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

���

".! �� �/0� 1���2� 0� 304� 
�0$ � 
0��	5 0��67 08� �� 9	/ 04)� 
	�

:;� <�=�> ���? 0@� �� ABC
� ��

�
�D� ���)�* E��	��5 �� F� E�	�GHI 2 ?�� ���	/ J�)?*

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

�2�K$

      	L@� M�	� N�O� 
���	�5 1@0@2� � P	�� �    ��	�Q R!�S �� ��?	� P�0��67 �ET���� 2�G�7 E  � �@�UVO 0W	
� A/0$ E9	/ �G> ���� 

�� 9	/ 04)� �@	@�S��! .".! ��2B� 0� ��	�Q R!�S N@0=7 0�8Y7 R��ZS J@� �� 04)� "@	�G 0�O � "@	�G [	(�); E"@	�G �;2�� � �G> 
	�

 �� �         2! ���0� 9	/ �;2�� � �G> "5 04)� ��2B� J�
$ .� ;A;     \ � �� 9	/ 
	�*]^] �(;	�         ��	�Q R!�S 	� �70� 
0��	5 A� �� 
0(�

   &�/ [	(�);)_`^_] 2W�� (       a��b ��	�Q R!�S 	� �70� E)*]^` 2W��  (        RV!�S 	V� �70� 
0��	5 �� � �	cG�� ���? 0@� �� ��< @� �

    &�/ [	(�); ��	�Q)+]^_` 2W��  (   a��b ��	�Q R!�S 	� �70� �)*]^`2W��  (P��	� ��� I �	�>>2! 
�� . ��2B� A5 ��� �	�; d@	(;

 N�707 A� 9	/ �G> "5 04)�_/*, � e/_+ � �	cG�� �� a��b ��	�Q R!�S 	� �70� � ��< @� 
0��	5 �� 2W�� ,/f] 	� �70� �� 2W�� 

    P��	� �� a��b ��	�Q R!�S          1�� A(�	@ R�	5 &�/ [	(�); R!�S 	� �70� A� 1�); �	�> .�0�    04)� �G> 
	�      0V��67 �7�0� N@0=7 08� ��

   �0� A� 1�); 
0(���A� E1!�� �;2�� 
	�
���".! �	cG�� �� A5  NV�707 A� 04)� "@	�G 0�O � "@	�G [	(�); E"@	�G �G> 
	�+/-_ E+/_f � 

*/-       � ��< @� 
0��	5 �� 2W�� */f_  Ee/*+   � e/*_   !�S 	� �70� A� 1�); a��b ��	�Q R!�S 	� �70� 
0��	5 �� 2W��  [	(�); ��	�Q R

  1�	@ R�	5 &�/ . P��	� ��     �� 
�0$ 08� �� <�; �	�> ".! J@� ��2B� ��	�Q R!�S R�	5 � ��� A@��   NV�707 AV� 	�f/gf E-/+` � f/ff

 1�	@ R�	5 &�/ [	(�); ��	�Q R!�S 	� �70� A� 1�); 2W�� . 0� �#I�7 "�	h 0�8Y7 ��	�Q R!�S N@0=7 A5 ��� �	�; R��ZS J@� d@	(;

2B����� 9	/ 04)� 0@	/i �� . � A(�	@ R�	5 j0(�� "�	h 04)� Ab0� �� 9	/ �@	;��7 9	/ �� 04)� ��	B� � ��	B� [	(�); 0@	/i R�	5 	�

"W	? � 
���	� P�2h ���� A(�	5 P2� ���� �� 9	/ 
<�/��!.

�k��
	�
2��� :".! E9	/ N@0=7 E
0��	5 0��6704)� 1���2� E04)� 
	�

A�2B�

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

         
�12 	0�3 ),	&�45 ����-  & 6�1789 �1:;� �<�)��   & �� .(

 ����-  >�0       ?+�%� 	
 �4+.�� 60�+11@� 
�A�0 B9�C D7E0 �*

�*�12F G %1C -1H%� F  	
 ��0�+E �I�J9 K"�L & !�" �H$ 
0%  

 �  MN(1O%50  
%�)� & ��( .�45   �/P%Q 	�5&     #&-+C & 6-+ 

  �  !�" �'(� ?*�5 B9�C !�" KC 
%5 #
&R�0 
%+� .  �9�+O

      !�" 6�1789 �:0 	
 �H$ 
0%  K�RA� KC ),	&   ?�0R�0 MS� TU�&

� -C��)��(             #-+� �/-+V  �+:0 	
 !�+" �'(� ?*�5 >�0�C�JC F

 �++  MS++� ,0 �++��/  -++��C K++W%� �++C�3 -++/0%� .M++*>1++JL

� . D1��� KC-�	0 �O�J�	�5 KN"% $ ?/0
F!�" 	�14/0
 & -1��O0 F�O�J�F),	&�4X T-Y4/0
 #�Z'I0 �NVJI T�[4/0
 

* : �Y1/&�NYH0 �(� F6�\��Y  ]%^(  :mdmi80@yahoo.com

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


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

���

K++C #$ _&�++" & #�++*�12 `++O%� �'(++� a�++W �++�0
�C �++1H


              ),	&�4+5 �+:0 	
 !�+" �'(� ?*�5 � 0%9 �[�
 ,0 ]%b< 

  �O0)��( . MZ  ,0    � 	0-c  ?*�5 � 0%9 >�����   d+7NS  )�*

D1� �e0	0 	
 �'(�F	0
  �+O0 !�+" ?��O�� .   )�C	�+5 f%+/

         ?��+O�� #0R1  �C �1:;� �C �*�12 ?�%� & �e0	0     �1:;+� !�+" 

 Kg.h  �C�3       K+C T-� _	�" a%O	 	0-c  �C )0    a�+/0&	 K71+O&


	0
 .      �  �cNJ  0	 ��R�	 60	i P%8V  ?��O��    60	i >�0 & -J5

 �H$ �'(� )
��, 	0-c  )&�.-JN(* �/-V  &)j.(

            M+5 k+�l%H%1C m�+<H ,0 !�+" 	
 �H$ �'(� KL�20  ?1+C&

               K+C #-+� �+H$ & �/-+V  )�*-+J�0�� �+Q � 0 �O0 	0-���  	%+Q

      �O0 ��-\� & �11@� ]�. 	
 KNO%1� .       �\(+/ �+C �+'7NS  � 0%9

       !�+" 	
 �+H$ T
�  �5 KC �H$ �'(�   -+/�:n  �/-+V  )�+*.  >+�0

        T�'(+� )�+*
%5 
�C	�5 � �� � 0%9  !�+" 	
 ,   )	
�+  
0%+ F

M1730F T, �45F MS� 6�1789 FpH   -JN(+* !�+" p+89 & .  T
�+ 

  !�" 	
 �H$              K+C �\(+/ )�N4+1C �'(+� )&�+. �+��C R�	 )�*

!�"   �O0 ���C ��	
 )�* .         	
 �+H$ T
�+  KC �H$ �'(� �\(/

!�"    >1C d7NS  )�*�   �� �        KA1N/ 	
 & �O0 #�O%/ 	
 -I	
 

 �  B9�C      �'(+� K+C >C�5 �\(/ 
%�    �+H$ )C/Po (  !�+" 	
  �+*

  -��C �1@N  	�1(C .        #-+� �/-+V  �1(/�N� 
	&0�C )0�C �\(/ >�0

     �+  T
�'NO0 !�" �H$ �'(�   
%+�)�� .(     	%5�+  �\(+/)C/Po (

   T
%� �(�, )0�C)Biomass(    K+C �\(+/ �ZW%+� �C�3 	0-c  KC 

             T
%+� �(+�, �+H$ �'(+� -I	
 0��, �O0 �N85 !�" �H$ T
� 

�    >1C -/0%��    �+� ��   -+��C -+I	
)��( .�    R+1/ �*�+12 ?+�%

�               -+��C KN+�0
 !�+" �+H$ �'(� 	0-c  )&	 )
��, �1:;� -/0%�

KC)	%Q  !�" 	
 K5           �'(+� ,0 �ZW%+� �+C�3 ?+SC �V��  )�*

KC    �O0 �H$ 6	%I)�(.             �'(+� & �+H$ �'(+� K+C >C�+5 �\(/ 

             �+e0	0 )�C	�+5 & ����-+  �1:;� �<� R1/ �H$ �'(� KC �/-V 

 
	0
 	0�3 . %H�+O     #0	�+�8* & #% )���� (  K+VH�q  	
   �\(+/ )0

       !�" 	
 0	 �H$ �'(� KC �/-V  �'(�       �+[JW ?+�%� �+�, )�*

�V1\QF           D+1��� KC �45 ��, & ���5 �O
 �[JW �/�F�/�  & 

�/�    -/
�5 �	0R2 )�� .(  ,0     �+11@� �+:0 	
 �+H$ �'(+� >N�	 >1C

    KC r��-89 FMS� & )�C	�5        	
 �'(+� #-+� �/-+V  ?�0R�0 �79

  KA1N/    �45 & �*�12 ?�%� s�.  t&0-+  	�5& ,   �'(+� _&�+"

            t-+9 & t0
 `+O%� T-+� s�b  �� T-� ��0
�C #�*�12 `O%�

     M* & !�" KC #$ �42,�C    ,0 �+JE 60	i _&�+" ?�0R+�0 >1JL

D1� �e0	0 	
 �'(��O0 	0
)��.(

              �+C ),	&�4+5 6�+1789 �1:;+� 
	%+  	
 �+'7NS  6�VH�q 

t��       t�A/0 !�" 	
 �'(� d7NS  )�*    �+O0 T-�)�  F��  F��  & 

�� .( �/�5 	
 
%W%  �'(�    K+5 �'(+� )&�+. K�%/�: & K1H&0 )�*

�8/ 
0,$ ]%7<  #&	
 KC 6-  T��%5 	

%� �/-V  �'(� � ��

   T-� u%\< )Occluded()    T	�b+9 �C�3 �'(�     �+C )�+12CDB

)Citrate- Dithionite- Bicarbonate(	P%  M*
 k� 
%O &  ( &

    T-4/ u%\<  �'(�)Nonoccluded) (  T	�b9 �C�3 �'(� )�12

    	P%  M*
 k� 
%O �C (    �+  K5-+��C �        0	 �+Z/$ f%+8A  #0%+�

 �'(��� �/-V �0- 	)Stable Inorganic Phosphorus (  & F-+1 �/

M++*  t&�++c  & t&�++c  r�N\(++/ �++H$ �'(++� >1++JL)Moderately 

Resistant & Resistant Phosphorus( ,0 )
	&0�+++++C 

�I�. �" )R1"  �H�. 	
 -JN(* 6-  ,0	
 	
 !   �+H$ �'(+� K5

 �++��\H)T	�b++9 �++C�3 �++H$ �'(++��++C �++C )�++12 M�-++O 6�++JC�5

�/� F]�+++ �/�/� =pH (    -+++/%1� �(+++O �/-+++V  �'(+++� &

)Loosely bound inorganic phosphorus()   �++C�3 �'(++�

T	�b++9  	P%++  k++� -++�0�75 t%++1/% $ �++C )�++12 ( ,0 )
	&0�++C

�++I�.++  T�++�%5 	
 !�++" )R++1" -JN(++* 6-)��( .��++� >( &

  KVH�q  	
 #0	��8*         T-*�4+  ��,�C 	
 D1� #&-C �e0	0 	
 )0

            �ZW%� �C�3 �11@� )�C	�5 �11@� �:0 	
 ���\H �H$ �'(� K5 -/
�5

 �H�.	
 KN�0-/   T	�b9 �C�3 t�� K5       ]�+ �/ M*
 k� 
%O �C )�12

       �O0 KN��� ?*�5 MS� �:0 	
)�� .(M*    �18O0 & �7�	�� >1JL

 q  	
    ��� 	0-c  ?*�5 
%" KVH�      	
 0	 �H$ �'(� d7NS  )�*

   -/
%8/ �	0R2 MS� �:0 .        	
 ?*�5 KC r��-89 0	 ?*�5 >�0 �Z/$

    -JN(/0
 w%C�  t&�c  r�N\(/ & ���\H r�N\(/ �H$ �'(� ��
�c  . ?SC

        �/-+V  K+5 )
	0%+  	
 �+[  T-� x'. �NC�: -. 	
 ���\H �H$

       �C T-� #$ 	0-c  -�-� ?*�5 B9�C #-�-� .  	0-c    �+H$ �'(�

               
	0
 �81cN(+  w�+\�	0 ,���'(+� M�R+/$ �+1H�V� �+C ���\H)��(.

    #0	��8* & #% %H�O)���� (         & �+��\H �+H$ �'(+� ?*�5 	0-c 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


".! �� �/0� 1���2� 0� 304� 
�0$ � 
0��	5 0��67 08��� 9	/ 04)� 
	�...

��j

  T	�b9 �C�3 �'(�    �+11@� �+:0 	
 0	 ]�+ �/ M*
 k� 
%O �C )�12

 D++1��� K++C !�++" MS++� & )�C	�++5�� & �� �	0R++2 -++I	
 

-/
�5)��(.

  ,0 !�" ?��O��       ��+� ?*�+5 	
 M+Z  �+ 0%9    �+H$ )�+*

 �O0 �'(� .            ?*�+5 �+C K+5 �O0 #$ ,0 �5�. d7NS  6�VH�q 

  ��++� 	0-++c  F60	i T,0-++/0    ?�0R++�0 �'(++� d++7NS  )�++*

�   -C��)j  F��   & �� .(        u	 yRW K5 -/
0
 #�4/ >8H & #% %H�O

   t�� 	0-c  >��N41C )0	0
     �O0 �'(� �/-V  )�*)�� .( & >(���

  �4  R1/ #0	��8*         � �+� r��-89 ���\H �/-V  �'(� K5 -/
�5 T-*

           60	i >�0�C�+JC �O0 60	i zqO )&	 T-� a�W �/-V  �'(�

 KC ��R�	        ���\H �'(� )�N41C ��
�c  )&�. ��P�C TU�& zqO �79

 -JN(*)�� .( �\(/ 60	i T,0-/0 ?*�5 �CPi / Po)  �/-V  �'(�

  �H$ �'(� KC(  �  ?*�5 R1/      ��+O�� �+1H
 >18* KC -C��   !�+" ?

         
	0
 !�" �H$ �'(� 	0-c  �C )�N41C �1:;�)��.(     ���+"i x+'. 

        �I�. ?*�5 ,0 )�12%7W )0�C !�" 	
 �H$ �'(�  !�" )R1"

      �O0 )
��, �18*0 R��. 6-  ,0	
 	
.      �+H$ �'(� 	0-c  >11V� 

     ���\H �1E & ���\H r�N\(/) t&�+c  & t&�c  r�N\(/ �H$ �'(� f%8A  (

  �  !�" 	
  %� �[/�1C -/0%�         �+C�3 �'(+� K+e�9 )0�C !�" ���/0

      -��C 6-  ,0	
 	
 T�12 )0�C T
�'NO0 .   ��� >�0 	0-c  ?*�5 �*

     T-++J�$ 	
 {++�0�  )	&	�++C 6	-++3 ?*�++5 B++9�C !�++" 	


� 
%�)�.(

!�"    KN�	 KJ 0
 	
 {30& )�*T%5  KC u�20, )�*   D1+� �79

   #0	�C f%3& & 
��,         �+C$ ?��+O�� �1:;� �<� T	0%8* -�-� )�*

	0�3 -/	0
  .   KC u�20, {�0�  D��S�  �C )0�L �79 t0
 K�&	  & �*

	0R8�
 KC �V��  �e0	0 ��-\�    >+�0 	
 ?��+O�� -�-4+� B9�C

K++C �++O0 T-++� �++e0	0)	%++Q#�++O�J�	�5 K++5F -++/&	 -�-4++� 

#�C�1C        �8/ 	�gN/0 ,0 	&
 0	 pQ�J  >�0 	
 ��0,-J/0
 .    #
�+C >1C ,0

            |1+* #&-+C �+e0	0 #
, MS+� & �*�+12 ?�%�    ]�+890 K+/%2

      �I�. ?*�5 & !�" ��		-* B9�C �N���-     & T-� #$ )R1"

   KC ��-  ,0 G�   )
�bN30 T
,�C >N�0-/ �79F     T-+� �*	 �*	0R8�
 

      KC �Z/$ ,0 )	�1(C ���Z/ 	
 & ��-\� -�-� �3-J" ?��O�� �1H


    T	
	0R* �e0	0 KC)Badland( �  -/%� .     >+�0 K+C KW%� �C   	
 K+5

    �12 ?�%� �1:;� F�  	%45         �'(+� 60�+11@� �C )�C	�5 f%/ & �*

         M* & KN��[/ 	0�3 KW%� 
	%  ���5 T,0-/0 KC !�"   �+18*0 >1JL

    �I�. 	
 !�" �'(� ���"i      ?*&U� 	
 F!�" )	&	�C & )R1"

         	0-c  �C 	0R8�
 KC {�0�  ��-\� & -. ,0 ?1C )0�L �1:;� �e�.

  ��� ,0 �"�C            pQ�+J  	
 T,%+. �+�, &
 	
 !�+" �'(+� )�+*

�/�N(*%5   -� KVH�q  u�20, . {��  !�" T-� KVH�q  pQ�J  	
 

    KC a%" r�N\(/ ?�%� �C          K+C k+�
R/ `�0�+� �C !�" k� #0%J9

             #
0
 #�4+/ ?*&U� >�0 ,0 s-* & -� KN��2 �g/ 	
 G5�8175

   �45 ]�O -JL �1:;�&        	
 �'(� �1Ve& �C w�'  )0�L & 	�5

!�" 
%C �V��  )�* F   #0R+1  T,%+. ��, �* 	
 >�0�C�JC  D+��S�

                K+cqJ  #�+8* 	
 a%+" r�N\(+/ ?+�%� �C {��  !�" KC �\(/

-� �O	�C.

�����m��	�

�@�0FW P	�� �

    KVH�q  
	%  pQ�J )  ���� (      T,%. 	
 k/& R1SC$ T,%.��, 	


,0 -J�	�\9 & -/	0
 	0�3 �H�8� #&	�5 R1SC$:

�.               	
 #�A1H%+O )�N+O&	 6	&�+A  	
 K+5 #�[H%O T,%. ��, 

 #�N++O�Z� a%++JW 	
 & >W&�++C}��~ �����& �3�++� ]%++Q 

} ��~ �j� ��    #$ f�'�	0 & 
	0
 	0�3 �H�8� ��9 ����  �+N  

�  ��	
 zqO ,0-��C.Kc\Q    � %/%(+5�� -+175 p+\Q !�" )-JC

���� FCalcic Haploxeralfs�O0  . KcqJ  DH�E �*�12 ?�%�

 #%++2 � �++�)Astragalus sp.( ,  >4++�&$)Anthemis sp. ( &

M1A/	0) Erangium sp. (� -��C . �C 
�O ]-NV  KcqJ  >�0 M1730

#�N(++C�� K/P�++O �	�++C `++O%N  & k4++" & k++J" )�++*���

�71       K/P�O `O%N  )� 
 & �N ��  �N/�O KW	
   �+O0 
0�2 .  K+O

            �+��2 	0�+3 KVH�q  
	%  T,%. >�0 	
 �e0	0 6&�'N  )�C	�5

 6	�\9 K50   ,0 -/��      " r�N\(/ �*�12 ?�%� �C {��    a%)  ?+�%�

  �*�12�����  -+I	
 (F��           d1V+e �*�+12 ?+�%� �+C {+��  

)   �*�12 ?�%����� -I	
  (  &��        MS+� ,0 �+I�. 	0R+8�
 

{�0�  .   KC KVH�q  
	%  	0R8�
  6- �       	
 & t-J2 �45 ��, ]�O 


%C KN��2 	0�3 u-9 �45 ��, �1"0 ]�O &
.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


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

���

 ".!*.�B; 
�� A�G	C� ���� \�	
� 1��h�� �G	 ! ���	5 <�=�> ���? A

�. 60
�O T,%. ��,  �.�(  �C 
�C$��j�   a%+JW 	
 K+5 	�N�* 

      #�Z'I0 #�NO0 	
 Fk/& T,%. ��, �3�� ,    	
 & t�18O #�NO�Z�

  60
�O )�NO&	 	&�A    �O0 KN��2 	0�3 
�C$ .  	
 K+cqJ  >�0} �j

~ ��� ��     & �3�� ]%Q } ��~ �����     T-� {30& �H�8� ��9 

   f�'�	0 &     ��	
 zqO ,0 #$����  �  �N  -��C .Kc\Q    !�+" )-+JC

   � %/%(++5�� -++175 p++\Q����FPetrocalcic Calcixerepts

� -��C .    K+J�0
 & #%+2 #$ D+H�E �*�12 ?�%�)Daphne sp. (

�O0 .                K+cqJ  >+�0 	
 �+O�J�0%* T�[N(+�0 
%+\/ K+C K+W%� �+CF

          K+5 t�18+O #�NO�Z� �O�J�0%* T�[N(�0 ,0 #$ �81730 6�9hQ0

k�
R/      KC �O0 KcqJ  KC �O�J�0%* T�[N(�0 >���  -+ $ �O
 .  �+C

        #�N(C�� �C 
�O ]-NV  KcqJ  >�0 M1730 Fu�O0 >�0   & k4" )�*

        #$ K/P�O �2-/	�C `O%N  & T
%C kJ"��� �71     `O%N  & �N 

    #$ K/P�O )� 
°Cj/�� �O0  .        	
 �+e0	0 6&�+'N  )�C	�+5 &


  +5 ���2 	0�3 KVH�q  
	%  KcqJ  >�0  ,0 -+J�	�\9 K��   �+C {+��  

     a%" r�N\(/ �*�12 ?�%�)     �*�+12 ?+�%������  -+I	
  ( &

��     d1V+e �*�++12 ?+�%� �+C {+��  )  �*�++12 ?+�%�����

-I	
 .(

         �2U�& 
��, 6&�'� & KcqJ  #
%C �/�N(*%5 KC KW%� �C )�*

   60
�O & #�[H%O 	
 Fd7NS  w�c/ 	
 !�"    &
 D+1��� K+C 
�+C$

  �.�(  �C T,%.��,  )�*�/��   & �/�j       `+O%N  D1+� & 	�N�* 

��              K+O���5 k+*$ �J+O -/,�O )&	 & �H�8� �ZW �C -I	
 

-++� a�++SN/0 .K++/%8/ p++89 ,0 !�++" )�++*�����N/�++O  & �++N 

KC              & KN+�0
�C )�C	�+5 �+* 	
 d+7NS  w�c/ ,0 ��
�b� 6	%I

     K+C & K1Z� )�C	�5 �* ,0 D5�  K/%8/ k� F#
�5 w%7S  ,0 G�

-� �cNJ  T�[4�� ,$ .

A@<L7�@	� �! 
	�

     K+/%8/ #
�5 k4"0%* ,0 G�         k+H0 ,0 	%+\9 & �+*�  �+71    �+N 

T,0-/0)�12      	
 �Z/$ )&	 �*�[4�� ,$ )�*�   -+� t�+A/0 	0�+�� .

 T,0-/0 )0�C        K+/%8/ 	
 �5 �/-V  & �H$ �'(� )�12    F!�+" )�+*

R �17�& & ,	-/�O �&	)��(KC T-� �hI0  R 0
$ & �50& K71O&

)� ( -++� T
�'N++O0 . !�++" �++75 6�b++S4  	
 �++* ]&-++W�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


".! �� �/0� 1���2� 0� 304� 
�0$ � 
0��	5 0��67 08��� 9	/ 04)� 
	�...

���

 ��2I*.9	/ ��5 P	n=�� �2! A�G	C� 
	�

)�C	�5pH#l&�N1/�H$ >C�5k*$>��71Ou	

#�[H%Og.kg-1 
 a%" r�N\(/ ?�%� �C {�� 

d1Ve ?�%� �C {�� 

	0R8�


��/j

��/j

��/j

��/�

��/�

��/�

�/��

�/�

�/�

��j

���

��

��j

���

j�

���

���

��j

���

��j

��j

60
�O
�C$

 a%" r�N\(/ ?�%� �C {�� 

d1Ve ?�%� �C {�� 

�/j

�/j

��/�

�j/�

j/��

��

��j

���

���

���

���

���

���

���

�  T-*�4 
%�.

       K+/%8/ 	
 �+��\H �'(� >11V� )0�CF  T	�b+9      �&	 K+C )�+12

  >(H&0)��(   t�A/0 ���2 .b9        M1(+c� �8(+3 &
 KC �I�. T	�

-� .      ��	%  �&	 KC T	�b9 ,0 �8(3 k� 	
 �'(� �g7E 0-NC0

   �7�0	 &)��(           
%+C ���\H �/-V  �'(� T-J*
 #�4/ K5 -� >11V� 

)� .(           K+C ]%7<  �H$ �'(� ��-\� )0�C T	�b9 �[�
 ?SC G�O

  KC �/-V  �'(�     M1+O�N� 6�'H%O�� K71O&)K2S2O8(     -+� M�+* 

)� .( 	%gJ  >�-C� �71            Tl&l >H�+C k+� �"0
 KC T	�b9 ,0 �N1H

�� �71      & �cNJ  )�N1H�/�      & M1O�N� 6�'H%O�� t�2 � �71   �N1H

   k�	%'H%O -1O0�/�        K+C >H�C & K��e0 #$ KC 	P%     6-+ ��   �+� 

��     )� 
 	
 Kc13
 ���  �N/�O KW	
      M�* �0
 K<'I )&	 
0�2

-� .        �'(+� T-+J*
 #�4/ T	�b9 >�0 	
 �'(� �g7E �+��\H  �+5 


%C .    �'(� �e�'� ,0���\H  �/-V  & �5 ���\H ,   �+H$ �'(+� �+��\H

KC - $ �O
)�(.

 r�N\(/ �'(����\HT	�b9 K7.�  &
 	
  -� )�12)�:(

                �+J71�0 �+7� s�+� k+� K+C !�+" K/%8/ ,0 t�2 k� 0-NC0���

�71  �cNJ  )�N1H ,  G�O�� �71   	P%  k� k�	%'H%O -1O0 �N1H

   & K��e0 #$ KC KC    -� w%7S  ��1� )&	 �9�O KO 6-  . G�O

K++C K++/%8/ 6-++ ���++C K++c13
  �9�++O���� K++c13
 	
 	&
 

       -� T
0
 	%\9 ���I �E�5 ,0 & l%1'��N/�O .    &
 KC �I�. T	�b9

              T	�b+9 ?+SC k+� 	
 �81cN(+  �'(� �g7E & M1(c� �8(3

         r�N\(/ �/-V  �'(� T-J*
 #�4/ K5 -�
�2 >11V����\H 
%C  . ?SC

 9 �[�
    KC �\3 K7.�  -J/�  T	�b     M�+* M1O�N� 6�'H%O�� K71O&

                T-+J*
 #�4+/ K+5 -+� >11V� R1/ T	�b9 >�0 	
 �'(� �g7E &

   r�N\(/ �'(����\H  
%C �5  .      �%+� 	0-+c  &
 �e�'� ,0 ,   ,0 �4+SC

KC ���\H r�N\(/ �H$ �'(� - $ �O
)����(.

 K++/%8/ -++VC K++7.�  	
  k�	%'H%++O -1++O0 `++O%� K++5 )0

T	�b9)�12        KC & %4N(� ]%/��0 �C 0-NC0 
%C T-�    6-+ �   K+c13
 

       �9�O �C & w%7S  ��1� )&	����     l%1'��N/�O Kc13
 	
 	&
 

-� .      �3�+C !�+" KC & KNS�	 	&
 >1�&	 s�I ]%7<   T-+/� ��

�71    
%O �N1H�/�   KC & K��e0 ]� �/  6- �   ��1+� )&	 �9�+O 

     -�
�2 l%1'��N/�O G�O & T
0
 #��� .  &	 s�I ]%7<    M+* F>1�

       r�N\(/ �H$ �'(� ,0 �4SC � �����\H       �1E �H$ �'(� M* &  �+��\H

)   t&�c  & t&�c  r�N\(/ (
%C .        K+C T	�b+9 0RW0 >�0 #
�5 0-W )0�C

   -� M1(c� �8(3 &
 .          �8(+3 k+� 	
 �81cN(+  �'(+� �g7E

               r�N\(+/ �+H$ �'(+� t&
 ?+SC T-J*
 #�4/ K5 -� >11V� T	�b9

���\H  
%+C  .      /�  T	�b+9 �+[�
 ?+SC       K+C �+\3 K+7.�  -+J  K71+O&

          -+�
�2 >1+1V� #$ �'(+� �+g7E & M�+* M1O�N� 6�'H%O�� . ,0

              �+H$ �'(+� 	0-+c  & T-� M�* T	�b9 	
 �'(� �g7E �e�'�

  r�N\(/���\HF     �1E �'(� �g7E ���\H KC  - $ �O
 .   �'(� �5 	0-c 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


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

���

 ".!_.��	n� "?�0� 04)� 
0�Q)e(

   r�N\(/ �H$���\H ,0        r�N\(/ �H$ �'(� &
 f%8A  ���\H     T-+� >1+1V� 

    KC �\3 K7.�  &
 	
   - $ �O
)� .(      �&	 KC R1/ !�" �H$ >C�5

 k7C & �50&)�� (T,0-/0-� )�12.

T
0
 �++17<� & K++�RA� rh �++5 !%++7C ��++Q D++H�3 	
 �++*

  t�/ ,0 T
�'NO0 �C & ��
�b� 	0R�0SAS  >1[/�+1  K(+��c  &   �+*

    #%+ ,$ `O%�LSD   zq+O 	
     ]�+8N.0 � %  �+��2 6	%+I .

   t�/ ,0 T
�'NO0 �C �*	0
%8/ 	0R�0EXCEL-� MO	  . K+C  	%+gJ 

T,0-/0          �'(+� ���"i 	0-c  �C �*�12 ?�%� D��S� �:0 )�12

            a%+" r�N\(/ ?�%� �C {��  )�C	�5 T,%. ��, �* 	
 F!�"

KC       )�C	�5 & -� KN��2 �g/ 	
 -*�� #0%J9      #$ �+C �+[�
 )�*

-� K(��c .

d@	(; � MF�

             �+5 �'(� F�5 �'(� �C �*�12 ?�%� �1'15 & )�C	�5 f%/ �:0

           	
 KcqJ  &
 	
 !�" �H$ �5 �'(� & �/-V ���   )�+*�   & �

     �+O0 T-+� T
0
 #�4/.               K+cqJ  �+* 	
 K+5 �+O0 �+5i K+C t,P 

        FM1++730 F)	
�+  T
�+  � �+� !�+" T-+J*
 �1�4+� )�+*	%N5��

    C #�(�� #� , & ��0�2%�%�        6�1I%b+" 	
 �+11@� F>�0�C�+JC 
%

 �  !�"  KC r��-89 -/0%�           �+e0	0 ����-+  & )�C	�+5 f%+/ �+1H


-��C.            {��  )�C	�5 	
 KcqJ  &
 �* 	
 �5 �'(� 	0-c  >��N41C 

                 	
 #$ 	0-+c  K+5 -+� T-*�4+  a%+" r�N\(+/ �*�12 ?�%� �C

  #�[H%O���   60
�O 	
 &   
�C$�j� �71    t�2%715 	
 t�2    & 
%+C 

   6&�'��JV    )�C	�5 �[�
 �C 0	 )	0
   
0
 #�4+/ �* .    �'(+� 	0-+c 

   	
 �5           	0R+8�
 & d1Ve ?�%� �C {��  )�C	�5 &
 	
 #�[H%O

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


".! �� �/0� 1���2� 0� 304� 
�0$ � 
0��	5 0��67 08��� 9	/ 04)� 
	�...

���

a

a

a

b

a

b

c

a

b

0

100

200

300

400

500

600

700

800

�� ���� �	
�� �� ���� �
� �� ����

(m
g/

kg
)�

��
�

 ����	 ���� �� ����

 �� 

 ���� �� ����

!"�#

$%&'()

 ".!+. 
0��	5 o�; 08� )R!�S 1�4�5 (�	cG�� �7�0� 9	/ "5 �;2�� � �G> 04)� E"5 04)� 0@�	B� 0� .

�	�; 
0� 0� �� A�	�� p�0?�
�� �2
��J�� P�	47 ����; ���
0��	5  �	 (?� qC� �� 	�` %��2!	�.

a

a

a

b

a

a

0

100

200

300

400

500

600

�� ���� �	
�� �� ���� �
� �� ����

 (m
g/

kg
 )  �

��
�

 ����	 ���� �� ����

 �� 

 ���� �� ����

!"�#

 ".!f. 
0��	5 o�; 08� )R!�S 1�4�5 ( ABC
� �� 9	/ �;2�� � �G> "5 04)� E"5 04)� 0@�	B� 0�

P��	��	�> .�	�; 
0� 0� �� A�	�� p�0?�
�� �2
��
0��	5 J�� P�	47 ����; ��� �	 (?� qC� �� 	�` %

��2!	�.

   D1��� KC���   & ��� �+71            6&�+'� K+5 
%+C t�2%+715 	
 t�+2

�JV     -4/ T-*�4  )�C	�5 &
 >�0 >1C )	0
 .    �+H$ �'(+� ��
�+c 

           D+1��� K+C 	%5�+  )�C	�5 KO 	
 �5�/���  Fj/���   & �/���

�71            �+JV  6&�+'� & 
%+C t�2%+715 	
 t�+2     zq+O 	
 0	 )	0


  ]�8N.0� %   
0
 #�4/)  ���� .(        	
 �*�+12 ?+�%� >N�	 >1C ,0

   )0�L �:0           {��  ,0 )�C	�5 �11@� & d1Ve ?�%� �C {��  	
 t0


               K+C !�+" �+H$ �'(+� 	0-c  ?*�5 B9�C #�[H%O 	
 	0R8�
 KC

    #0R1  KC D1����/��   & �/��  �O0 T-� -I	
  .  �/-+V  ?�0R�0

              & 	0R+8�
 	
 MS+� �:0 	
 !�" �2
	%" M* KC ,0 ���/ #-�

   KC �*�12 ?�%� ?*�5            ?+�%� �+C {+��  	
 t0
 )0�+L �+79

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


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

���

a

a

a

c

b

b

b

c
c

0

20

40

60

80

100

120

140

  �(��
 �"* �
�   �(��
 ����	 �
�  �(��
 �
�

 (m
g/

kg
 )�

�++�
�

 ����	 ���� �� ����

 �� 

 ���� �� ����

!"�#

$%&'()

a

a
a

b

bb

0

20

40

60

80

100

120

  �(��
 �"* �
�   �(��
 ����	 �
�  �(��
 �
�

 (m
g/

kg
 )�

�++�
�

 ���� �� ����

 ��  ����	

 ���� �� ����

!"�#

 ".!`. 
0��	5 o�; 08� )R!�S 1�4�5 (".! ��2B� 0� 
	�

�	cG�� ABC
� �� 9	/ �G> 04)� a�(=� . p�0?

�	�; 
0� 0� �� A�	�� 0�O�
�� �2
�� ���� ���

P�	47
0��	5 J�� 	� qC� �� 	�` %��2!	�.

 ".!g. 
0��	5 o�; 08� )R!�S 1�4�5 (".! ��2B� 0� 
	�

	/ �G> 04)� a�(=�P��	� ABC
� �� 9�	�> . p�0?

�	�; 
0� 0� �� A�	�� 0�O�
�� �2
�� ���� ���

P�	47
0��	5 J�� 	� qC� �� 	�` %��2!	�.

                & !�+" K+C �*�+12 )�+��cC �42,�C t-9 R1/ & d1Ve �*�12

          MZ  ,0 ?��O�� �:0 	
 �H$ T
�  ,0 �JE 60	i ]�cN/0  � 0%9 >���


 >�0 	
 !�" �H$ �'(� ?*�5-JN(* )�C	�5 & .

KC           	
 #$ �1\�� & !�" 60	i )&	 �'(� M�<  a�W �79

             ��%4+C$ ]�+8N.0 & T
%C M5 	�1(C !�" 	
 �'(� !�<� F!�"

   !�" )�J�NO0 KC #$           �J1��+� �+1��� K+5 )-1O0 �H$ & �J� )�*

          �+O0 M+5 -+/	0
 �'(� �1\�� )0�C)��   & �j .(    �'(+� _&�+"

KC     �b  �� T-� ��0
�C #�*�12 K71O&      �[�
 ,0 t0
 `O%� T-� s

    �O0 !�" �'(� ?*�5 ��P
 .      	
 �H$ �'(� �N41C 	0-c   {+�� 

     KC a%" r�N\(/ �*�12 ?�%� �C   -+JL #�*�12 ?�%� 
%W& �79

        K+"�L K+A1N/ 	
 & !�+" K+C �*�12 )���cC #-� K��e0 & KH�O

 �++O0 )�C	�++5 >++�0 	
 �'(++� ]�++V� �N(++�,)��.( )�*-++J�0�� 

?��O��  KC R1/  0
�C �1H
     R�	 60	i �<1W�� ��    M+Z  � 0%9 ,0

    !�" �H$ �'(� ?*�5 	
     K+VH�q  
	%  )�* -JN(+*.  6�+VH�q 

      �+H$ �'(� )	0-��� & 	0-c  F60	i T,0-/0 ?*�5 �C K5 T
0
 #�4/

  �  ?�0R�0 !�"-C�� .         & �H$ 
0%  
��, 	0-c  
%W& � 0 >�0 �79

60	i T0�++8* k1/l&-++� )�*-1(++50R++�	 �++O0  . & �++H$ 
0%++ 

*-1(50                !�+" u	 ?+SC 	
 r��-+89 K+5 t%+1J1 %H$ & >+*$ )�

       -/	0
 �'(� �1\�� 	
 ��P�C �17C�3 -/	0
 
%W& .   T,0-/0 ?*�5 �C

       �  ?�0R�0 R1/ �/-V  �'(� �\(/ 	0-c  F60	i    #$ �79 K5 -C��

      �++O0 �++�R�	 60	i 	
 �N4++1C TU++�& zq++O)�� & ��.( 	


60
�O     -� T-*�4  �%� -/&	 R1/ 
�C$ .  �5 �'(� 	0-c   	
 !�+" 

   )�C	�5 &
        & a%" r�N\(/ �*�12 ?�%� �C {��    ?�%� �C {�� 

    D1��� KC d1Ve �*�12�j� & �j��71     
%+C t�2%+715 	
 t�2

 �79 K5 �JV  ME	      F�Z/$ >1C 6&�'� #
%\/ 	0
�/��   ?*�5 -I	
 

  #�4/  
0
)  ���� .(	0-c           R+1/ 	%5�+  )�C	�5 &
 	
 �H$ �'(� 

   D1��� KCj/���   & �/��� 71  �         �+:0 	
 K+5 
%C t�2%715 	
 t�2

     �*�+12 ?�%� D��S��/�� %     �+O0 K+N��� ?*�+5 .  ?��+O��

            t-+9 & w�'  )0�L �:0 	
 �*�12 ?�%� -�-� D��S� F!�"

              ,0 d1V+e ?+�%� �+C {��  	
 !�" KC �*�12 )���cC �42,�C

MZ           -JN(+* )�C	�+5 >�0 	
 �H$ �'(� ?*�5 �79 >��� .  ?+SC

T-89     	
 !�" �H$ �'(� ,0 )0     ?��+O�� & �+O0 �<q+O K+�P 

      
	0
 �++H$ �'(+� 	0-+c  �++C �ZW%+� �+C�3 �1:;++� �<q+O K+�P .

M*   �  #�4/ 6�VH�q  F>1JL      	
 �'(+� ,0 ��P�+C -+I	
 K5 -*


KC �*	0R'79 & {�0�  �O0 �H$ 6	%I)�(.

     t�� 	0-c  �C )�C	�5 f%/ �1:;�     	
 �'(� �H$ )�*���  )�+*

)� (  &)� ( �  T-*�4 
%� . ��� �\(/       r�N\(+/ F�+��\H �+H$ )�*

                  K+C #�[H%+O T,%+. �+�, 	
 �+H$ �5 �'(� KC ���\H �1E & ���\H

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


".! �� �/0� 1���2� 0� 304� 
�0$ � 
0��	5 0��67 08��� 9	/ 04)� 
	�...

���

  D1����/�  F�/��   & �/��      F	0R8�
 )�C	�5 	
 -I	
 �/�  F�/��

  &�/��          & d1V+e ?�%� �C {��  	
 -I	
 �/�  F�/��   & �/��

  �++O0 a%++" r�N\(++/ �*�++12 ?++�%� �++C {++�� 	
 -++I	
 . 	


60
�O �\(/ >�0 R1/ 
�C$* D1��� KC ��/� F�/�� & �/��  -+I	
 

       & d1Ve ?�%� �C {��  	
�/�  F�/��   & ��     �C {��  	
 -I	
 

    �O0 a%" r�N\(/ �*�12 ?�%� .   �\(/ >�0 K(��c  �C     M+* �+C �*

�         	
 �ZW%� �C�3 �11@� B9�C !�" #
, MS� K5 ����	
 #0%�

 �\(/ >�0 �O0 T-� �* .   K+C r��-+89 �+O0 >�8  �11@� >�0  �+1H


0R�0    KC -��C #-� �/-V  ?�      KC K5 ���\H �H$ ?SC 	
 TU�&  �+1H


           �\(/ & KN��2 	0�3 �1:;� �<� �N41C FK�RA� KC �N41C �1O�(.

   ,0 #$�/�   K+C a%" r�N\(/ ?�%� �C {��  	
 -I	
 �/�  -+I	
 

   �O0 T-1O	 	0R8�
 	
 .           ?+�%� ?*�+5 �+� s�+. ]�+.�* KC

       �JV  �1:;� 0�L �� MS� �:0 	
 �*�12    �C )	0
  ��� >�0 	0-c �*

 �O0 KN�0
 .         K5 -/
0
 #�4/ �ZC�4  KVH�q  	
 �18O0 & �7�	��

�45&          �+��\H r�N\(+/ �'(� 	0-c  	
 �4.�� 60�11@� B9�C 	�5

   �  t&�c  r�N\(/ &
%�.         	0-+c  	
 �ZW%� �C�3 �11@� #�cc<  >�0 

 t�� �\(/      T-*�4+  )�C	�+5 �+11@� �:0 	
 �H$ �'(� d7NS  )�*

-/
��/ .\(/    !�" 	
 �Z/$ K5 �NKC ��C )�*   � �+� -+/
	&$ �O


j       F�+��\H �H$ �'(� -I	
 ��        F�+��\H r�N\(+/ -+I	
 ��   -+I	
 

  & t&�c  r�N\(/�� %   0 K5 
%C t&�c  �\(/ >�     F!�" MS� �:0 	
 �*

11@�� ��0-/ �/0-JL .        �11@� )�C	�5 �11@� �:0 	
 ���\H �H$ ?SC

       N8(3 ��-\� �:0 	
 0��, 
	0-/ �ZW%� �C�3   t�+� ,0 �    r�N\(+/ )�+*

         r�\��c� #$ 	0-c  F���\H �H$ KC t&�c  r�N\(/ & ���\H   �+  �C�:   -+/� 

               �+H$ �'(+� 	0-+c  -+��C -�-� #-� �/-V  K5 �q�0�� 	
 � 0

 -C�� ?*�5 �O0 >�8  ���\H)��.(

  ��� 	0-c  K(��c      �+JV  6&�'� F�'(� �/-V  )�*  0	 )	0


 )�C	�5 >1C       t�� �g7E 	
 d7NS  )�*     
0
 #�4+/ �+��\H �/-V .

       �*�+12 ?+�%� �C {��  )�C	�5 KO 	
 ���\H �/-V  �'(� 	0-c 

      #�[H%O 	
 	0R8�
 & d1Ve �*�12 ?�%� �C {��  Fa%" r�N\(/

   D1��� KC�/��  F�/��   & �/��  �+71           K+5 
%+C t�2%+715 	
 t�+2

�JV  6&�'� ]�8N.0 zqO 	
 0	 )	0
� % 
0
 #�4/)���j.(

   '(� #
%C �N85 �79    �+  0	 	0R+8�
 	
 �+��\H �/-V  �   K+C #0%+�

          ]�+O �+Q ]%b<  ��0
�C & #�*�12 `O%� �'(� a�W  )�+*

                �'(+� ,0 t�+� >+�0 ,0 !�+" K17S� B9�C K5 
0
 �\(/ )
�8N 

 �O0 T-� .   #�8* F>�0 �C T&h9        �/-+V  �'(+� -+� �5i K5 	%Q

              F>�0�C�+JC �+O0 T-+� a�W R�	 60	i �%qO )&	 �\H�E ���\H

   K+5 !�" ?��O��             !�+" ,0 60	i >+�0 _&�+" B+9�C r��-+89 

�            )�C	�5 &
 	
 ���\H �/-V  �'(� ?*�5 	
 �8Z  � �9 
%�

�O0 d1Ve �*�12 ?�%� �C {��  & 	0R8�
 .?*&U� 	
 )�+*

          T-� �	0R2 �ZC�4  ��
�c  R1/ >1cc<  �[�
 `O%� T-� t�A/0

�O0 .           �+��\H �/-+V  �'(� 	0-c  #�[H%O T,%. ��, 	
 )-1VO

) O
 �C�3u�N (  )�C	�5 	
 0	   	0R8�
 )�*)    �N71+O � %+H !�"( F

  	0R8�
)   �O	 �N71O � %H !�" (     T-� �*	 M�
 &) �N71O � %H (

 D++1��� K++C�� F�/�� & �/���++71   �	0R++2 t�2%++715 	
 t�++2


%8/)� .(          0	 ���\H �'(� 	0-c  �79 K84L KcqJ  	
 
�� �'O%�

          KC a%" {��  & T-� D��S� {��  FM�
 )�C	�5 KO 	
   D+1��� 

��  F��   & �j �71  t�2     
�5 �	0R2 t�2%715 	
)� .(   R+1/ )
R�0

           	0R8�
 )�C	�5 	
 0	 u�NO
 �C�3 �'(� 	0-c  �/�*%5 	
) K5

��4++5 6�++1789 ]�++O  
%++C T-++� t�++A/0 #$ 	
 	�++5& (�/��

�71 
%8/ �	0R2 t�2%715 	
 t�2)� .(

 60
�O 	
      )�C	�+5 &
 	
 �+��\H �/-V  �'(� 	0-c  
�C$  {+��

             K+C d1Ve �*�12 ?�%� �C {��  & a%" r�N\(/ �*�12 ?�%� �C

 D++1����/�j & �/���++71    6&�++'� K++5 
%++C t�2%++715 	
 t�++2

�JV      
0-/ #�4/ 0	 )	0
)���� .( �+         #
%+C �N4+1C �+79 #0%+�

            KcqJ  >�0 	
 d1Ve �*�12 ?�%� �C {��  	
 ���\H �/-V  �'(�

        K5 
0
 �\(/ D1� )&	 #$ �1V3%  KC 0	     >1��+� f�+'�	0 	
   )�+�

              �+O0 K+N��2 	0�+3 a%+" r�N\(/ �*�12 ?�%� �C {��  KC �\(/ .

            D1+� ,0 �'(+� ��		-+* K5 -/
�5 #0%J9 �/&	 & k8O0  )�+*

    �  �e0	0 ,0 �'�
	 ��P�C KC -/0%�  D1� 	
 {30& !�" K71O&  )�+*

 

�2 ����	
 �J1���] ,0 �c/� .[M*>�0 	
 u	 �N41C 	0-c  >1JL

  )�C	�5)�/��     �C�c  	
 -I	
 �/��        ?+�%� �+C {+��  	
 -I	
 

  a%" r�N\(/ �*�12 (         K+C u�N+O
 �+C�3 �'(� �N85 a�W &  �+79

     �N85 �*�12 ?�%� 
%W&)�     �C�c  	
 -I	
 ��    {��  	
 -I	
 

�%� �C+N\(/ �*�12 ?+" r�+a% (8N.0 ��P
 �[�
 ,0+?�0R�0 �H�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


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

���

a

a

b

a

c

a

0

50

100

150

200

250

300

350

400

  �(��
 ����	 �	
��  �(��
 �	
��

 (m
g/

kg
 )  �

��
�

 ���� �� ����

 ��  ����	

 ���� �� ����

!"�#

$%&'()

 ".!-. 
0��	5 o�; 08� )R!�S 1�4�5 ( ��2B� 0�".!�	cG�� ABC
� �� 9	/ �;2�� 04)� a�(=� 
	� .

�	�; 
0� 0� �� A�	�� p�0?�
�� �2
��
0��	5 J�� P�	47 ����; ��� qC� �� 	�` %��2!	�.

a

a

a

a

0

50

100

150

200

250

  �(��
 ����	 �	
��  �(��
 �	
��

 (m
g/

kg
 )  �

��
�

 ���� �� ����

 ��  ����	

 ���� �� ����

!"�#

 ".!,. 
0��	5 o�; 08� )R!�S 1�4�5 (".! ��2B� 0� ABC
� �� 9	/ �;2�� 04)� a�(=� 
	�

P��	��	�> .�	�; 
0� 0� �� A�	�� p�0?�
�� �2
��
0��	5 J�� P�	47 ����; ��� qC� �� 	�` %��2!	�.

   	
 d1V++e �*�++12 ?++�%� �++C {++��  	
 �++��\H �/-++V  �'(++�

60
�O �O0 
�C$ .   ��� KC KW%� �C  )�*j   & �  �  T-*�4  F  K5 
%�

               �+JV  �+��\H r�N\(+/ �/-+V  �'(+� 	0-+c  �C )�C	�5 f%/ �1:;� 	0


�(1/ .  �  � 0 >�0 KC -/0%�
            �+:0 	
 �+H$ �'(+� #-+� �/-+V  �1H

              -+��C !�+" MS+� �� 0�L �:0 	
 �*�12 ?�%� s�. �� ?*�5 .

  KC )�C	�5 �11@�           �+11@� F�*�+12 ?�%� 	0-c  & f%/ 	
 �11@� �79

               F�+C&��1  �+1H�V� �+C �1:;+� F!�+" ��� 
 & �NC%Q	 �1��� 	


             )&	 r��-89 F�H$ 
0%  ,0 �JE R�	 60	i �8. & ?��O�� ?�0R�0

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


".! �� �/0� 1���2� 0� 304� 
�0$ � 
0��	5 0��67 08��� 9	/ 04)� 
	�...

���

���* �O0 �:n  �'(� �H$ )�)��(.

AL�(;
0�Q

       & �+V��  �+e0	0 )�C	�+5 �+11@� K+5 
0
 #�4/ ?*&U� >�0 ���N/

   KC �*�12 ?�%� D��S�       60�+11@� 
�A�0 B9�C w�'  )0�L �79

   ��� 	0-c  	
 �4.���  �'(� �H$ )�*
%� .  K+C r��-89 �1:;� >�0

  �O0 ��� &
 .       /0 & !�" �<qO K�P ?��O�� ?�0R�0 F]&0  ]�+cN

   ��� ,0 �JE 60	i             ?�0R+�0 �+C Ft&
 & �+H$ �'(+� d+7NS  )�*

      C & MS� ,0 ���/ #-� �/-V   K  !�" �2
	%" M* .  	0-c  ?*�5

     ,0 �5 �H$ �'(����   KC ��� �71     ]�+O T
 �:0 	
 t�2%715 	
 t�2

�45               -�-+� ?*�+5 ,0 �5�+. #�[H%+O 	
 M+�
 �e0	0 	
 	�5&

       C �AJ  r�N��Z/ K5 �O0 !�" �'(� ���"i  �I�. ?*�5 K   & )R+1"

   �  !�" )	&	�C 6	-3
%� .       �+��\H r�N\(/ �H$ �'(� ���"i ?*�5

    ���\H �1E &)      t&�c  & t&�c  r�N\(/ �H$ �'(� f%8A  (  ?*�5 B9�C

              & T-+� 6-+ ,0	
 	
 T�12 )0�C T
�'NO0 �C�3 �'(� Ke�9 �17C�3

        !�+" 	
 �*�+12 ?�%� 	0-c  KA1N/ 	
     K+C �+V��  )�+*  6-+�

 �  ?*�5-C�� .          ?*�+5 KC �AJ  T-J�$ 	
 {�0�  D��S� -/&	 K 0
0

   �  {�0�  -1H%� �1(/�N�
%� .         �+11@� ,0 �+��/ 60	�(" KC KW%� �C

   �C )0�L & )�C	�5            �+�C {+�0�  >N+�	 >1C ,0 B9�C r�N��Z/ K5 K�&	

�   M* & 
%� #��, >1JL       t,P F!�" ?��O�� ,0 ���/ #0&0�� )�Z�

        ,0 	0-+��� T
�'NO0 )0�C K5 �O0          T-/%+� -+�-A� �+�
 {C�+J  >+�0

K �/�C
�12 6	%I { �W )R�	 .

��	
�������	4(��

�. t F>1C$	i$ .���� .             !�+" ���181+� ���R1� 6�1I%b" �"�C ,0 T
�'NO0 �C �e0	0 D��S� KW	
 >11V�       �+/�*%5 K+cqJ  	
 �+*

)
�[7L ()	�1NSC & ]�< 	�ZL #�NO0 .#����!�" -�	0 �O�J�	�5 K �//0
 F�O�J�#�Z'I0 �NVJI T�[4/0
 F),	&�45 T-�4 .

�. 	 F)
R�0 .���� .               !�+" ���181+� �+��R1� 6�1I%b+" �"�C ,0 T
�'NO0 �C �e0	0 D��S� KW	
 >11V�    �+/�*%5 K+cqJ  	
 �+*

)
�[7L ()	�1NSC & ]�< 	�ZL #�NO0.#����!�" -�	0 �O�J�	�5 K �/#�Z'I0 �NVJI T�[4/0
 F),	&�45 T-�4/0
 F�O�J�.

�.F)�'VW 0  .���� .                       & #�Z'+I0 pQ�+J  �+e0	0 ,0 d�
	 	�ZL 	
 T�12 -�	 �C #$ w�\�	0 & !�" �'(� a�W & ),�O�*	 k1NJ1O

)	�1NSC & ]�< 	�ZL .#����!�" -�	0 �O�J�	�5 K �/#�Z'I0 �NVJI T�[4/0
 F),	&�45 T-�4/0
 F�O�J�.

�. w F)-1VO .���� .   b" �"�C ,0 T
�'NO0 �C �e0	0 D��S� KW	
 >11V�  !�+" ���181+� ���R1� 6�1I%    �+/�*%5 K+cqJ  	
 �+*

)
�[7L ()	�1NSC & ]�< 	�ZL #�NO0 .#����!�" -�	0 �O�J�	�5 K �/#�Z'I0 �NVJI T�[4/0
 F),	&�45 T-�4/0
 F�O�J�.

�.�'O%� t F
�� .���� . �"�� �O	�C      )�C�5 	
 a%O	 & !�" �1'15 )�* K84L KcqJ  	
 6&�'N  )�*  �+5 R+1SC$ T,%. �79 #&	

�H�8�.#���� !�" -�	0 �O�J�	�5 K �/#�Z'I0 �NVJI T�[4/0
 F),	&�45 T-�4/0
 F�O�J�.

6. Adams, J. A. and T. W. Walker. 1958. Phosphorus. PP. 403-430. In: Page, A. L. (Ed.), Methods of Soil Analysis. 
2nd ed. Agronomy series No.9, part 2, American Society of Agronomy, Madison, WI.

7. Agbenin, J. D. and H. Tiessen. 1995. Phosphorus forms in particle size fractions of a toposequence from northeast 
Brazil. Soil Sci. Soc. Am. J. 59: 1687-1693.

8. Bowman, R. A. 1989. A sequential extraction procedure with concentrated sulfuric acid and dilute base for soil 
organic phosphorus. Soil Sci. Soc. Am. J. 53: 362-366.

9. Bowman, R. A. and C. V. Cole. 1978. An exploratory method for fractionation of organic phosphorus from 
grassland soils. Soil Sci. 125: 95-101.

10. Haan, C. T., B. J. Barfield and J. C. Hayes.1994. Design, hydrology and sedimentology for small catchments. 
Academic Press, New York.

11. Hesketh, N. and P. C. Brookes. 2000. Development of an indicator for risk of phosphorus leaching. J. Environ. 
Qual. 29: 105-110. 

12. Magid, J., H. Tiessen and L. M. Condron. 1996. Dynamics of organic phosphorus in soils under natural and 
agricultural soils. PP: 429-466. In: Piccolo, A. (Ed.), humic substances in terrestrial ecosystems. Elsevier. 
Amsterdam, The Netherlands.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html


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

���

13. Matson, P. A., W. J. Parton, A. G. Power and M. J. Swift. 1997. Agricultural intensification and ecosystem 
properties. Science 277: 504-509.

14. Murphy, J. and L. P. Riley. 1962. Phosphorus. PP. 403-430. In: Page, A. L. (Ed.), Methods of Soil Analysis. 2nd

Ed., Agronomy series No.9, part 2, American Society of Agronomy, Madison, WI.
15. Olsen, S. R., C. V. Cole, F. S. Watanabe and L. A. Dean. 1954. Estimation of available Phosphorus in soils by 

extraction with sodium bicarbonate. USDA Circ. 939. U.S. Government Printing Office, Washington DC.
16. Sharpley, A. N. and S. J. Smith. 1985. Fractionation of inorganic and organic phosphorus in virgin and cultivated 

soils. Soil Sci. Soc. Am. J. 49: 127-130.
17. Simard, R. R., S. Beauchemin and P. M. Haygarth. 2000. Potential for preferential pathways of phosphorus 

transport. J. Environ. Qual. 29: 97-105.
18. Solomon, D. and J. Lehman. 2000. Loss of phosphorus from soil in semiarid northern Tanzania as a result of 

cropping: Evidence from Sequential extraction and 31P NMR spectroscopy. Eur. J. Soil Sci.51: 699-708.
19. Solomon, D., J. Lehman, T. Momo, F. Fritzsche and W. Zech. 2002. Phosphorus forms and dynamics as 

influenced by land use changes in the sub- humid Ethiopian highlands. Geoderma 105: 21-48.
20. Sounders, W. M. H. and E. G. Williams. 1955. Phosphorus. PP. 403-430. In: Page, A. L. (Ed.), Methods of Soil 

Analysis. 2nd ed., Agronomy series No.9, part 2, American Society of Agronomy, Madison, WI.
21. Stevenson, F. J. and M. A. Cole. 1999. Cycles of Soils. John Wiley & Sons Pub., UK.
22. Tiessen, H., J. W. Stewart and J. D. Moir. 1983. Changes in organic and inorganic phosphorus composition of two 

grassland soils and their particle size fractions during 60- 90 years of cultivation. J. Soil. Sci. 34:815-823.
23. Turrion, M. B., B. Glaser, D. Solomon, A. Ni and W. Zech. 2000. Effect of deforestation on phosphorus pools in 

mountain soils of the Allay Range, Khyrgyzia. Biol. Fertil. Soils 31: 134-142.
24. Walky, A. and I. A. Black. 1934. An examination of digestion method for determining soil organic matter and a 

proposed modification of the chromic acid titration methods. Soil Sci. 37: 29-38.
25. Whitehead, D. C. 2000. Nutrient Elements in Grasslands: Soil- Plant- Animal Relationships. CAB Pub.,  UK.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

46
.4

5.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

7-
01

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.46.45.4
https://jstnar.iut.ac.ir/article-1-1146-en.html
http://www.tcpdf.org

