� �BQ� .0�34' -. :�R�� �
�� ��A9 ���9 7�8� ?�@ ��� 0� ���� .�0SQK �����. �� 7�8� ?�@ ��� 
 V' C80%��� ��

I � �� O�BQ�08�hklfk�%9�� �E�D�� OT�@ �0%� ,�� �� 7� �0SQK ��S� 7S_8�` � �BQS� �� T�S@ �BQS� 7S8b �� ��)fklk

�%9�� �0%� (A! �A���� .7�8� �0QK ,�� �� �� 7� �BQ�08� �� ?8 ��	 @��9:78b �� �0' �A! 
8��' T�@ ��� A9��� .�� 7�S8� ���0S'

I � �� O���� �' ��� ' C�8�; ��� �� 0'am�%9�� ��� M�#�9 0%�.

�n�� ��� �A��� :�0QK O5�6 O7�8� 7���' �A� �0QK O�BQ�08� �� 7�8� 28�; O-ZP�� -�&; O�BQ� �� 

7�AL� 


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

�*� 1+0 ���2+ 	
 #/��3)�.(��56" -�� 70 8�9" ����:"

 ;�<+ -+ 1�" =>	?��� @A+ 	
 70 �/�B+ =	? 1�"  
��( :�.���

 :�(�+ -/�(�
 	��� 70 -6B<+ 8�9" 	
 1C<" 	�BD+ @E.)�.(

>� 70 F����GH� �:.����*	 I,�:���J -���+ KLH/D���" ����"� #�����
 

�.1*�6(	�� M+�* =�5�.�
 NB��� -+ :(	� ?	��
�/*�>��B( ;�O�.�
  =>	?��� ;:$�.�
  1.�+�B+ MP�6" ����:" 

*:1$B.?�/$%� �D�  F�Q��$" R�SD" :hassan@shirazu.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             1 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


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

T� 

����U M��P  ��A% #B�"> >� ��BAQ�  1�ECV W�G.  12X* =�Y

 ZHV R�/6� 1�" -�V	L" ����:�" ? >��Y =�Y :�(�+)[.(=���+

 70 1ECV F�GH� @Y��)=>�B. -\.�6] :�(�Q. 1���+0 -+(K>^

 

��3 #B"_�� -���	 -`*�� :J 	
 �+�P	 =	�B+0 �Y 	
 �*� .

-��	 a/DB* -+ :��+ ;�B3 ? !�'  70 b+�?	 1*	�+ 	
 #���+�6+ 

;c�? -U�� 70 7�U 	
 �0 @E. ? ��Y�B3 
�( =�)�.(#���H�

 ��
	�� ?)[d(a/D�B* =���+ 1�CB<G� 1"�CV R:" e� -��	� �+

-����	 �	�L��3 F	W 	
 ��?����� F����BBf� ���HV -��+ :��.
�� 

�/"�	�� -`�*�� M�B,
 :�.?	 1��O��B�  -��	 :(	 �+ �gh" =�Y

�*� I$�" 	�BD+ -��	.

��	�$CY ? I$B.)[�(1HO.^ ?)��(e�� �'�* :.:E/`"

 -+ -��	 :(	 =��+ I"�� R:" F��Bg_� ? �Bf/" I"��V 
�U? IB%


 ;:�B\B� 	�BD+ �O�:$� �+ I"��V #�� I+�E/" ��*� ��CJ>�� ?.

L.	�+ ? iB%�)��(-�+ !�' �3� :.
�C. �	�L3 1.^��P F:�"

 1" ��:6� -��	 1%�P :(	 :(�+ 7�P�" !��' -�] �Y ? 
�(

e�' 1" �/C� LB. -��	 �>? :(�+ �� 
�( .=	��B+0 	?
 #���+�6+

 1" jV�+  ;���� -���	 :�(	 ? ;
��+ 7�P�" -�BCY !�' 
�(

 :+�� @Y�� .���Y)��(�`%�X" �+ -�HCU >� 1�V�	> ;��B3 k6�� -

? ;��B3 l��. -+ 1O/D+ !�' 	
 -��	 m�>�� 
�� �	�L3  F	W

 M�CV @��L�� �+ -��	 �>? 	�:E" n̂ �C`" �"�  
	�
 !�' o��'

 1�" @Y��� �(�� Z�
	 >� #/��3 -Hp�� ?:�+�� .>���
 ? ��"	

)[�(�?	 -D��E" 8:Y �+ -� 1���">0 	
 ;��X, =	�B+0 =�Y =�

�� �+ 1+�,�q ?=	�B+0 	
 :6/���	
  :( K�5.� ��/'	
 -��	 -`*

;�X, -��	  =� 1" =�/�B+ mC5� rX* 	
 �Y s��CV� 	
 ? :�6+��

 1" @Y�� �<.0 a����  #B��� :+�� .#*:")��(1O.�O] -`%�X" �+

 
��� Kt�V�  1�CBH,� Z�H/A" b����( 	
 ��U ;�B3 -��	 m�>��

 -��	 a���� -+ !�' MCV @��L�� �+ �Y 	�O% F	�p @Y��� 1C/�

1" :+�� ." ? =	�+ �HB)��(��
?:�2" :.
�� �	�L3 ���Y -�� 1

-��	 MCV @Y�� jV�+ 1" F	W ;�B3 K�:�.� :�(	  :.��( =��Y

 -�+ �	 1���Y a��] 	��P 1�C. @Y��� =��B3 :�6Y
 .? >:�.�.�Y

 ��	�$CY)�T(-�^ 	
 F	W ;�B3 -��	 mC5� !�' ZH/A" =�Y

 �?	 	
 �	 ;�X, =	�B+0 =�Y ? 12X* =� M�CV ��� 12X�*��>

uv 1/.�* ;��B3 -���	 e��' �>? :.
�� KtV� ? 1*	�+ =�/"

;���X, �?	 	
 F	W ;���X, �?	 -��+ �QD��. 12X��*��> =� =�

-+ 12X* 1�6`" 	�P 1�" ����. @��L��� =	�
 :�Y
 .a�Y #B�6]

 ;�X, �?	 	
 F	W ;�B3 -��	 mC5� ��LB" #��/�B+  12X* =�

 !��' 12X* -�^ 	
)M�CV ���wv1/.��* =��/" (�?	 	
 ?

;�X, MCV 	
 12X*��> =���x[�1/.�* �	�L�3 !��' =�/"

:( .��	�$CY ? �:.��)[�(;��B3 -���	 �gh�" MCV :.
�� KtV�

 	
 F	W����d�13>?	 d�1/.�* 	
  �/"d���� ��1�3>?	 

�� 1/.�* y�H+ �� i� �0 >� ? �/"��1/.�* 1" �/" :(�+ .��%��

 ��	�$CY ?)�d(`z? 1*	�+ 	
 	
  F	W ;��B3 -���	 :(	 �B

 1�6B">��> 70 rX* �
�+ ^�+ b���()#B�+�/���� �d/[��/" (

 @��">0 b���( 	
 �	 F	W ;�B3 -��	 1��<. MCV��1/.�* �/"

 >� @B+  16( !�' 	
 ?��� 1/.�* :�.
�� �	�L�3 �/" .���]

 1" F	�p -��	 M��P >� 70 �+ ;�B3 {�Q�	� ? 70 	�:�E"  
�B3

 1���q 
��" -��	 �+ -� 1��' a5J =?	 >�  ;�B3 )�/*
 	
 �Y

1" 1*	�+ �*� )�C� 	
 -�+ 1O/D�+ LB. !�' #�� a5J  
�(

 
	�
 =
�CV ? 1E�� F�<U 	
 -��	 	��/.�)�.(-���	 -`�*��

 �+ ;?tV  ;�B3#�� -�b����( -�+ ��*� 1$B/.| �Bp�9' e� 

1����q ��p�6V ? !�' ���+  �+�P	 ��\CY ;�B3 :(	 bB2"

O/D+ 
	�
 1)�.(=
�Y�B")�(-�HJ�" 	
 
�� KtV� 1EBE2� 	


 -���	 >� :�p	
 ?
 
?:�J �<6�  F	W ;�B3 �:B*	 ��Y)��}. >�

1.>? (#B��� MCV >� ����1/.�* 1" 	��, �/" :.�B3 .~�J 1�*�QV

)�(:�(	  !��' 1.^��P �:�( e�' F	�p	
 �*� :E/`"

 m��* #B��� 8�P -+ -��	 1%�P 1" �� V #B+ ? 
�(  -���	 M�C

 
	�
 
��U? {�Q�	� !�' ���+ ? !�' 	
 ;
�G/*� I+�, �+�P	 .

	
 =	��B+0 ��L�B" -Q�*�2" 	
 	���3�Bg_� I�"��V >� -��	 MCV

 �*� 1ECV F�GH� @Y�� 	�}6" -+ -��	 ;
?:2" .a�<" #�� �"�

 -�+  ZH/A" ��Y�B3 =��+ 
	��" �/�B+ 	
 ��+ ? 1�Q��E� F	��p

 R:" )�*� :( -Bp�� ��
�E" �� �Y 1" -Q*�2"  ; 1%�J	
  
�( -�

b����( =���+ :�(	 bB�2" �Bg_�� ��2�  ;�B3 �Y -��	 -`*��

 �*� F?�G/" ZH/A" .&%��' MCV ��+�. ��Y 	
 70=	��B+0 

-+ -.�3 ��/�* K��C� ? :�(�+ -/�(�:. 
��U? 1ECV F�GH� -� =� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             2 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


,�� �� -. /01� 2��� 0� �. 0�34' � 5�6 7�8� 7���' ���0� ���... 

T� 

��A`(.�����. -. 5��]�1@ �@0� 

1HB" 1�� ?�^��/B% 	
 �BGB�=	�B+0 70 EC 
(dSm-1)SAR pH 

HCO3
-SO4

-Cl-Ca+2Mg+2Na+

7tz�� 7�D� d�/���/[�/T���/�d�/dT/��/�

1%�C`" 70 ��/���/�T�/Tdd/���/���/��/�

EC: 1$��/$%� ���:Y �BH+�,SAR :a�:* 7�U �QD. 

��A`f.�� $�K 7��M� T�@ �F8M�� � �8�� �! 5��]�1@ �@0�28���. j�0! 

K
(p.p.m) 

P
(p.p.m) 

N
(%) SAR 1%0 #+��(%) pH 

EC 

dS/m 

θfC 

(%) 

BD 
(g/cm3)

:p	


#( 

:p	
 

�HB* 

:p	


)	 

!�' MCV

)1/.�* �/"(

��� T�/�� ��/� �d/� �[/� ��/� ��/� [d [�/� �d d[ dd [�x�

dd� T�/�� �d[/� ��/� dd/� [�/� �[/� [d �/� �d d� d� d�x[�

d�� �[/�d ��/� [�/� ��/� [�/� ��/� [� ��/� �[ �� �� ��xd�

�d� ��/� ���/� [�/� ��/� dT/� ��/� [� d�/� �d �� �� ��x��


��( iB' -��	 MCV -`*�� ;
?:2" 	
 !�' -�X+�	 >� ���> 

-Q*�2"1"�(
:

dn = (θƒc - θw) BD * R [�]

dn:=	���B+0 &%���' M��CV)1��HB" ���/"( θƒc : 	
 !���' ���+�P	

 1V�	> �B���(%)  θw:��"> 	
 !�' �+�P	=	�B+0(%)   BD :

1%�O] =�Y�� )1QD.(!�' ):J�? �?:+(?R:-���	 MCV 	
 

=	�B+0 ��">)1HB" �/"(.-+ n̂ �C`" ICV 	
 F��VtP� �
�Q. IB%


 ��"> 	
 -��	 MCV >� 1��� �+  Z�H/A" =��Y-M�CV o�9�'

  -���	 1���<. M�CV #B�CA� �+ =	�B+0 70 &%�' MCV  1��<.

 1" -Q*�2" ;	?
 R�P 	
 -��	 MCV -� �*� 1%�J 	
 #�� 
�(


	�
 F?�G� -��	 1��<. MCV �+  ;�B3 :(	.

? 1.�:��B" F���VtP� 70 1��ECV F���GH� >� =�B3���HU =����+

 �' l�.  -EX6" �Y 	
 -��	 1ECV -`*�� 1O.�O] >� 1Y�30 ? !

�?	 -�+ -�U�� �0 >� 1��A+ -� -V	L" ����:" ? =	��B+0 =��Y

�BGB� 1" 70 F?�G/" =�Y �*� 	�
	�'�+ 1�^�+ �BCY� >� :(�+.

-`�*�� 1O.��O] 1�*	�+ n̂ ?�  M�BE2� #�� K�5.� >� 8:Y

 MB,
 -Q*�2" =��+ F	W ;�B3 -��	 1ECV 70 &%��' 	�:�E" ��

 -+ :(	 ;	?
 R�P 	
 =	�B+0 -.�3 � -� =� W��G. 1%�C/J� F�GH� >

? -`*�� 1O.�O] 1*	�+ n�B.�g  
�( -/*�� =	�B+0 �Y 	
 1ECV

 �?	 	
 F	W ;�B3 -��	 m�>�� -\��U =�Y ;�X,  =� 12X* =�

 ;�X, ?n���%�g ? 1%��C`" 70 ? 7t�z�� 7�D� �+ 12X*��> =� 

-�EX6" 	
 F	W ;��B3 -���	 1�ECV -`*�� 1z��	 R:" #�?:�

1" -`%�X" 
	�" :(�+.

���� �,����

-BG9�� ;�O/D��� 	
  MBE2� #�� ��(
?�" �<�( 7t�z�� -�.�'

)R�+�� �(
 =�:/+�(R�* 	
  =�Y���d ?���� ���P N%�, 	
 

F�� ;:( 
�' 	�+ e� )Ft� �BH�*�(�?	 1H�p� 	�/���� ��+  

=	�B+0)-�\��U ;��X,  =� =�12X�* ?;��X, 12X�*��> =�(?

=	�B+0 70 �BGB� 1V�� 	�/���)7t�z�� 7�D� ? 1%�C`" 70 (

?	
	�<] 	��$� )n�`CU[d
�`+� -+ F�� T*��/" (��U� :��
�3.

R?:U�? =	�B+0 70 �BGB� R?:�U[1�3c�? ? 1�$�LB� =��Y

 1�" ����. �	 -V	L" !�' 1��BCB( :�Y
 .-�+ 70 F�.��*�. I�B%


 M�CV -+ 12X* @$Y> e�  1���">0 -V	L" ��"��B�  16B">��>

 " ��+ ? �/" ?
 :��
�3 ��GJ -�E.>?W m�XE .70 -/�*�B� |���C� ��+

 #B����  ;�B3 :(	 ;	?
 R�P 	
 16B">��> 70 rX*  @$Y> >� ��� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             3 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


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

T[ 

)Z%�()7(

)~()
(

$F!(.���A9� �J9�J# 5�6 ���H 7�8� 7���' I � �0�H)- � <E� (7�8� �����A` �T�@ �� ��)� � p(

��� 1/.�* �/6� �/" :�
�3 R.IO6B* a,	 F	W ;�B3 )���T�d ��+ 

Ip�����1/.�* Z�
	 =?	 	
 �/" ? ��YT�1/.��* #B�+ 	
 ��/"

Z�
	 ��(�� M�CV ��+ ? ��Y���� �1/.��* ��	��� 	
 ��/" =��Y

��/�/���� ?[�/�/���d��	�� 	
 ? �(�� =��Y��/T/���� ?

��/T/���d :( �(�
�+ .��GJ �?	 >� -��	 MCV @��� �<U

.��� :( ;
�G/*� !�' ��CB. ;:Y��" ? -� .a�Y >���"  ��(�� ��+ 

-�.��� =
�:�`� F�>���" -�+ ��/" e�� ���V ? M�CV ��+ 1���Y

F��>� :( =	�GJ �Y .-"�.�+ ��+�P	 @��� �?	 �+ =	�B+0 =L�	

 =	��B+0 ��Y 	
 �+�P	 
�QC� 
	?��+ �+ -��	 MCV @��� ? !�'

 -X+�	 -��� �+�	?
 �+ ?d:�( K�5.� ;>?	 .�:�.�;>��+�P	 =��B3

 MCV 	
 !�' =�Y[�1/.�* -+ =�/" -��	 ;
?:2" 	
  �L5" 	�P

1" K�5.� 1.>? �?	 �+ =	�B+0 �+�. �Y 	
 ?:(.

;>�:.� 	
 -���	 MCV =�B3��I�p��� ��+  ��+�. T	
 ;>?	 

-���	 M�CV ? K��5.� 	�CB� @( >� e� �Y =��+ :(	 ;	?
 R�P

 �Y >� ? 	��$� -* 	
 	�CB� �Y =��+ ;��B3 -�*  	��$� )n��`CU�d

;�B3 (;>�:.� :( =�B3 .-��	 �+�. �Y 	
 -��.��� -B�(�J ;�B3 =�Y

 -\HB+ �+ .0 MCV ? �:U !�' >� =� b�' ��+ ��< ;>�:�.� @�� =��B3

1" :(.MCV -+ 	�CB� �Y 	
 -��	 b*�/" =�Y =��+ 1*�BE" ���6V

  -���	 ;
?:2" 	
 �+�. �Y 	
 &%�' =	�B+0 70 	�:E" -Q*�2"

+:�( ;
�G/*� 1V�	> �B��� -+ �+�P	 �:.�*	 =�� .	
I$�( �

)i$V 7 ? Z%� =�Y(;>�:.� 1O.�O] >� 1��C. -��	 MCV =�B3

�*� ;:( ;
�
 ���. F	W ;�B3.

;>�:.� =��+ -��^ 	
 -���	 �>? =�B3 >� !��' Z�H/A" =��Y

 :( ;
�G/*� !�' �B%�.�" �?	)�.(��/�* �?	 #��� 	
 1���Y

)�B%�.�" (>�:.:( �(�
�+ ;�B3 -��	 ;��CY -+ !�')�.(=���+

 MB,
 -`%�X" �B%�.�" >� :��+ �� 
��( ;
�G/�*� 1Q`$" =�Y)�(-��

 aBDE� �+ MBE2� #�� 	
 ��<U 	
 !�' ��/* =:6+  1�z�V =��Y 

P:�( ;
�G/�*� ;�B( #�� >� 1ECV ? 1%� .������ 	
 �0 ��+ �?L��� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             4 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


,�� �� -. /01� 2��� 0� �. 0�34' � 5�6 7�8� 7���' ���0� ���... 

T� 

��A`).��H 7�8� I � c9�8��� 78MV' d8�%9 5�6 �)�%9�� 0%� (28���. ���� �� ��	 �� 

#BO.�B"

 F�`+�"��

13>?	 

#BO.�B"

 F�`+�"TT

13>?	 

#BO.�B"

 F�`+�"��

13>?	 

#BO.�B"

 F�`+�"��

13>?	 

#BO.�B"

 F�`+�"�d

13>?	 

K�5.� R�*

@��">0 
�BBf� m+�6" 

��/�T ns �/�[ ns �/[� ns �/d ns ��/[� ns ���d 

��/� ns �/�T ** �/�d ns ��/�[ ns ��/� ns ���� 
�$	�� 

[� ns �/�T ns �/�� * �/��� * �/d ns ���d 

�/� ns �/�[ * � ns �/�[�  [�* ���� 
	�B+0 �?	=

�� ns [ ns [d ns [ ns [ ns ���d 

[ ns ��* �/� ns � ns �/�[ ns ���� 
70 �BGB� 

�ns �/� ns �/� ns d� ns �/� ns ���d 

�/[d ns �/d� ** �[ ns �/�� ns � ns ���� 

	�B+0 �?	=*�BGB�

70 

��/�d [� T/[T ��/d� �/T ���d 

�/�� �/�� �/�d [/[� �/�d ���� 
�X' 

�/d �/� T/�d �/[[ [�/� ���d 

[/�� d/� �/�� �/� d/�[ ���� 
F��BBf� N��z 

*:6`"1rX* 	
 	�
��** :6`"1rX* 	
 	�
��ns:6`"�Bq1	�
 

;��B3 -�* 	����$� ��Y >� ? 	���$� -�* 	��CB� �Y >� LB. :(	 I9�

 :.:( 7�A/.�)n�`CU�d>� ;�B3 ��F�� (-��.��� ? R��P -+ 1��Y

 :.:�( ��GJ F�� �Y b*? 	
 �/" e� 1Q��E� MCV ? ��V)�.(

�B%�.�" -�^ -+ -�^  -�.��� ;	����
 >� ;��B3 �Y =��+ i��*�1���Y

 ~	�' ? -B<� :.:( .�B%�.�" �Y 
�`+� -+ [� [�?��1/.��*  ��/"

 MCV �+ K�:� �Y �B%�.�" 	�<] -��	 MCV �<U 	
[�1/.�*  ��/"

 Z�
	 �+ 
�CV �<U 	
 R��P �+ K�:� �Y �B%�.�" -* �(�� =�Y

[� 1/.�* �/")Z�
	 -Hp�� aY >� �(�� =�YT�1/.��* ��/" (	
 ?

Z�
	 �<U � =�Y ��B%�.�" e�� �(� �+ ���V ���1/.��* ��/"

)Z�
	 R�P 	
 ;�B3 ?
 -Hp����1/.�* ��/" (n��`CU�[��B%�.�" 

:�( ��(�
�+ ;��B3 ��Y =��+ -��	 ? !�' .��B%�.�" !��' =��Y

-+ F:"[d��� 	
 �V�* 	
 ��� :.:�( ;:.�D�B' 1$B/*t� =�Y

 -��	  ��/D( K�O6Y :.��( �:U !�' >� =�/�B+ �%�<* �+ �Y)�.(

-��	 =��/D( -HJ�" + ? 70 	��� eC� �+ �Y-1���p -HB*? =��Y

1$B/*t���1��" )m�+�" �6��� ��Y 	
 ����6" 
�:�`� (:�( K��5.�

)I$( �i$V  ? ~ =�Y 
.(-.�C. -��	 iB' =�Y �V��* 	��<] 

F:�" =��+ �� :.:( IE/6" �?0 -+ 
�>0 =��Y 	
 #/��3 	��, >� i�

[� K�3 	
 �V�* -.�' =��"
 �+ =�T�1/.��* -�U	
 e��' 
���3

 :.�()�.(-��	 R��/B5�
 =?>���� ��+  �:�( e�' >� i� �Y)��+

 K:p e� �,
 (K��. e�C� �+ @��">0 k��/. ? #�>�� =	��"0 	�L���

SAS:.:( IBH2� ? -�L5� .

� d8�%9qB� 

7�8� I � 

1" ���. @��">0 ;	?
 ?
 R�P 	
 i.��	�? -�L5� k��/. -�� :Y


 R�* ?
 >� e� �BY 	
 -��	 1��<. MCV  @��">0 �Bg_�� ��2� �Y

�?	 �*� -/��O. 	��, =	�B+0 70 �BGB� ? =	�B+0 =�Y .R?:U �

1" ���. =	��B+0 	
 -��	 1��<. MCV @��">0 R�* ?
 �Y 	
 :Y


-\��U ;�X, =	�B+0 	
 ? #��/C� =� 	�:E" #��/�B+ 12X*��> =�

 1�6`" :�p	
 k6�� rX* 	
 F?�G� #�� �"� ;
�+ :��. 	�
 ��*� ;.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             5 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


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

Td 

��A`h.7�8� I � C�J9��� 7&8�L� )�%9�� 0%� (�����. ,�� 0�34' :B' OA!� $D�0� ��)9��FCm(%

28���. ���� �� ��	 �� 

�(�� >� :`+ >?	 

�� 13>?	 TT 13>?	 �� 13>?	 �� 13>?	 �d 13>?	 @��">0 K�5.� R�* 
=	�B+0 �?	 

T�(a) �/T� (a) �/�� (a) �/d� (b) [d(a) ���d 

�/TT (a) T�(a) �/�� (a) �/�� (b) �/[� (a) ���� 
U-\�� =�

T�(a) T�(a) ��(a) �/�� (b) �/[� (a) ���d 

T�(a) �/TT (a) �/�� (a) ��(b) �/[� (a) ���� 
;�X, �=12X* 

T�(a) �/T� (a) T�(a) ��(a) �/[� (a) ���d 

�/T� (a) �/TT (a) �/T� (a) �/�� (a) �/[T (a) ���� 
;�X, �=2X*��> 1

����. -��	 1��<. MCV �+ =�Bg_� -.�3 �BY LB. =	�B+0 70 �BGB


�:. . F	W ;��B3 -���	 1���<. MCV -� �*� �0 �O.�B+ k��/. #��

 1" 	��, ;�B3 	�B/'� 	
 >�B. :J 	
 �+�P	 1/,? �Bg_�� �2�  
�B3

 >� =	�BD�+ )��*� �+ -$H+  
	�:. 	��, =	�B+0 70 �BGB� ? �?	

 p�9�' �Bg_�� ��2� F��EBE2� !��' F�B)? ��C/'���*  ����+

���"?�E" (a��Y ? -����<� ? -����f� �B`��z? ?70 M��CV #B��6]

 1" 	��, 16B">��> 
�B3)�[?[[.(;>�:�.� k��/. =��B3 ��Y 	
 ��Y

 =	��B+0 �?	 -�+ {��+�" -���	 M�CV #��/��B+  
�
 ���. �+�.

;���X, =	���B+0 �?	 -��+ {���+�" �0 #����/C� ? 12X��*��> =�

-\��U 1" =� :(�+ .-\.�6] R?:U 	
 �1" ;:Y��" R��* 	
 
�(

 -.�C. #B"�* ? #B"?
 	
 =	�B+0 �?	  @��">0 R?� =�B3)��?

�� �(�� >� :`+ >?	 (rX* 	
�1�6`" �Bg_��  :�p	
 ��+ =	�


 -�.�C. >� e� �BY 	
 70 �BGB� �"�  �(�
 -��	 MCV =��B3 ��Y

 16`" �Bg_� 
�:. ���. -��	 MCV �+ =	�
 .@���">0 R�* #B"?
 	
 

-.�C. 	
 =	�B+0 �?	 �Bg_� LB. =�B3 K	�<] ? R?� �+�. =�Y)�d

?TT�(�� >� :`+ >?	 (rX* 	
�16`"  :p	
 :( 	�
 .�BGB�

 -.�C. #B"	�<] 	
 LB. =	�B+0 70 =�B3)TT��(�� >� :�`+ >?	 (

rX* 	
�16`" �Bg_� :p	
 
�
 ���. -��	 MCV �+ =	�
 .#C�z

#�� -�0 �BGB� I+��E/" �g� -�.�C. 	
 L�B. =	�B+0 �?	 �+ 7=��B3

 K	��<])TT�(�� >� :`+ >?	 (1�6`" :�p	
 e�� rX�* 	
 	�


:( .���. LB. #$.�
 ��">0 k��/. -�.�C. #B�"?
 	
 �<6� 
�
 =��B3

)���(�� >� i� >?	 (12X�*��> =	�B+0 �?	 	
 -���	 MCV

 @��L���� 1���V�	> R����* ?
 ����Y 	
 ���O�
 �?	 ?
 -��+ �QD��.

16`" 	�
 1" ����. =;>�:.� ����* 	
 ? :Y
 =�B3 @��L��� #��� ��Y

16`" 1C. 	�
 :(�+)R?:U d.(@���">0 R��* #B�"?
 	
 �<6�)TT

�(�� >� i� >?	( �16`" @��L� =	��B+0 	
 -��	 MCV 	
 =	�


 ;:Y��" 1%�C`" 70 -+ �QD. 7�D� �+ :()R?:U�.(

>0 b����( 	
 F	W ;�B3 -��	 1ECV -`*�� :.?	 ��+  @���"

 ;
�
 )�*� R:�" ? a�*	 ID��� -�"�.�+ 	
  R?� R��* =��Y =��Y

 ;
�
 #�� =��+ ZH/A" 1.�B*�3	 ��<.0 #B+ >� -� :�
�3 @��">0 �Y

 1�H� 1.�B*�3	 R:" N���z #��/��B+ R��B"�. a�Y 1O/D�+ ��+ �	 


;
� 
�
 ���. 	���" =�Y)	�
�C.�.(1�" ����. 1�626" #�� :�Y


 ;�B3 -��	 1ECV -`*�� :.?	 b����( 	
 ? R�+�� �(
 	
 F	W

 -+ @��">0 1" �BBf� 7:2" I$( -+ ?
 -U	
 -%
�`" F	�p :�6� .

NB�( ��+ :(	 I9� R?� -CB. 	
 -��	 :(	 	�
�C. #�� )�*� �+

 1" @��L�� :6� 	�BD+ -+ �"�  :+�� >�  k�	:��vNB( :`+ -+ 13>?	 

1��" @Y��� �0 
?:��J 	
 ? :��+���v
���' ����:��J -��+ 1�3>?	 

1" *	:.N��z �+ :(	 :.?	 #�� 1z��	 -%
�`" a�Y 1O/D�+ ^��+ 

)���/�=R2(-+1" ��> F	�p :(�+:

Y = - ����/� X [ +�/T�� X + ��/� [[]

Y:-��	 MCV)1/.�* �/" (?X:�(�� >� i� ��">)>?	.(

1�`,�? M�CV #B�CA� 	
 R:�" #��� �,
 ��LB" 1*	�+ =��+ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             6 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


,�� �� -. /01� 2��� 0� �. 0�34' � 5�6 7�8� 7���' ���0� ���... 

T� 

��A`m.�7�8� I � C�J9��� 7&8�L)�%9�� 0%� (0�34' :B' OA!� $D�0� �� 

-. :�R��)9��FCm(%28���. ���� �� ��	 �� 

�(�� >� :`+ >?	 

�� 13>?	 TT13>?	 �� 13>?	 �� 13>?	 �d 13>?	 
@��">0 K�5.� R�* �70 �BGB 

T/T� (a) T/T� (a) �/�� (a) �d(a) �/[� (a) ���d 

T�(a) T/TT (a) T�(a) �d(a) [�(a) ���� 
	�B+0=7�D� �+ 

T/TT (a) �/T� (a) ��(a) �/�� (a) T/[d (a) ���d 

�/T� (a) T/T� (b) �/T� (a) T/�[ (a) T/[� (a) ���� 
	�B+0=70 �+ %�C`"1

y = -0.0098x2 + 1.713x + 3.0301
R2 = 0.9955

0

20

40

60

80

100

0 20 40 60 80 100 120

���� �� �	
 ���

(��
��
���
�)
��

��
��
�

R2 = 0.99

0

20

40

60

80

100

0 20 40 60 80 100

(��� ����� ) ���� �	��� ���������

(��
��
���
�)
��
��
��
��
��

��
��
 �
���
���

���� 9(.A!� ���� ��	 �� 5�6 ���H 7�8� I � 7���' �
B
� 

���� >��� 0� 28���. ��� ��� ��� 

���� 9f.� 7&8�L� O�A! 7���B� 08��L� �� 7�8� I � ��K�� 08��L

7E���� e��' I�LB' C8� �� �A! C8�A' 

��Qg ;:�( ;:Y��" ��
�E" ? 	��$� K?
 R�* =��+ @��">0  -��	

:�
�3 .ZH/A" ��
�E" =��+X��
�E"  @��">0 K?
 R�* Y=��+ 

�+�. K�C� ;>�:.� =�Y :( -Q*�2" =�B3 .	
 ;:�( -Q�*�2" ��
�E"

 ;>�:.� ��
�E" ? K?
 R�* 	
 R�* ��CY ;:( =�B3 	�
�C.[a�*	 

:�
�3 .	
 ;:�( -Q�*�2" ��
��E" ? -��	 1`,�? MCV ��
�E" #B+

 -%
�`"[N��z  aY1O/D+ -�+ :�( ;:Y���" 1�^�+ -�.�3 -�� =�


�`" #�� >� Ip�J ��
�E" b�' ��+ -�%Y = Xs���QX.� 1+��' -�+ 

:.	�
 .1" #���+��6+ b����( ? R��+�� �(
 =��+ �	 R:�" #�� ����

 -+ -�U�� �+  @��">0 I�2" a�BH,� ? !�' #��� -�� 70 1�6B">��>

 MCV 	
 LB.��� 1/.�* -��	 MCV #BCA� =��+  
�( R�/6� =�/"

 -Bp�� ^�+ n�/QD. �,
 �+ :(	 ;	?
 R�P 	
 F	W ;�B3 
��C. .��"�

-+ ���* �+ F	W ;�B3 -��	 MCV #BCA� 	
 R:" #�� -D��E" 	�}6"

R:" ;:( -��	� -��	 MCV 
	?��+ �<U -�� 1��Y R:�"  :.� 1�X' 

)��	�$CY ? #B�	�")�[( )-%
�`"�(L�C��3 ? �	�+ R:"  )�[( 

)-%
�`"�(R:" ?CROPWAT :6/��3 	��, 1*	�+ .1�X' R:"

1" ��> ��( -+ :(�+:

Rd = Rdmin + (Rdmax - Rdmin) Rf [�]

�0 	
 -�Rd:;>�:.� >?	 	
 -��	 MCV =�B3)1/.�* ��/"( Rdmin :

 -��	 MCV I,�:JRdmax :  ? -��	 1��<. MCVRf::�(	 N��z

 :6/DY -��	 .���Y�B3 =���+ -���	 M�CV I,�:�J  R:�" #��� 	


 #B+ ZH/A"������1/.�* -��	 1��<. MCV F��BBf� -6"�
 ? �/"

 #B+ LB. F	W ;�B3���[��*� ;:�( �	�L�3 �/" )[�.(N���z

 :�(	 I9�� R��P 	
 -���	 :�(	 ���. ;:6Y
 ���. -��	 :(	

1" 1" -Q*�2" ��> -X+�	 >� ^�+ 1X' R:" =��+ -� :(�+ 
�(:

Rf = (Dag / Dtm) [d]

Dag :  -�.��U ��"> -Hp�� ;>�:�.� >?	 ��� 1�.> =��B3)>?	 (?Dtm :

-.��U ��"> -��	 1��<. MCV -+ �:B*	 �� 1.>)>?	 .( �	��+ R:"

�*� ��> ��( -+ LC��3 ?:

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             7 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


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

T� 

R2 = 0.98

0

20

40

60

80

100

0 20 40 60 80 100

(��� ����� ) ���� ��� ��� !�"# ������ �	��� ������

(��
��
���
�)
��

��
��
��
��

��
��
 �
���
���

R2 = 0.94

0

20

40

60

80

100

0 20 40 60 80 100

(��� ����� ) ���� ��� ��� !�"# ������ ������

(��
��
���
�)
��
��
��
��
��

��
��
 �
���
���

���� 9).08��L� �� 5�6 ���H 7�8� I � ��K�� 08��L� 7&8�L� 

�A� e��' �A! 7���B� �Q@ 

���� 9h.8��L� 7&8�L� 08��L� �� 5�6 ���H 7�8� I � ��K�� 0

�A� e��' �A! 7���B� M 80H � g��� 

0

20

40

60

80

100

120

0 20 40 60 80 100 120

���� �� �	
 ���

(��
��
���
�)
��
��
��
�

CROPWAT
�$% &��
Borg & Grimes
�"� ' (�� &�� ������

 
���� 9m.0P�D I�LB' �� �A! C8�A' �A� � M 80H � g��� O�Q@ �A� 7� e��' 5�6 ���H 7�8� I � ����0� 7&8�L� 

Rd = Rdmax [ 6/٠ + 6/٠ Sin( ٠٣/٣ * (Dag/Dtm) 9٧/١- )]         [6]

#/��3 	��, �B`z? -�+ �QD�. ^��+ R:�" ?
 >� I�p�J k���/.

 b�' ? 1�`,�? ��
�E"Y = X	
 =��Y	�
�C.�?d;
�
 ����. 

�*� ;:( .R:�" b�*�� -���	 MCV -`*�� :.?	  1�X' =��Y

 ? LC��3 ? �	�+CROPWAT 	
 	�
�C.�>� I�p�J k��/. �+ 

�z�J MBE2� >� Ip�J 1��<. -%
�`")-%
�`"�(:��
�3 -D��E" .

;:Y��" -\.�6] "1R:" 
�(CROPWAT -���	 MCV I,�:J  

�	��1/.�* 1%�J	
  �/" @B� 1X' R:" -������1/.�* ��/"

 1" �}. 	
 s�� �/"�	�� =��+ �	 
�B3 .-���	 M�CV R:�" ?
 ��Y

 >� �/��B+ 1<U��� I�+�, ��LB" -+ �	 R�+�� �(
 =��+ F	W ;�B3

 #B�CA� M�BE2� #��� >� I�p�J R:�" ?  L�C��3 ? �	�+ R:"

1" .>
?:��J >� ? :�6��;	?
 ������� ��� ��(�� >� i�� >?	 

-�+ �	 -���	 MCV  :�(	 ��+�g 	��P��� 1��/.�* 
	?���+ ��/"

1" :�66� .1�%�J	
 #�� 
	?���+ LB. LC��3 ? �	�+ R:" -� �*�

  
	�:�. -�`%�X" 
	��" -�EX6" 	
 F	W ;�B3 -��	 MCV >� 1EB,


-+ -.�3 
?:�J �� -� =���M�CV ��(�� >� i�� >?	 �	 -���	 

1" 
	?��+ 1`,�? 	�:E" >� �/C� ;	?
 =�</.� �� �0 >� i� ? :�6�

 1�" #B�CA� 1`,�? ��L�B" >� @B+ �	 -���	 M�CV :�(	 :��.> .


?:J >� LB. R:�" #���� ;	?
 ������ ��� ��(�� >� i�� >?	 

-�+ �	 -��	 MCV ��+�g 	��P��� 1/.��* 1�" 
	?���+ ��/" :�6�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             8 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


,�� �� -. /01� 2��� 0� �. 0�34' � 5�6 7�8� 7���' ���0� ���... 

TT 

1%�J	
 3 -��	 1`,�? MCV -���+ @���">0 I�2" 	
 F	W ;��B

 ;>�:.� )�*�  =�B3��1/.��* 1�" ��/" :�(�+ .1�*	�+ ����. ��Y

1"  1X' R:" :Y
 
	��" -�EX6" =���+ F	W ;��B3 -���	 MCV

 :(	 ;	?
 R�P 	
 �	 -`%�X"��1�`,�? 	�:�E" >� �/�B+ :p	
 

1" #BCA� :.> .��+ &A�" !�' e� =��+ -� 1��5.0 >�BD ?

θfC���	 M�CV #B+ �+�g ��+�. ��Y 	
 &%��' 70 a�5J ? -


	�
 
�U? 1CBE/D" {�Q�	� =	�B+0 )-%
�`"�(1" #���+�6+  �����

 �/"�	��� ���* �
�� ��� �+�g F	�p 	
 �G3 -�%
�`" =�Y� 

b����( =��+ �	 F	W >�B. 
	�" =	�B+0 70 a�5J  1X' R:�"

 ��L�B" -+ -EX6" #����:��+ -� 1+0 1`,�? ��LB" >� @B+  :p	
 


	?��+  :(�+ -/(�:. 1ECV F�GH� ? 
�B3 	��, -��	 ;
?:2" 	


1" :6� .70 a�5J mQX%��+ ? -���	 M�CV LC��3 ? �	�+ R:"

 ��L�B" -+ �	 =	�B+0[TR:�" ? :�p	
 CROPWAT ��L�B" -�+

�/d�1" 
	?��+ 1`,�? ��LB" >� �/�B+ :p	
 :66� .#Cz#�� -�� 

	
 LC��3 ? �	�+ R:" 	
��	 ;	?
 R?� >?	 n̂ �C/J� ;�B3  :(

 1�" 	���, L�B. �+�P	 
�QC� @6� �2� 
��B3 . ��+�P	 ����>

 -�+  -���	 M�CV ��� �	 !��' ��/* n̂ �C/J� iB�' I�"�� 	��P

1C. :6� .R?:U 	
 -\.�6]�1" ;:Y��" R:" 1"�C�  
�( =��Y

 ;�B3 y�H+ ��"> >� -`%�X" 
	�")���(�� >� i� >?	 (������ ��

 -��	 1��<. MCV :(	 ;	?
 -�+ �	 F	W ;��B3 =���+ @B�� 	��P

 ������ 1/.�* 1" �}. 	
 �/" 1���<. M�CV -\.�6] �"�  :.�B3

;>�:.� -�`%�X" 
	��" -EX6" 	
 ;:( =�B3)-�+ b�*�/" 	��P��

1/.�* �/" (@B� #�LO��U R:" #�� ��� I+�, 70 a5J  
�( �Y

-O. �:�B� @Y��� 1<U��� I+�, ��LB" -+ -��	 ;
?:2" 	
 =	�


1" +  :6�--.�3 1�ECV W��G. �0 	
 -�� =	��B+0 70 a5J -� =�

 R:�" b�*�� :�(�+ -/(�:. 
�U?  1�X' =��YCROPWAT ?

-�+ LC��3 ? �	�+ ��<6�  N�B��� �/� :�p	
 �T/��? :�p	
 

�[/�:( :Y��' -Q*�2"  >�B. 
	�" 1`,�? ��LB" >� @B+ :p	
 

)R?:U�(.-��	 MCV 
	?��+ 	
 R:" �,
 �/�B+ @��L�� =��+

�+ ;
�
  R�+�� �(
 =� k��/. ? MBGH� aY �+ K?
 ? R?� R�* =�Y

 -%
�`" F	�p -+�N��z �+ aY1O/D+ >� @B+ ��-�� :�p	
 

;��B3 -����	 MCV #�BCA� 	
 -�%
�`" =^�+ �,
 ;:�6Y
 ���.

1" -`%�X" 
	�" b���( =��+ F	W +  :(�+-:"0 �*
.

Y = - ����/� X [ +�/T� X + �T/[ [�]

�?	 	
 F	W ;��B3 -��	 MCV -`*�� :.?	 -D��E" =	��B+0 =��Y

-\��U ;�X,  =� ;��X, ? 12X�* =� 	
 12X�*��> =� 	�
��C.�

�*� ;:( ;
�
 ���. .��CY 1" ;:Y��" -� =	��P 8t��/'� 
�(

 �?	 #B+ 
?:J �� =	�B+0 =�Y���0 >� ? LB]��. 	��BD�+ 13>?	 

�" -��	 MCV #��/�B+  i� ;�X, =	�B+0 -+ {�+ ? 12X�*��> =�

 -�\��U -+ {�+�"  ��LB" #��/C� ��*� =� .M�CV -`�*�� :�.?	

 F�� -��	 	
 1%�C`" 70 -+ �QD. 7�D� =�Y 	�
��C.T����. 

1��"  :��(	 ;	?
 K���C� 	
 7�D��� ���+ ;:��( =	���B+0 ����Y�B3 :��Y


-��	 MBCV =�Y 1%��C`" 70 �+ ;:( =	�B+0 ��Y�B3 -+ �QD. =��

-/(�
 :.� 16`" 8t/'� #�� �"� �D�B. 	�
 .1�" ����. k���/. :�Y


 :��.?	 >� ���Y	�CB� 1"���C� 	
 1%����/" R���* ?
 	
 -����	 -`��*��

e� 1" =?�B� 1/'��. :6�.

T�@ �� 7�8� ���0' 
8��' 

�>? l��C5" ��+ =	�B+0 �?	 �Bg_�  =	�"0 -�L5� k��/. )�*� �+

 1�6`" :�p	
 e� rX* 	
 F	W ;�B3 -��	 e�' I� :��. 	�
.

	
 F	W -���	 e��' I�� �>? 
�
 ����. #�$.�
 ���">0 k��/. 

0;�X, =	�B+ -+ 12X*��> =� 16`" 	�P �?	 -+ �QD. =	�
 =��Y

 -\��U =	�B+0 ;�X, ? =� ��*� -/�(�
 @��L��� 12X�* =� .�>?

 ;��X, =	�B+0 	
 -��	 e�' -�\��U -�+ �QD�. 12X�* =� =�

16`" �"� �/�B+ 
�Q. 	�
 ._� LB. =	�B+0 70 �BGB� 1�6`" �Bg ��+ =	�


 
�:. ���. -��	 e�' �>? .? F	W ;��B3 -��	 e�' �>? #B+

 
	��" ?
 ��Y 	
 ? :�( ;:Y���" aBE/D" -X+�	 -��	 1��<. MCV

 ;�X, =	�B+0 -+ {�+�" 	�:E" #��/�B+ 
�+ 12X*��> =� .#��/��B+

 ;��X, =	��B+0 -�+ {��+�" @���">0 R�* ?
 �Y 	
 LB. 
�$HCV =�

1" 12X*��> :(�+)�[/�[	�/$Y 	
 #� .(�0 ;:�6Y
 ����. #���

 ;��B3 -���	 MCV ? -��	 e�' �>?  -.�
 
�$HCV #B+ -� �*�

 -�/��� ��+ -�� 
	�
 
��U? 1CBE/D" {�Q�	� F	W ? >:�.�.�Y =��Y

 ��	�$CY)�T(
	�
 �E+�X" .	�
�C.�1" ���. LB. #��/��B+ :Y


 ;�X, =	�B+0 �?	 	
 -��	 e�' �>? mC5� 	
  12X�*��> =� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             9 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


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

T� 

��A`a.�A� 7&8�L� O�Q@ OM 80H � g��� ���CROPWATC� =' �� I�LB' C8� �A� �

7�8� I � )�%9�� 0%� (�����. -. �VD �. >��� 0� �)��%F� 0� X�F� 0%�(

-��	 MCV)cm(

R:"�

���� F�? 

R:"

���� F�? 

R:"�

1X' 

R:"

1X' 

�	�+ R:"�

LC��3 ?

:" R

? �	�+

LC��3 

-Q*�2" ��
�E"

 #�� R:" ;:(

MBE2� 

��
�E"

1`,�? 

;>�:.� ��"> =�B3 

�(�� >� :`+)>?	(

�� �� �� �� �/[ �/[� �/�� d �

��/�� ��/�T ��/�T [�/� d/�� �/�T �d/�d ��/� T

d�/�� d�/�� [�/� �� �[/�� ��/dd [�/�� [� �d 

dT/� �d/� �d/� d�/� [d/�T ��/�� �d/�� ��/T [� 

��/�� �[/�T d[/�T �[ �T/T� dT/[ d�/�� d� [� 

��/�� T�/�� ��/�� �[/� ��/T[ �d/�� ��/�� ��/T �� 

�� T� �� T� �d/[d ��/� �T/�� ��/� d[ 

T�/�� �T/�� �T/�T ��/� T�/T� �[/[ ��/dd �d/� d� 

T�/�� ��/�� T�/�� �d T�/� ��/�T ��/[[ �T/[ �� 

�� ��� �� ��� �� ��� T[/�� T�/� �� 

�� ��� �� ��� �� ��� Td/�[ Td/T T� 

�� ��� �� ��� �� ��� T�/�� T� TT 

�� ��� �� ��� �� ��� TT/TT T�/� �d 

�� ��� �� ��� �� ��� TT/T� TT/T �� 

�� ��� �� ��� �� ��� T�/T� T�/T �� 

�� ��� �� ��� �� ��� Td/�� T�/T ��� 

��/�T d�/� �/� ��/�[ �/�[ [T/[[ �/�� �

MCV #BCA� @��L��

 -+ �QD. -��	

1`,�? ��
�E"(%) 

T���/� ����/� ����/T �d�T/d ���T ���[/T �dd�/� �/�d��  


	?��+ 70 a5J �+

 -��	 MCV )�*�

)m3/ha(

��/�T d�/� �/� ��/�[ �/�[ [T/[[ �/�� �

@��L�� 70 	�:E"

16BCA� -+ �QD. 

1`,�? 	�:E"(%) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            10 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


,�� �� -. /01� 2��� 0� �. 0�34' � 5�6 7�8� 7���' ���0� ���... 

T� 

0

20

40

60

80

100

0 20 40 60 80 100 120

���� �� �	
 ���

(��
��
���
�)
��
��
��
�

� $���� !� ��$�
� $� !� ��$�
!� �)�*+

 

0

20

40

60

80

100

0 20 40 60 80 100 120

���� �� �	
 ���

(��
��
���
�)
��
��
��
�

,-.�/ ,�01

�2*�	� ,3

 
���� 9a.5�6 7�8� �E�	 A!� A9�� 7&8�L� ,�� �� ��� 

7_8�` �����. �0QK O�� �0QK � �BQ� �� �BQ�08� �� 

���� 9+.�����. �� 5�6 7�8� �E�	 A!� A9�� 7&8�L� 

�E� �� -. � -ZP�� -�&; �� 

!�' -�^ MCV)cm(

T/��%[�x�

�/[T%d�x[�

�/�d%��xd�

�/�%��x��

)Z%�(

!�' -�^ MCV)cm(

�/��%[�x�

�/[�%d�x[�

�/�d%��xd�

�/�%��x��

)7(

!�' -�^ MCV)cm(

�/�[%[�x�

�/d�%d�x[�

�/�T%��xd�

T/�%��x��

)~(

���� 9*..�� T�@ U0 �9 �� 5�6 7�8� ?�@ ��� ���0' )<E� :(7_8�` �����. O�� 

)-:(�0QK � �BQ� ��)p:(�0QK �BQ�08� �� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            11 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


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

�� 

 موقعيت نسبت
)cm(به گياه

28%3/41%7/30%9/29%4/38%7/31%1/34%35%9/30%

)الف()ب()ج(

:;�B3	��E/*� I2" •:��$] ;�X, 	��E/*� I2" 

���� 9s.�8� ?�@ ��� ���0' ��%� �� 5�6 7T�@ ��9�` ��� )-. 
�
� � ���H ��0L%�� $B� C��0	 (��

)<E� :(7_8�` �����. O��)-:(�0QK � �BQ� ��)p:(�0QK �BQ�08� �� 

MCVd�x[�1/.�* ;>�:.� !�' =�/" :�( =��B3)�/d�:�p	
 ( 

;�X, ���> ��$] MCV 	
 �Y����[�1/.�* ;:( N9. !�' =�/" 

:.
�+ ."�;�X, =	�B+0 	
 �-\��U ? 12X* =� m�C5� #��/�B+ =�

 !�' 12X* -�^ 	
 -��	)[�x�1/.�* =�/" (;>�:.� :�( =��B3

)>� @B+��:p	
 .(e��' �>? :�p	
 	�
��C. #��� )�*� �+

 ;�X, =	�B+0 	
 -��	 -+ 12X*��> =� e�� 	��P ��'��. 	
 =���

-����^ -���`%�X" 
	����" =����Y)[�x� d�x[� ��xd�?��x��

1/.�* �/" (��*� ;:�( m��>�� .1%��J 	
 ;��X, =	��B+0 	
 -�� =�

-\��U ? 12X* >� @B+ =���-�^ 	
 -��	 e�' �>? :p	
 

!���' 12X��*)[�x�1/.���* =���/" (���*� ;:��( L����C/" .

;>�:.� =�B3 s��CV� 	
 ��Y	�CB� -�CY 	
 -���	 a����  
�
 ���. �Y

#B��� >� ����1/.�* ��*� LB]��. �/")	�
��C.�(.��+ -�5B/. #���

 �BO* ? Z*��	�+ =�Y
	?�/*
)��(��	��$CY ? >:.�.�Y ?)�T(


	�
 1.��ACY .-��	 1.>? m�>�� ;��B3 	��E/�*� I2" -+ �QD. �Y

)�0 #B�����P 	
 (70 ~?����' I���2" ?);����X, ? 12X���* =�

12X*��> (	
	�
�C.��*� ;:( ;
�
 ���. .����. 	�
��C. #��

1" -�\��U =	�B+0 	
 :Y
 =�)�xZ�%� (-����	  -�+ ��Y F	��p

 e� n��/QD. ��/* 	
 1/'��. ;:( m�>�� ;�B3 #B��P !�' =�Y  :�.�

 ;���X, =	���B+0 	
 ���"� 12X��*��> ? 12X��* =�)�x~ ? 7( 

? 70 m�Q6" -�+ �QD. !�' 1.�B" ��/* 	
 -��	 mC5� #��/�B+

;:( m�>�� ;�B3 	��E/*� :.� .

7V�%9�0�H 


 ���. @��">0 R�* ?
 k��/. -.�C. 1"�C� 	
 -] �3� 
� =�B3 �Y

;��X, �?	 	
  -���	 1���<. M�CV #��/��B+ ? 12X�*��> =�

 -\��U �?	 	
 �0 #��/C� 7�D�� ��+ =	�B+0 ? :( ;:Y��" =�

 1%��C`" 70 ��+ -D���E" 	
 �	 -���	 1���<. MCV LB. 7tz��

 �?	 �Bg_� �"�  �*� ;
�
 @��L�� =�Y ��+ 70 ��BGB� ? =	��B+0 

�	 1��<. MCV16`" -� :�. 	�
 .;��B3 -���	 :�(	 -`�*�� :.?	

 b����( 	
 -��	 1��<. MCV 
�
 ���. :(	 I9� R�P 	
 F	W

 Z�H/A" =��Y	�CB� =��+ @��">0)
?:�J 	
�v1�3>?	 (-�+

 
�' ����:J)-+b�*�/" 	�PTT1/.��* ��/" (:B�*	 .#��/��B+

 ;����X, �?	 	
 F	W ;����B3 -�����	 e����' �>? m���C5� =�

MCV 	
  12X*��>d�x[�1/.��* ;��X, 	
 ? !��' =��/" =�

-\��U ? 12X* !�' 12X* -�^ 	
 =�)[�x�1/.�* =��/" (


�+ L��C/" .e� #��/�B+ -�^ 	
 -��	 m�>�� 1/'��. !��' =�Y

•
•

[� [�[�[� [�[� [� [� [�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            12 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


,�� �� -. /01� 2��� 0� �. 0�34' � 5�6 7�8� 7���' ���0� ���... 

�� 

;�X, �?	 	
 :( ;:Y��" 12X*��> =� .	
 70 -�� 1��5.0 >�

 -�\��U =	�B+0 -+ =� e� ? ;
�/D3 	�P �'��. r��X* 	
 =���

 @A� -\��U 1" e�  
��( ���/* 	
 -��	 m�>�� 1/'��. =��Y

 �?	 >� �/�B+  !�' 1Q.�U ;��X, =��Y -�+ 70 -�� =� F	��p

 1" !�' -+ 1`z�" :( ;:Y��" :*	 .F	W -��	 MCV -D���E"

;>�:.� =�B3 R:�" >� I�p�J 16BCA� k��/. �+ ;:(  1�X' =��Y

  LC��3 ? �	�+CROPWAT M�BE2� #��� >� I�p�J R:�" ?

+ 
�
 ���. -+ -U�� �#��� -�� �/" ;��B3 -���	 1�ECV :�(	 _>� �g

 �Y 16B">��> 70 MCV ? aBH,� ? -��f� �B`z?  !�' �B`z?

 1C.  �*� �Bf/" -EX6" R:�" >� ���� b����( 	
 -�� 1�H� =��Y

 ;:( #�?:� �O�
 MP�6" R�Q, I+�, �,
 �+ MP�6" ���* =��+  :.�

 1" -Bp�� -$H+  
�� ;
�G/*� �+ -EX6" �Y =��+ 
�( l�. -+ -U�� 

-�.�3�:U 1�+�5� R:�"  �0 aB�H,� ? ����:�"  -���f�  !�' =�

1.��O. �?:+ -��	 ;
?:2" 	
 70 #B"_� ��$"� �� 

�3 #�?:�

 a� @6� ? 1ECV W�G. F�GH� >� aY���� :�(	 ;	?
 R�P 	
 1+0 

3

� .? !��' ��+�P	 @���� )��*� �+ =	�B+0 ��LB" -\.�6]

 . �+�P	 
�QC� ���QU ? -��	 MCV 	
 -�6B<+ ��+�P	 -+ �QD

 1" ;�O.0  

�3 
	?��+ -��	 ;
?:2" �:.��*	 I,�:J -+ �+ ����

 	
  1����q ��p�6V F��GH� �0 ?��B� ? =	�B+0 70 1ECV F�GH�

 -��p 1���q �p�6V ? =	�B+0 70 8�9" -}Jt" I+�, 1��U =�

:( jV�+ �	.

���MJ��[� 

CY$	�=��Y?c� K��/2" �.?�`" 1>��* ? >��B�( ;�O��.�
 ��"

 -"�.�+ ? ����:" K�/2" #��� 	��Q/V� #B"_� 	
 )	�� ��/*� =L�	

 I2" #B"_� 	
 �(
?�" =�G+0 ���( K�/2" ����:" ? MBE2�

1" @��/* ? ��:E� I+�,  >�B. 
	�" 70 ? @��">0 :(�+ .


��
� ���� ���R%�� 

�.K  1.�DJ� .?Y..=:%�' .����.;�<+ =�E�	� ? �'�6( -+ =>	?��� 70 =	? 	���� 1����q ? 70 �B6"� #B"_� 	�}6".-�V�C5"

;> ? =	�B+0 1H" -/BC� @��CY #BCY
>�� F^�E" ����� 1�� �xd=
;�"���� F�2Gp �Tdx��T.

[.K  1.�DJ� .?Y..=:%�'.���[.;�<+ =>	?��� 70 =	? .;> ? =	�B+0 1H" -/BC� a/D�B* 	��� ;?��3  ����� 1�� 	
 =	��B+0 =��Y

  -V	L"���Gp-2.

�.~�J K  1*�QV .l.��T� .;�B3 -��	 ? !�' e�LB� .RLq F�	��/.� ��<Gp�.

d.K  =:+�V .~.?�.1G5..���� .=>	?��� 	
 ;:( -BG9� 7tz�� >� ;
�G/*�.=	�B+0 1H" -/BC� F�	��/.� ;> ?���<�  ����� 1��.

�.�  ;
�LBHV .���� .;�B3 ? !�' ? 70 -X+�	 .�=�z	 ):, ��/*0 F�	��/.:<�"  .

�.l  >	?��� .?!.s
�p ;
�>.��T�.�+  =>	?��� @A+ 	
 70 8�9" ����:"0���2+  ;:6�0 =��+ �z�E� 
	? e��' =�Y  1%��*

 a�]  
�U�" �B`z? ;�	 ? ;:�6�0 =�Y>�:.� -�6B<+ ��<U 1���Y	�� 70 8�9�" =>��* .k�?���? �>��"0  F��EBE2� ��">��*

  =>	?���~��.

T. 1QBD" K.��T� .-]�Q�
 =�@%�] ? 1/GO(  70 m+�6" �+ .���<Gp� -.�A��] F�	��/..

�.K  =
�Y�B" .~.����.F	W .  F�EBE2� ��">�* F�	��/.� =>	?��� k�?�� ? �>�"0���<� .

9. Antony, A. and R. B. Singadhupe. 2004. Impact of drip and surface irrigation on growth, yield and WUE of 
Capsicum (Capsicum anum L.). Agric.Water Manag. 65:121-132. 

10. Barry, D. A. J. and M. H. Miller. 1986. Corn response to restricted nodal root growth with relevance to zero tillage. 
Can. J. Soil Sci. 55(4):689-699. 

11. Bar-Yosef, B. and B. Sagiv. 1985. Potassium supply to field crops grown under drip irrigation and fertilization. 
Proc. Potassium Symposium Pretoria South Africa. PP. 185-193. 

12. Borg, H. and D.W. Grimes. 1986. Depth development of roots with time: an empirical description. Trans. ASAE. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            13 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html


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

�[ 

29:194–197. 
13. Ellis, F. B. and B. T. Barnes. 1980. Growth and development of root system of winter cereals grown after different 

tillage methods including direct drilling. Plant Soil 55: 283-288. 
14. Follett, R. F., R. R. Allmaras and G. A. Reichman. 1978. Distribution of corn roots in sandy soil with a declining 

water table. Agron. J. 66: 288-292. 
15. Goosen, M. F. A. and W. H. Shayya. 1990. Water management purification and conservation in arid climates. CRC 

Press Inc., USA. 
16. Hackett, C. 1969. A study of the root system of barley. II. Relationship between root dimensions and nutrient 

uptake. New Phytol. 68: 1023-1029.  
17. Hernandez, J. J. M., B. Bar-Yosef and U. Kafkafi. 1990. Effect of surface and subsurface drip fertigation on sweet 

corn rooting, uptake, dry mater production and yield. Irrig. Sci.12: 153-159. 
18. Lungley, D. R. 1973. The growth of root system - a numerical computer simulation model. Plant Soil 38: 145-151. 
19. Madsen. H. B. 1985. Distribution of spring barley roots in Danish soils of different texture and under different 

climatic conditions. Plant Soil 88: 31-40. 
20. Martin, D. L., E. C. Stegman and E. Fereres. 1990. Irrigation scheduling principles. PP: 155-203. In: Hoffman, J., T. 

A. Wowell and K. H. Soloman (Eds.). Management of Farm Irrigation Systems. ASAE.  
21. Nickel, S. E., R. Kent Crookston and M. P. Russelle. 1995. Root growth and distribution are affected by corn-

soybean cropping sequence. Agron. J. 87: 895-902. 
22. Ong, C. K., J. Wilson, J. D. Deans, J. Mulayta, T. Raussen and N. Wajja musukwe. 2002. Tree-crop interactions: 

manipulation of water use and root function. Agric. Water Manag. 53: 171-186. 
23. Panda, R. K., S. K. Behera and P. S. Kashyap. 2004. Effective management of irrigation water for maize under 

stressed conditions. Agric. Water Manag. 66: 181-203.  
24. Pellerin S. and F. Tardieu. 1999. Distribution of maize root system. Some results obtained for elaboration of the 

concept of the three dimensional model. Zesz. Probl. Postepow Nauk Roln. PP. 385-394.  
25. Romo, R. and D. H. Diaz. 1985. Root system and nutritional status of peaches under drip or flood irrigation in warm 

climates. Acta Hortic. 173: 167-171.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.6

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.6.1
https://iutjournals.iut.ac.ir/jstnar/article-1-870-en.html
http://www.tcpdf.org

