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�3��;�) �� `� �3 �! _���! �2�C �
�� ��'9� 1	 G�$� 6�� 12

'�!�< 1W��&�  '/  !��� �
�� �� �'��! G�$� 12.

 !�-� ��-;�) :�
�-� ��;�) �! �
�� "�����2 '��! 1W��&� ���2

 12 �
�� ��;�)  �(= o-2�� �� 4-�)�) 12 �(=  !��  U0��-) Z

'/  !�
���.

[(PP-PC)/300]× 100        ]�[

[(POM-PC)/120]× 100      ]�[

[(POM+P-POM)/300]× 100  ]Z[

PP:��;�) �! _���! �2�C �
�� ��'9�Z[[�
�� >�<$��� �2 >�< ���� 

PC:) �! _���! �2�C �
�� ��'9��'3�/ ��; 

POM : ) �! _���! �2�C �
�� ��'9��=  !�� ��;(�

POM+P :) �! _���! �2�C �
�� ��'9��2 �
�� ��; 1(=  !��  U0�

 !�
�-�� �-2 .= �B'F� ���8� �� `� �3 �! �
�� +����� '��!

 '/ 1W��&� 12�K� o2�� ��)21��'-9� _���! �2�C �
�� ��8

'/  !�! ���C o2�� �! ��8� �� `� �3 �! �
�� .( 

<  ��'B� �
�� ��'9����$-� �!  '/ -��! !� !�
�-�� !�$-� 

�2��2�/�! G��W0 12 !$2 '��! ��L!$-	 �� 1-	 ��
�-� ��'9�

 ��  !��� ��� 12 ��< �2��2 '/����-��� >�<$-��	 �-2 >�-< 

!$2 .

 !�! b��!�--7 ���--2 >�--B �� �--3��!$;B �--��  �--3 ��--3�����

Mstatc Excel 6�LB��� 1���9� ���2 1,��! ',s .$��= �� �3 ��

6�B�!'/  !�
��� .

j<� � bK	(? 

 ��'B� G�%�K� ���2 ���  '/ ���< !�$-� ��-< !$-	  �3

 �! 4�)�) 12  !�
���#'8 ��3��"-��  '-/  !�! .�K-B .

��� `3= ��'9� 6�2 �3i/Z�-) Z/al�-� �-��n) '-��!  !�-	

��� 'B!$2 G�
�� "��2 ����! �3.

� +����� 48$� �(=  !�� '��! `� .!����,F �2�C �
�� ��!

 ��� 1;3 �! _���! '/ �3)#'8 �.(�! +���-�� 6-�� 6�LB�-��

 �� +����=  �! #$c��/��12��/������ �
�-� >�<$-��	 �2 >�<

!$2 .#!�-F� �-W��9) ��-< !$-	 '��! `� .!��� �L�! G��W0 12 

�� ����3 �! 6) )I;0 �)����B�� �-�� (j-0�2 6�LB�-�� �$-c 1-2 


�--� +���--�� ��'--9� 1--2 _��--�! �--2�C ����--��� >�--< �--2 
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��a 

��BO^.�VPK� �4/� ��	5(�& ���� ��&� ��� 	� 

EC (dSm-1)
(1:5) 

PH 
(1:5) 

OC(%) ���	�� '��! P(%) 

�/le/ll/��l/ee�/�

��BO+.��o?	�3	4 ]/(�� T�	\ /5)� �&BF� ;	�)mg kg-1 (/� ��K2 �& p�CK	��. ���� ��� �� �	� 

���i���l���u���a���e���Z��������

Z/ei�/ee/e]/a�/�l/��/ZZ/]'3�/ ��;�) 

Z/��[ �/aei/a[a]i/al�/eai/eia]�(=  !�� ��;�) 

l/�[[ e/�[i �/l�]/�[l e/�el u/�ue ]/��i �/�Zl �
�� ��;�) 

Z/�ua �/�Ze �/��] �/�]e u/�eZ Z/��i �/�el u/��Z ��;�)2 �
�� 1�(=  !��  U0 

'/ >�<$��	 .��� �! +����� 6�� ��'9� ��-3 �-2 5-���� ��3

 �<f� �� `� �3 ��� ��3 "/�'B �L��2 ..�K-B #'-8 6-��

 �-2�C +���-�� �!  !�
�-�� !�$� ��< !$	 �?�2 ���B��7  ',3!

 +��-��=  �! .�-��7 �) _���! �2�C �
�� ��'9� 1A�U�)���

�� (��'/�2.

�-2 �-(=  !�-�  �
�-� ��;�) ! �3 �! �
�� "�����2 '��!

 .��� �2 �
�� "�����2 '��! G����n) 1�W(� !�	 �'�7 +3�	 .���

 ���! !$	 ��  !�
��� �!)�(= EW,� (�
�-� ��-;�) �� �-�;	 ����2

)�B'F� EW,� (!$2)��/ �.('-��! G��-��n) �-L�! G��W0 12

EW,� ��  !�
��� �! �
�� "�����2 �B'-F� E-W,� �2 1���9� �! �(=

 !$2 .��� E2�) ��;	 .�� ?�;��� ��  '/ !��= �
�� 1	 "
< .�$)

 _��-�! �-2�C G�$-� 12  ��< ���2 ���K�2 G'� 12 �(= EW,�

 �� �C�2 'B�� .�;(  ���$W()��(!�2��-	 �! 1-	 '-B!�! .�KB

 �;B ���n) .��� �2 �
�� �;3��� �B�$�� ��3!$	 '-,	)#$-c �!

].'�B�2�$�  �� .(����;�-/ ��-3!$	 ��  !�
��� �! 1	 �(�� �!

 !�	 �'�7 +3�	 .��� �2 �
�� �;3��� .#$-c �! 6-�� �-2 .���

 E-W,� �� ��K-�2 �-(= E-W,� �� �3��-� �
�-� ��'9� +����=  �!

!$2 �B'F� .

�
�-� ��  !�
�-�� �! �
�-� "�����2 '��! : �! ��'�2� �!

 = EW,� �� �)?�2 �B'F� !$2 �()��/�("�(U� �� �/�B 6�� 1	

�� �B'F� EW,� �?�2 !�$-� �! !$-8$� �
�-� 1	 �(�� �! '/�2

 �-� !��= ��-� �! Y��'-) 12 �(= !$-/ .+3�-	 �)!�-�� 4�-/

 G�-F(�\� �-��2 �! �-(= E2�-,� 12 "W�B �B'F� �
�� �;3���

 "��  '/ b���<)��.(��  !�
�-�� �! �
�-� "-�����2 '-��!

 �B'F� EW,� !�-	 �'-�7 +3�	 ��� �! "0�� 12 .�! �-2�9� �!

 !$-2 �-	 ����2 G����n) 6�� �(= EW,� ��  !�
��� . �! .�-��7 �!

 +����=)�a[ �� (�� ��;	 �B'F� EW,� �� �
�� "�����2 '��!

 !$-2 �(= EW,� . ��'-B� 6�-(� �! �-(= !$-	 ��  !�
�-�� �! ��-�<

)��� (126�LB��� �$ci/e�'��! 	 �
�� ��� �! �(=  !�� �

 ��%0 �2�C  �! .�-��7 �! 1-	 !$2 ���<)�a[�� (1-2i/ZZ

'��� '��! .+3f7 ���2 6���-�B �! 1-	 "��  !�! .�KB �3

 �� �
�-� �!�-�� ��'-9� �(= !�$�  �3��< ����92 1��J) 1����

 �-� !��= ��� �! G�W�	�) 6�� !$-/)�l.(`��,�-� 1-F(�\� �!

!��= �� �! �
�� ����� !�-	 "����! ���! !$	 1	 �����C ��3

 .�����  6�B�3 'B!$2)�a(`-� �-7 �! 1	 'B!�! .�KB ��-�

+,	� 1�(� E��� ��3i[G'-� �! #$-�&� �
�-� '��! �e

!��= .= �7 �!   '/ !��= ��� �! "0�� ��-� 1-2 �
�-� ����

�� ',	 #$�&� !!�< .

.��� �! �! �2 �(=  !�� ��OP) G�
�� ��3 �
�-� "�����2 '�

 �,F� rU��� ����! !$2 ��! .6�-2 1�-��� �!a�-) u[6-�� �� 
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y = -0.059 x + 44.57
R2 = 0.75
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T6 ^.)� J�	K�	� BI�� /��q2 ;�o?	�� /5)� 	��	��2 �� �	�� 	� /5)P(D� /5)� ��%. ��	� ��8�)P+OM(

�� �
�-� "-�����2 '��! 6�LB��� �$c 12  !$2 �)!��� ��OP)�i

!�! +����� '��! ..�-�� �! ��OP-) 6�� ��-3][�a[1-2 �� 

12 4�)�)i/al/�[!�	 �'�7 +3�	 '��! )��/�.(

!��� �(=  !�� G�
�� ��OP) �� ��� 12  '/  �-�(! 12 'B�$)

 12 .��� #$c �! .= 1��J) ���B�<������ 1��� '/�2 �3 .6-�� ��

 4�	�) 1��J) 'B� ����2 "�8 �-� ��-� �! �-(= ��3 '-B�$)

 '/�2 ',�!$� .1��-� 1-2 .= 1-��J) ��� 12 �(=  !�� .!��� �2

���B�<������ �� ��V= �@�B�  62�	 EW,� .�$,0 12 �3 !!�< .�!

4�	�) :1��J) 1���� 6����B  �3'-,C '-,B�� #$-�&� �(= ��3

 �-� +���-�� ��-� #$-�&� �! �-(= ��3'��� '-2��)Z�.(6-��

4�	�) �� �3 12 �
�� �;3��� +����� �! ',B�$) �,��L��-8 1���

 .$� �2 �B$�B= �-�� �� G�
�-�$)�� ��3 .!�-J�� :RS-8 ��-3

 = ��3'��	�  ',,	 RS8 m$\� �� �2 +/$7 >$�,��$(=  63

 G�,2�	 .$� �2 h��X;	 !�J�� :�3 ����	  >$�,��$(= :63= ��3

 ',/�2 �O$� .m$\-� �� RS-8 �2 �(= ��3'��� �L�! r�c ��

 E-�!   '-/ G��T �-
,� ��-2 ��'9� +����� j0�2  ',,	 RS8

 �� +����� �� �B$�B= '-,3!)�l.(6-�� '-�($) .�-�� "-/S< �-2

4�	�) � 1��J) �O� �! �3 �-�B= 1��J)   !�	 �'�7 +3�	 1�(�  !� 
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T6 +.gNO �� /5)� �&BF� /��q2 ;�o?	��NaCl-NaOH /5)� 	��	��2 �� �	�� 	� )P(� /5)� >D�%. ��	� ��8�)P+OM ( �

�%. ��	�)OM(

�� +����� '2�� .�� 6���2�,2 �-�� �c �(=  !�� ��O�) +3�	 .�$) .

"/�! ��A�B� �
�� �;3��� �2 �� .

�-,F� +����� 48$� �(=  !�� '��! `� .!��� �
�-� ��!

 |�8 �!NaCl-NaOH ��� 1;3 �! '/ �3)��-/ Z.(�'-��!

 � �! 1	  '/  !��� �
�� �� ��-;�) �! "-�� 1���< ���C |�8 6�

 !$2 �
�� ��;�) �� ��K�2 ����2 �(=  !�� .+3f-7 ���2 �-�B �-3

 �� .�KB ��'-9� +���-�� j0�2 ��� 12 �(=  !�� .!��� 1	 '3!

��/ �-� ��-� �! �
�� �3��� ��3 !$-/)�[.(+���-�� 1-�W(�

 �L��2 ��B= �
�� ��'9� 12 �(= !�$� ��  !�
��� �! �
�� �;3��� 

1B$< 12 !��! �-(= ����92 .!��� 1	 ��)�-��!  �3�-�< (����!

 �� +�2Z/[+���-��  �
�-� RS8 +3�	 j0�2 �
�� '��! 

�� .= �;3��� 'B$/ .4�	�) :�2�9� �! �� �-�;	 ����! �-(= ��3

Z/[) ����! �
�� '��! P!$2 ',3�$� h�0 ��O .RS-8 "���k

 �! �(= ����92 �2���� 1��J) �2 ��� �
���� ���n) ��� '-,	

 .= w$-B  �-(= !�$-� ��'-9� 1-2 ���n) 6�� �LB$Ls  ��'9� 1	

!��! �L��2)Zi.(+3f7 �� �L�! ���2 1,��� 6�� �! .�K-B �3

��  '/ d������ ���! ��3!$	 �� 1	 �($�&� �(= !�$� 1	 ',3!

 ��  !�
�-�� 1-	 �(�-� �! ',�/�'B �
�� RS8 �2 ���OP) :'B!$2

 �2 �W� ��3!$	 12 �
�� RS8 +3�	 +����� j0�2 ��� 1���

 '�!�< �
�� �;3���)�i.(��'-9�  �-(= G�W�	�) w$B 6���2�,2

 �� ��B= �
�� '/�2 �O�� ��� �! �
�� �;3��� �2 'B�$) .6-�� �!

 ��?�-2 ���-B��7 �� I-�9&) 6�� �!  '/  !�
��� ��< !$	 1,���

!$2 ��!�$��2 _���! �2�C �
�� 6��P) "�8.

�-,F� +3�-	 j-0�2 �
�-�  ��;3 12 �(=  !�� ��  !�
��� ��!

 |�-8 �! �
�� "�����2 '��!NaCl-NaOH .�-�� �! ��-3a

�a[ '�!�< �� )��/Z.(.��� �!Z[�,F� rU��� �� ���!

 12 �
��  �
�� ��3��;�) 6�2 12 �(=  !��  U0 '-���B "-�! .��

�� "�8 6�� =  !�-� 1-��J) �$-L(� 12 .�$) �-2 .= ��OP-)  �-(

!$;B 18$) �
�� �;3��� +����� .

�-� .�KB Y���B ����-C�2 �-2 �?�-;��� �-(= 62�-	 1-	 '-,3!

h��X;	 ��OP) ��� #$�&� ��� 12 �� .= ���� !��= :�
�� �2 ���3

 �� ���C '3! .|�8 �! �
�� ��'9� +�����CBD �� 6�� '��� 'B�$)

 '/�2 4�\� .h��X;	 ���K) �-�� �(= ��3�)Organic-metal ( �-2

 h��X-;	 1�;8 �� �
�� �! ���-�	  >$-�,�$(= :6-3= �-(= ��-3

 ��7��-/  .$�-,�2�� o-�$) �B�$-�� ��3!$	 ��  !�
���)Ze(

`���  ��7��/)Zu("��  '/ b���< ��B .

6-3= ��3'��	� �2 {�W)�� �! �
�� '��!)|�-8CBD ( �!

 ��� 1;3 �! �(=  !�� ��;�) �� ��;	 �3!$2 �
�� ��;�) .6�LB�-��

 ���2 .=i�! +����= !�$� ��� ��/e"��  '/  !�! .�KB .

�
�-� RS8 �� >$�,��$(=  63= �2 �(= G�W�	�) .'/ h��X;	 
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T6 d.gNO �� /5)� �&BF� /��q2 ;�o?	�� CBD /5)� 	��	��2 �� �	�� 	�)P(D� /5)� >��	� ��8� �%.)P+OM ( �%. ��	� �)OM(

�-� "-FB�;� �-��,0 6-�� ��3'��-	� m$\-� �� '-,	)�i.(

�� 6���2�,2 ��  '-/ !��= �
�-� RS8 �� �(= !�$� 1	 "
< .�$)

 >$--�,�$(=  6--3= ��3'��--	� m$\--� �� �--2 G�--W�	�) 6--��

 �� �2 �(= G�W�	�) 1\�� �2 �
�� RS8 ��   !�	 ���<$�8

 1B$< 12 m$\� 6�� ���-WC 1-���� �! �-���� 12 1	 "��  !$2 

)|�8NaCl-NaOH( ��%0  '/ ���< 'B� .1-A�U� �-2�C G�
)

 |�8 �! �
�� ��'9�NaCl-NaOH 1-2 "W�-B �-(=  !�� ��;�) �! 

2 �
��  �
�� ��3��;�)1�-(=  !�-�  U-0)��-/Z(�?�-;���

�� '/�2 4�\� 6�� ���$< 'B�$).

|�8 �! �
�� +����� '��!CBD 1-2 �
�� ��;�) �!  U-0

 !$-2 �y	�'-� �-(=  !�-�  �
�-� ��-3��;�) 1-2 "W�B �(=  !�� 

)��/e.(

+3f7 ���2 �-� .�K-B �3 �-2 {�-W)�� �! �
�-� 1-	 '-,3!

 "-�� 1��-2� �-(= �
��  _� ��'9� �2 63= ��3'��	�)Z].(

�3 6�� �� .�KB �L��2 �-2 d����-�� �-2�C �
�-� 1	 '3!CBD 

�� �! 'B�$) ��3'-B$�7  �(= 62�	 �2 ����X;	 ��3'B$�7 ���

 '-/�2 1�/�! _� G��T �2 ���� .6-3= ��3'��-	� � 6-�� ��

 ��� �! Q$%�2 �
�� RS8 �! ����� +9B ��'-9� �-2 ��3

 �� ���2 �(= 62�	 !��� ',,	 .!�$-� .�-�� �c�W)�� 6�,s b��S7

 �� 4W� _�  63= ��3'��	� :�(= �-(=  !�-� .!��� 1	 !$/

 12�! 6-3= ��3'��-	� +9B '�'K) j0�2 ��� 12 �
��  ��;3

 |�8 �! .= +����� 1J��B �!  �
�� RS8CBD !$-/ .{�-W)��

 �B�-	 q\-�  >$-�,�$(= :�-(= !�$-� 6�2 '�-�� G�$-� 1-2 �-3

`��$�3^>$�,�$(=^�'-�'8 m$\-� '�($) 12 �J,� ���	�'�3

 �� �
�� RS8 ���2 !$/)�[.(�-(=  !�-� +���-�� 6���2�,2 1-2 

�� ��� RS-8 m$\-� �� ��  '/  !��� �
�� RS8 'B�$)

'3! +�����  ',,	 .

12 ���� �(= G�W�	�) ���K) h��X;	  f� 6-3= �-(= ��-3

 ��3'��-	� �2 �
�� R$�� ��   '/ �
�� RS8 +����� j0�2

 �� ���<$�8 ���� �
�-� �-;3��� +���-�� .= 1-J��B 1-	 '-,	

"�� .G�
�� ���K) �L�! �$� �� 6-�� ���K-) �2 ����	 ��3

h��X;	 �� +3�	 �3 '2��)�e�i.(4�	�) �2 ���� ��3 ��/

h��X;	 �! ��� �
�� RS8 �! �;�� +9B G���� �(= ��3

��� '-B��! �-�3= ��3 .h��X-;	 6-�� G�-W�	�)  �-(= ��-3

 �� ���<$�8 ����	 G�
�� R$�� �� ���� r�$�= ',,	 .1-�W(�

 h��X;	 6�� +9B -(= ��-3 !�-J��  �
�-� RS-8 �! ��-�� �

g�K-� U��-	 ����	 G�
�� G�2$�� ���K) ���2 ";����

"��B .h��X;	 �?�;��� ��� #$�&� �� �� �
�� ���� �(= ��3

 �-(= 62�-	  �
�-� 6�2 �B$�)�	 �7 `� ���K)   !�	 RS8

�� �-� d��-� ��� #$�&� �� �� .= 6���2�,2  '3! '-,,	)�Z.(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
9.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
6-

06
 ]

 

                             8 / 12

https://dorl.net/dor/20.1001.1.24763594.1385.10.4.9.0
https://jstnar.iut.ac.ir/article-1-610-en.html


�%. ��	� /�012 3	4 �� /5)� ���&/� /� �6�. 	� 

��] 

d d

j

b c

e

a a

f

0
5

10
15
20
25
30
35
40
45

سفر
شف

زاي
داف

رص
د

5 30 150

(روز) زمان

P P+OM OM

 
T6 -.gNO �� /5)� �&BF� /��q2 ;�o?	�� OAC /5)� 	��	��2 �� �	�� 	�)P(� /5)� >D�%. ��	� ��8�)P+OM ( �%. ��	� �)OM(

4�	�) ���K) G�,2�	 m$\� �� ���� �(= ��3 _� :�3  �3

 .��� 6�� :���� r�$�= ��3'��	�'�3  �3'��	� ��� �� �3

 �
�� RS8 ���2 �-�  !��= 'B��-� .�� �F2�-) RS-8 "-���k

 h��X;	 .���� "A�V �! >$�,��$(=  �,L,� :63= �(= ��3 ��3

 �� �
�� o�$�� �) �	 �� 1	 '/�2 h��X;	  ',3! .�KB 'B�$)

 12 �
�� .'/ '/�2 G���� 6�� 1\�� �2 �(= !�$� 1���) '�'7

 .!� �7 .(�3-\� .'B�/$7 �2 "�� 6�;� �(= 62�	 6�,s-m$

G�,2�	 �� ���� ��3'��	� G�2$-�� ���K-) �� ���-�	 ��-3

�	 ',	 ���<$�8 G�W�	�) 6�� �2 #$�&�)�Z.(-� �2��	 �!-!�$

 |�8 �! �
�� +����� �(=CBD -2�C �
�-� +����� �2  ��;3 -�

�� .�KB _���! �
�-� d����-�� "��2�C "�� 6�;� 1	 '3!

 h��X;	 6�� �� �) �2 1���9� �! ���� �(= ��3�K�2 �
�� ��;-�

'-/�2 .-2 .= �--;3��� �?�-;��� � 6-�� ��--�< ���-�K--�2  �-�

!$2 '3�$� .

|�8 �! 1	 �
�� �� �'��!OAC  !�� ��;�) �! 1���< ���C 

12 �
��  �
�� ��3��;�) �� ��;	 ����2 �(= !$2 �(=  !��  U0

)��/ a.(�� .�KB 1J��B 6�� ���K-) '-,���� �(= 62�	 1	 '3!

� '-/ j-0�2   !�-	 '-,	 #$�&� �� �� ����	 G�
�� G�2$�

 G�$� 12 ���K�2 G'� 12 �(= !�$� ��  '/ !��= �
�� 1	 "��

'B�;2 �C�2 �3��� .

�-,F� +3�-	 48$� �
��  ��;3 12 �(=  !�� .!��� ��!

 |�8 �! �
�� OAC .��� �!Z[�
�-� ��-;�) 12 "W�B �� 

'�!�< .�! �-3��;�) .�-�� rU�-�� .�-�� ��-3a�a[ �� 

�,F� !$-WB ��!)��-/a.(�-� w$-H$� 6-�� �� �-/�B '-B�$)

 h��X;	 ���K) ���K-) 'B� �2 ��B= ��OP)  ���� �(= ��3

G�
�� '/�2 ����	 ��3 .h��X;	 !�-J�� �-2 ��-�� �(= ��3

 G�
�� ���K) 'B� �
�� �2 h��X;	 '-,	 �� ���-�	 ��-3

�� ',,	.

�� �-��� �(= ��3'��� �� RS-8 �-2 �-(= !�$-� 1-��J)

 G�
�� m$\� .��� #�n/�  ����	 ��3 .�$-,0 1-2 #�-F� ��-3

1��3 #���-��	 '-/� ���-2 ���-3 6-�� ���K-) �� '-�'8 ��-3

 �� ���<$�8 G�2$�� ',,	 .�� ���!��-2�! �-(= ��3'�-�� ��OP)

 G�
�� R$��  �< �J� 12 ����	 ��3 ��B=  ��'B�  ���0 ��3

 !��! �L��2 .��� �-2 h��X-;	 !�-J�� �2 �(= ��3'��� 6�� �2 .

.$�)�	 �� +3�	 �� .$� 6�� "�(�F� ����	 ��3 '-,3!)l:�Z

�u .(

|�8 �! �
�� +�����HCl "W�B �3��;�) �� `� ��3 �! 

�,F� '3�/ ��;�) 12 !$WB ��! .�� �AB 12 .�-�� 1-	 '���a[ 

G�
�� ���K) ���2 �� $-WB ���-	 #$�&��-B ����	 ��3  !

"�� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
9.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
6-

06
 ]

 

                             9 / 12

https://dorl.net/dor/20.1001.1.24763594.1385.10.4.9.0
https://jstnar.iut.ac.ir/article-1-610-en.html


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

�Z[ 

Dk�(? /�V 

+3f-7 6-�� �! �-(=  !�-� +���-�� �O� �! 1	 6�� 12 18$) �2

 �(= !�$� !�2��	 6���2�,2 !�	 �'�7 +����� �
�� "�����2 '��!

 ��  �
�� ��3!$	  ��;3 12 r�%� �����	 +����� 4W� 'B�$)

 !$/ �3!$	 6�� .�� j0�2 �(= !�$� G'-� 1-2 �
�-� 1-	 !$/

 �� G�$� 12 ���K�2 'B�;2 �C�2 �3� .�� �AB 12 6-�� �! '-��

h��X--;	 ���K--) .�--�� 1--2 �
�--� �--2 ��--�� �--(= ��--3  f--�

h��X;	 G�-,2�	 m$\-� �� �-2 �-(= ��-3  ���-�	 ��-3

 +���-�� ��-�� �-�?! �� �-�� >$-�,��$(=  6-3= ��3'��	�

 "�� �(= !�$� !�2��	 1J��B �! �
�� �;3��� .6-�� �-2 .�-��

 ���K) ',���� �(= !�$� G�
�� R$�� �� #$�&��B ����	 ��3

�� ',	 �� #$�&� �	 ',	.

��  !�
�--��  �--�< ��--�B !�$--� �
�--� 6��P--) E2�--,� �� �--��

 "�� ���! ��3!$	 .'-��! `-� ��'-9� 12 ��< !$	 !�2��	

 1-;3 �! _��-�! �-2�C �
�-� 1-A�U� �-2�C +����� 48$�

��� �3'/.� �! .��� �2 �
�� "�����2 '��! G����n)  !�
�-�

 !$-2 �B'F� EW,� �� ��;	 ����2 �(= EW,� �� .�-L�! G��-W0 1-2

 !$-2 .�-�� E2�-) �-�;	 �-(= EW,� ��  !�
��� �! �
�� �;3��� .

��   '/ !��= ��� �! Y��') 12 �(= EW,� �� �
�� !�$� 'B�$)

 !��< ���C  ��<  !�
��� .+���-�� j-0�2 �J��') .'/ �3� 6��

 = �
�� ��  !�
��� .��'B�� �� j0�2   '/ �( �
�-� 1-	 !$-/

 #$�&��B G�W�	�) G�$� 12 ��� G�W�	�) G��J� �! ��;	

�! '�= .��  !�
��� �! 5���� ���8� �! �
�� E��$) ����2 �!

 �
�-� 1-	 '-/  !�! .�K-B �B'F� EW,� �2 1���9� �! �(= EW,�

 �� ���C ����8� �! ��K�2 ���K-�2 d����-�� "-��2�C 1-	 !��<

 'B��!)|�8NaCl-NaOH.( 

��	
� ���� ��	5(�& 

�.> :�B$��� .� .���H� !�fB .�Zli .G�T 1���$2 ���,0 RS8  !���;0 :��� ����;�/ Q�$� �2 �(= !�$� �O� . �-L,	 6�;K-/

 :.���� ��� >$�0]^u'�K� ��!��  �LKB�! :����K	  '�KB�! :�$���/ .

2. Acharya, C. l. and D. D. Reddy. 2000. In: Crop residue addition effects on myriad forms and sorption of phosphorus 
in vertisol. Bioresour. Technol. 80:93-99.  

3. Afif, E., A. Matar and J. Torrent. 1993. Availability of phosphate applied to calcareous soils of West Asia and North 
Africa. Soil Sci. Soc. Amer. J. 57:756-760. 

4. Borggard, O. K., S. S. Jorgensen, J. P. Meberg and B. Raben-Lange. 1990. Influence of organic matter on phosphate 
adsorption by aluminum and iron oxides in sandy soils. J. Soil Sci. 41:443-449. 

5. Cassel, D. K. and D. R. Nielsen. 1982. Field capacity and available water capacity. In Methods of Soil Analysis: 
Physical properties, Part 1, 2nd ed., Agron. Monogr. No.9. pp.403-430. In: A. L. Page (Eds.), ASA and SSSA, 
Madison, WI, 

6. Chapman, H. D. 1965. cation exchange capacity. PP.891-901. In: C. A. Black (Eds.), Methods of Soil Analysis. 
Amer. Soc. of Agron. Inc., Madison WI,  

7. Cooperband, L. R. and L. W. Good. 2002. Biogenic phosphate minerals in manure: Implications for phosphorus loss 
to surface waters. Environ. Sci. Technol. 36:5075-5082. 

8. Delgado, A., A. Madrid, S. Kassem, L. Andreu and M. C. Campillo. 2002. Phosphorus fertilizer recovery from 
calcareous soils amended with humic and fulvic acids. Plant and Soil 245:277-286. 

9. Delgado, A. and J. Torrent. 2000. Phosphorus forms and desorption in heavily fertilized calcareous and limed acid 
soils. Soil Sci. Soc. Amer. J. 64:2031-2037. 

10. Gale, P. M., M. D. Mullen, C. Cieslik, D. D. Tyler, B. N. Duck, M. Krishner and J. McClure. 2000. Phosphorus 
distribution and availability in response to dairy manure applications. Commun. Soil Sci. Plant Anal. 31:553-565. 

11. Gee, G. W. and J. W. Bauder. 1982. Hydrometer method. PP.383-411. Agron. In: A. Klute (Ed.), Methods of Soil 
Analysis: Physical Properties. Part 1, 2nd ed., Monogr. No.9. ASA and SSSA, Madison, WI, 

12. Griffin, T. S., C. W. Honeycutt and Z. He. 2003. Changes in soil phosphorus from manure application. Soil Sci. Soc. 
Amer. J. 67:645-653. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
9.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
6-

06
 ]

 

                            10 / 12

https://dorl.net/dor/20.1001.1.24763594.1385.10.4.9.0
https://jstnar.iut.ac.ir/article-1-610-en.html


�%. ��	� /�012 3	4 �� /5)� ���&/� /� �6�. 	� 

�Z� 

13. Grossl, P. R. and W. P. Inskeep. 1991. Precipitation of dicalcium phosphate dehidrate in the presence of organic 
acids. Soil Sci. Soc. Amer. J. 55:670-675. 

14. Hamad, M. E., D. L. Rimmer and J. K. Syers. 1992. Effect of iron oxide on phosphorus sorption by calcite and 
calcareous soils. J. Soil Sci. 43: 273-281. 

15. Hansen, J. C. and D. G. Strawn. 2003. Kinetics of phosphorus release from manure-amended alkaline soil. J. Soil 
Sci. 168: 869-879. 

16. Harris, W. G., H. D. Wang and K. R. Reddy. 1994. Dairy manure influences on soil and sediment composition: 
Implications for phosphorus retention. Soil Sci. Soc. Amer. J. 23:1071-1081. 

17. Havlin, J. L., J. D. Beaton, S. L. Tisdale and W. L. Nelson. 1999. Soil fertility and fertilizer an introduction to 
nutrient management. 6th eds., Macmillan Pub. Co., New York, USA. 

18. Holford, I. C. R., C. Hird and R. Lawrie. 1997. Effects of animal effluents on the phosphorus sorption characteristics 
of soil. Aust. J. Soil Res. 35:365-374. 

19. Inskeep, W. P. and J. C. Silvertooth. 1998. Inhibition of hydroxy apatite precipitation in the presence of fulvic, 
humic and tannic acids. Soil Sci. Soc. Amer. J. 52:941-946. 

20. Khasawneh, F. E., E. C. Sample and E. J. Kamprath. 1980. The role of  phosphorus in agriculture, American Society 
of Agronomy, Crop Science Society of America, Soil Science Society of America. Madison, Wisconsin, USA. 

21. Laboski, C. A. M. and J. A. Lamb. 2003. Changes in soil test phosphorus concentration after application of manure 
or fertilizer. Soil Sci. Soc. Amer. J. 67:544-554. 

22. Lean, E. O. 1982.  Methods of Soil Analysis: Chemical and microbiological properties. PP.199-224. In: A. L. Page 
(Eds.), Part 2, 2nd ed. Agron. Monogr. No.9. ASA and SSSA, Madison, WI. 

23. Leytem, A. B. and D. T. Westermann. 2003. Phosphate sorption by pacific northwest calcareous soils. J. Soil Sci. 
168:368-375. 

24. Meek, B. D., L. E. Graham and T. J. Donovan. 1982. Longterm effects of manure of soil nitrogen, phosphorus, 
potassium, sodium, organic matter and water infiltration rate. Soil Sci. Soc. Amer. J. 46:1014-1019. 

25. Meek, B. D., L. E. Graham, T. J. Donovan and K. S. Mayberry. 1979. Phosphorus availability in a calcareous soil 
after high loading rates of animal manure. Soil Sci. Soc. Amer. J. 43:741-744. 

26. Murphy, J. and J. P. Riley. 1962. A modified single solution method for the determination of phosphate in natural 
waters. Anal. Chim. Acta. 27:31-36. 

27. Oehl, F., A. Oberson, S. Sinaj and E. Frossard. 2001. Organic phosphorus mineralization studies using isotopic 
dilution techniques. Soi Sci. Soc. Amer. J. 65:780-787. 

28. Ohno, T. and B. S. Crannell. 1996. Green and animal manure-derived dissolved organic matter effects on 
phosphorus sorption. J. Environ. Qual. 25:1137-1143. 

29. Olsen, S. R. and L. E. Sommer. 1982. Phosphorus. Methods of soil analysis: Chemical and microbiological 
properties. PP.403-430. Part 2, 2nd ed., Agron. Monogr. No.9. In: A. L. Page (Eds.), ASA and SSSA,  
Madison, WI,  

30. Reddy, D. D., A. Subba Rao, K. Sammi Reddy and P. N. Takkar. 1999. Yield sustainability and phosphorus 
utilization in soybean–wheat system on Vertisols in response to integrated use of manure and fertilizer 
phosphorus. Field Crops Res. 62:181-190. 

31. Rees, R. M., B. C. Ball, C. D. Campbell and C. A. Watson. 2001. Sustainable management of soil organic matter. 
British Society of Soil Science. CAB pub. 

32. Rhoades, J. D. 1982. Methods of soil analysis: Chemical and microbiological properties. PP.167-179. In: A. L. Page 
(Eds.), Part 2, 2nd ed. Agron. Monogr. No.9. ASA and SSSA, Madison. WI,  

33. Richards, L. A. 1969. Diagnosis and improvement of saline and alkali soils. Agriculture Handbook No:60. 
34. Robinson, J. S. and A. N. Sharpley. 1996. Reaction in soil of phosphorus released from poultry litter. Soil Sci. Soc. 

Amer. J. 60:1583-1588. 
35. Ruiz, J. M., A. Delgado and J. Torrent. 1997. Iron–related phosphorus in over fertilized European soils. J. Environ. 

Qual. 26: 1548-1554. 
36. Sharpley, A. N. and I. Sisak. 1997. Differential availability of manure and inorganic sources of phosphorus in soil . 

Soil Sci. Soc. Amer. J. 61:1503-1508. 
37. Siddique, M. T. and J. S. Robinson. 2003. Phosphorus sorption and availability in soils amended with animal 

manures and sewage sludge. J. Environ. Quality 32:1114-1121. 
38. Singh, B. B. and P. Jones. 1976. Phosphorus sorption and dessorption characteristics of soil as affected by organic 

residues. Soil Sci. Soc. Amer. J. 40:389-394. 
39. Subramaniam, V. and B. R. Singh. 1997. Phosphorus supplying capacity of heavily fertilized soils I. Phosphorus 

adsorption characteristics and phosphorus fractionation. Nutr. Cycl. Agroec. 47:115-122. 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
9.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
6-

06
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.24763594.1385.10.4.9.0
https://jstnar.iut.ac.ir/article-1-610-en.html


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

�Z� 

40. Toor, G. S. and G. S. Bahl. 1997. Effect of solitary and integrated use of poultry manure and fertilizer phosphorus 
on the dynamics of P availability in different soils. Bioresour.Technol. 62:25-28. 

41. Walkley, A. and I. A. Black. 1934. An examination of the Degtjareff method for determining soil organic matter and 
a proposed modification of the chromic acid titration method. Soil Sci. 34:29-38. 

42. Whalen, J. K. and C. Chang. 2002. Phosphorus sorption capacities of calcareous soils receiving cattle manure 
applications for 25 years. Commun. Soil Sci. Plant Anal. 33:1011-1026. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
9.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
6-

06
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.24763594.1385.10.4.9.0
https://jstnar.iut.ac.ir/article-1-610-en.html
http://www.tcpdf.org

