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2. cast 
3. vermiwash 
4. tea vermicompost 
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1. conidia 
2. mature vermicompost 
3. immature vermicompost  
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1 . Diethylene Triamin Pentaacetic Acid 
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50/506´J��	  8�	fD {!�W" �K 6=K � ��� �	BZ" I� B@ [�

Malakouti and Rezaei) 2001 (��! I���(K B` �%# .	B�!	' 

I��G�  #	 '�B@ *?	�E% � g�?	�= #	 $& � I��� L�? ��=

 gN	.
F�"  B@ ��	� ���H ��" .  
  

R	�� !.,5S�	 ,��   ��� ,������ 	 ,D�T�< 0�1 

Sandy loam *+�! 

./1 pH 

.��/� (dSm-1)���@  

1�./|   ���(mgkg-1)  

U�/.  6=K(mgkg-1)  

||11/|  
NK ���")B���(  

\�/1  g=K)B���(  

|.U/|  �m�����)B���(  

\�/�  ���(� �� ��h+(mgkg-1) 

||U/|  
NK 6!��)B���( 

�1|  n�(��&(mgkg-1) 

�|�×�/�  �	�	B��Sf%� *��GS 

  

 *@�� #	 P�O L�? 
%��G�@ � 
E%f�+ R����4?

(��!
'B@ IFGS #	  *�F!�O '���"��B�= 8�� I! L�? *+�! 

��4H 
E%��EN	 *%	B=^*%	B= ����(� �! 9��@	   '
E%��EN	 e(

pH ����(� �! 9��@	 P� pH
hF� 8�� I! g=K '��"  ���"2' 


EN	� 8�� I! 
NK 6!�� gF!3' i	BF�� 8�� I! P� �m�����4 '

6hN�	 8�� I! [cS P!�O ��h+5
 )���4H !�E�! �! ���D R�

                                                                                             
2. Calcimetric 

3. Walkley Black 

4. Kejeldahl 

5. Olson 
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�'U  ����� ��� 	 
� ����� ���� ��	6 ��� ����� ������ �� � !"#�  

 n%B(U/|�q�" (P!�O n�(��& ' ���4H 8�� I! [cS  �! ���D

��"��+ n�F+ 8�� I! n�(��& � n%B( 'i�"�� n���"K R��(	1 '

$EFbG� 8�� I! n%f�" � n�hF� n� ���H '���"  6=K X�4"

 �� i�Fj" ��� �DTPA
G�	 [cS ����(� �!  (Sparks, 

1996)8�� I! 
!��E�" *��GS � � MPN (Alef and 

Nannipieri, 1995)�#	B�	   ���DB@ ) i�BS�(.  

 I! �	�GT nO� ����! CBD *?	�E% � nN�( ��c! ����K

 	BS 
�(� R��� I! � 
+�� �	BZ"@B . #	 $& CBD ��c!

I�	�S � 
jW( 
���HBx  [K ���` ���& X��� �� �B@ �	�

 ��"� � ��DK�1S�� A
���(  �	BFD �� '�	�D  
E��(_& ��=

 ���`� B@ *�� L�? C�D�F�� .�	BFD  �! B@� ���	 �� �=

 �z�	B` ��"��\ PO	B` � �.S�� A
���(  ��� �! �	�D^ 

�� ��� RB@ �! 
E%��� � 
%�@�� *H�(��||| I! $��N 

 RB"��|B@ ��	B��� #�� . �	BFD  
�#� R��� I! I�	#�� �=

 ����!K@B .�	BFD C�G� I! �= )�	BFD fS I!  � *�z" B=�@ ��=

�"
( ���	 P"�@ ����" ���H #��� C�(�� )�||
F�"   �� C�D

C�D�F��( C����"K R��h+ � n�(��& R��N�( ')�||
F�"   �� C�D

C�D�F�� ( *!�� �� 
�)i�	 ��" ��%�& �� � *@�� #	 P�O(  I!

�	BFD L�? I! i�Fj" R��� B@ I+�x	 �= .��= �"	  �4H I��D

n� %cd� �� X�4"A�	BFD  BFD fS I! �=�	  I! *�z" B=�@ ��=

*+�� ��� .�	BFD I! ����" ���H I! ���� #��� C�G�  B=�@ ��=

 *�S BFD�= 
%	cY i�Fj" *!�� �� � B@ I+�x	 
�" � *�z"

�;n� ���H 6�" l�! R��� I! X�4" �	BFD I! 
@�&  B=�@ ��=

B@ ��	� *�z" .  

�	BFD  *!�� *�= �]� ���" ��=��G�� I! IS�� �! �=)��=A 

�n=����T � n=�#	�� 'n=� 'n��= 'n�@ 'C���T 'C� ( �!

i�Fj" l�! 8	� 
"�� uF�J" ��=  ��! �= �	�! � B�B@ 
@�&

'��!���  I��� �#�� 8	� 
"��@B . #	 $& CBD ��=��D *@	��!

��|*+�D R��� #��  . �#� 'I�%� �#� �! uF�J" ��=��G�� �:	

C	B�	 g�?  
%	�= ��=)��pFGH y%m�N��!( �#� � I�	� g�? 

)���4�O	 ��EFGH (B@ *�: �	BFD �� .!I  CBD ���D �c! ��_H

%f��A 
%��G�@ B@ ���H *]FY � Zn ,Fe ,P �K �� 

�#	B�	 B@ ���D.(Ryan et al., 2005) ��	� P�Fj� � I%f��  �=' 

h%�Z" 6�rG=A��	� 6�����"  I"	� BT ��"#K 8�� I! �=  �	

 VW( �� 6E�	�U���(	 �! B��� C�� #	 ��  �	f+	MSTATC C���	 

*+�D .  

                                                                                             
1. Flame fotometer 
2.  Most Probable Number 

V�  	 W���:  

/��� 6�D��8 	 ��� 0�1  

 g�? �#� � g%m�N��! ��EFGH �! 8	� 
"�� 9	��	 ��!��� �:	


�" l�!  �	��!�) |�/|.(P<  �:	 � X�4" 8�� 
F�	 �:	 �"	

 
%	�= C	B�	 g�? �#� �! 8	� 
"�� 9�� � X�4" 8�� P!�Z�"


�" � �	����) i�BS�.(! e%��� I  e%��� X_?�! �B"K *(�

 R��N�W"Knewtson )2008 (��! .�� *(	 6EG" *@	� �	�H 

 �"	 6%	 �! ��� i�"�+ �% ��� X�4" *�h� '��� X�4" ��"#

"}B@�! �: . �� 3���� I! 
%	�= C	B�	 g�? �#� 6%��q�!

 ��=��G��V+DTPA )1/1 %*�z" B=�@ I! *�h� <%	f+	( '

IV+DTPA) \/1 %	f+	*�z" B=�@ I! *�h� <% ( �

CW+1/3DTPA) 1/\ %*�z" B=�@ I! *�h� <%	f+	 ( �B=��"


" 
�" R���� I� ��@ ��	� �=��G�� �%�( �! ��	� )i�BS. .(

6�%�&  ��G�� �� 
%	�= C	B�	 g�? �#� 6%��CW+Wt5 �B=��" 

B@ .6%	�!�!'���4H '��]��	 {!�W"   ��DDTPA *���? *FH I! 

R_� ��H 
DB� 
"�� #	 ���H �	�J�(	 �� 
!�? 
%K��� '�

� I���� �� � *(�bG�; CBD ���D g%m�N��! ��EFGH �! ��:

*(	 I�@	� .  

����#�(n�Z�h" � 
F�	 *(	 6EG"  I! ���D ,(�& P"�@ 

��"��=���+ �% 
%	cY ���H �=�  �� B@� L�j" 
%��G�@ �	�" 

 8	� 
"��B@�!. ����#�(�� ���d� P"�@ n�Z�h"��Y  �% 3��

�"�SA �	�	B��Sf%� 3S�" ��"# i�� �� I� *(	 ���D �! �	�G= 


D7%� i���� '
%��G�@ ��= ��(�F�+ 
�h%# �% 
E%f�+ 
" ��@ 

.(National Organic Standards Board, 2004)   ��!��� �:	

 '���D 9����	 �! ���K P!�Z�" �:	 � X�4" 8�� '8	� 
"�� 9	��	

�	� ��EFGH 'I�%� g�? �#� �� I�	� �	B�� � I�	��	f= �#� 'I


�" i�E���& � �	����) i�BS� .( ��G�� �� I�	� ��EFGH 6%��q�!

IV+DTPA) 1\/� %*�z" B=�@ I! *�h� <%	f+	( 6%��q�! '

 ��G�� �� I�	��	f= �#�IV+DTPA �! ./�� % I! *�h� <%	f+	

B@ �B=��" *�z" B=�@ . ��G��CW+Wt9  ���D 9����	 6%��q�!

).�/. %*�z" B=�@ I! *�h� <%	f+	( ��G�� ' IV+Wt9 6%��q�!

 I�%� g�? �#�)|�/�� (% ��G�� �V+DTPA) .�/\ %

*�z" B=�@ I! *�h� <%	f+	 ( i�E���& �� I�	� �	B�� 6%����!

B�@	� 	� .  


�" �:	 X_?�! ���4H ��!��� �	�  ��DDTPA <%	f+	 �! 

	 P��` 8	� 
"�� ��!��� 'g%m�N��! ��EFGH #DTPA *h�	��� 


�" ��� I! 	� I�	��	f= �#� � I�	� ��EFGH B=� <%	f+	 ��	� .

�N�W" �� BT�=A��" 9�� �:	 I� B@ ��	� ���� 
F�O ^ I�N�	 


�" 8	� 
"�� 
!��E�" *��GS � ���H *]FY  �"	 '��! �	�

�;
�" ���D ��EFGH � B@� �! ���K ��: B�� �	� . ���%# R��N�W"

*�z" �:	 "������ 8�	fD ���D ��EFGH �! 	� 8	� 
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   �A- >�?�����D�1 	  : J�KL��� �  .�	 M��	 M��N5�  ��*��...  �'X 

BGH^6�& ��=��D �! R��N�W" 6%	   R��� R��%f�( � l�!

*(	 I�+�D .B=��" CBH P%q� #	 
E%^
�" R����   �� �	�

>?�@  R��%f�( � ��=��D l�! PE@ *(	 6EG" ��EFGH ��=

B@�!. 6�& ��=��D  �! �����! ��G� VW( R��%f�( � l�!

 8	� 
"���	� I���� �� � ��G� ��"# <%	f+	 3S�" I� B�


" 
%	cY ���H ���! [cS ��@.  
  

R	�� �..�	 ,��	 ,������ ���YAL� ,��   �1  

8	� 
"�� 9�� EC (dSm-1) N (mgL-1) P (mgL-1)  K (mgL-1) Ca (mgL-1)  Mg (mgL-1)  Fe (mgL-1)  Zn (mgL-1)  

V+Wt5 �\�/� \U/�� �UU/� U1U\,�1 .�,U� �|�,0� �1\/� 0.�1/| 

V+Wt7  �\./� �U/�. �0�/� .1.|,U1 ��,�� �0�,1� \�U/� ���/� 

V+Wt9  �0�/� ||/�\ \�0\/| �1��,01 U0,\. �11,1� |11/� ���/� 

V+DTPA  ��./� \U/�\ �01/� .���,\1 0U,�\� \�|,�| U.1/� \.�/� 

V+1/3DTPA  0��/� ||/�| |\|/� �\.U,�0 10,�| �\0,�U \�./� 0.0/� 

IV+Wt5 \�|/� U|/�� ||�/� �\0U,U1 U�,.U �|1,0 U�U/�  �U|1/| 

IV +Wt7  .|0/� U|/�� ��\/� U�1\,01 U1,\� �\\,�0 1��/� ��|/� 

IV +Wt9  1��/� ||/0 0�\/� �|�,�� �|,\U �1U,.� �\\/� U\U/� 

IV +DTPA  �|\/\ U|/�0 �.U/� .��\,.\ �10,�| �1|,�| .\�/� .\./� 

IV +1/3DTPA  U.1/.  \U/�� \�./� U�U�,�1 U\,\� �.U,1� �U�/� �U�/� 

CW+Wt5 ���/� \U/�. �0|/� ��\1�,U\ ��,�� ��\,|| �1U/�  �.U/� 

CW+Wt7  �U�/� \U/�� �U�/� �|�0U,�U ��,.| ��U,.� .UU/� 0||1/| 

CW+Wt9  �|U/� \U/�1 �UU/� ���UU,U� .�,U� �.�,|� �|./� 001\/| 

CW+DTPA  |.�/� U|/�0 \��/� �U1|1,�� �|,1� U�.,�1 �.U/� U1�/� 

CW+1/3DTPA  1.U/� �U/�� 00|/� �U|.0,U0 �0,�� �0U,\. 00U/� \.�/� 

V �aN�! *(�bG� 
"�� IV �aN�!�� *(�bG� 
"�� CW                                         
��? C��  Wt5 'Wt7 'Wt9 �! �WZ" [K 3���� I! pH=5 'pH=7 � pH=9.  

*6�����" '���( �= �� 
�" R���� BO�+ 'L���" 6��q X�` g% PO	B` �! ��=  VW( �� ��%BE% �! �	�U %� ��"#K 8�� I!*(	 6E�	 .  

  

R	�� ".�T�� 9 �  ZA �� [:����	 ��*�/��� �  .�	 ,��	 \�L� .	� 	 .�	 ,��	 ]�A:� ,�G   ��Q�� �^	 ��:�6��T1 �^	 �_�FA`A�  6�D��8 ��:�6 6�D��8 0�1

���5 ]�;��� 	 +�  _Q� �^	 3�45*
                                  

  

I�	� ��EFGH  

  

g%m�N��! ��EFGH  

  

	f= �#�I�	�� 

  

I�%� �#�  

R��!�" 6�����"  

l�! g�? �#� 

  

���D 9����	  

  

��	#K AS��  

  

R	���d�  !�" 

046/0 ** 066/0 ** 088/0  ns 
�|\�/| �|.�٭٭ 0/

506/49 � �	�E� 

|�|/|  ns |�\/| ** �|1/|  ns |��/|  ns 
٭٭

044/|  637/13 ns �� 8	� 
"�� 9	��	 

|.\/| * ||�/| ns ||�/|  ns ||�/|  ns 003/0  ns �U�/| ns � ���G� P%��(	 

|�U/|  ns ||U/|  ns ��1/|  ns |��/| ns ||�./  ns �10/�U ns �� 
 8	� 
"�� 9	��	× 

���G� P%��(	  

|�1/| ||�/|  �||/| |�0/| |�U/|  ��|/�|  00 �W? 

U�/\  11/�  �1/\ 10/��  ��/�  �\/U   % C.V 

  ns,*,**I!  3���� 
�" �	� �� VW( � B��� � U B��� � 
�"��Y �	� 

  

  

��S� �!	 %'6��G�� ��=��D 'I�N�W" 6%	 �� ��T  �B@ �! 

kZ+ 8	� 
"�� %g C�( ���� *+�%�� 	� X�4"�& ���H I! #��� 


�" R���� 
N� B���! ��G�� ��=��D ��EFGH �� ��	� �B@ �! 

B�� �B=��" *�z" B=�@ � 8	� 
"��'
"   6�T �	��

I����  ���D��g% I�h�	�� 8	� 
"�� I� �  ���D ���� #��� C�(

� 	�; B@�! I�@	� *�z" B=�@ i���" ���EFGH � 6�") i�BS. .(

 Ansari)2008 (� ���! B@� ��=��D ��q�! ��EFGHI! 	�  

�#�(�	#K�h=K A 6�N���S � 6�h�	 �	�G= I! 
%	cY ���H 

 ��!��� #	 
@����=���� *(�bG� 
"�� ��T 
NK   8	� 
"��

�	� *�h�.   

 3S�" P%��(	
�" <%	f+	  VW( �� I�	� ��EFGH �	�U 

 P%��(	��Y ��=��G�� I! *�h� B���@ B)PE@ � .( *FH B%�@

���� �� ��h+ � 6=K ���H *�N_` <%	f+	 I! �	��! 	� �"	 6%	A 

�	� *�h� P%��(	. 
�" 
��h�G= 3%�x  I�	� ��EFGH 6�! �	�

� 'I�	� �� ��� � 6=K '��h+ [cS �; I�E� 6%	 �! �B�%	*( 

)��	� �B�� ��	� ���� �= .(�q�G�`	 
"�� �	�	B��Sf%� *�z" �:	 
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�'a  ����� ��� 	 
� ����� ���� ��	6 ��� ����� ������ �� � !"#�  

���G�! �	�	B��Sf%� �! *!�O� �� ���K <Z� I! ��(�F�+ �� 8	�  	#

 k���"*(	I%cd� <Z� ��(�F�+ �� �  n�T �	 	B� ���D�� .  


�" �:	 8	� 
"�� 9��  VW( �� �	�UB���  >?�@ �! 

 X�4" 8�� �:	 
N� '*@	� *@	��! 
"�� 9�� P!�Z�" �:	 �


�" *@	��! >?�@ �! X�4" 8�� � 8	�  ���� �	�  

) i�BSU .(h%�Z"A6�����"  �=���	�   ��"#K ��(	 �! �=

"	�BTA VW( �� 6E�	� UB���  ��G�� I� �	� ���� 

CW+Wt5
�" <%	f+	 3S�"   �	�)10/�U (% *@	��! >?�@

 *�z" B=�@ I! *�h�@�q�G�`	 I� B<%	f+	 �!  �m����� *]FY 

 k���" 8	� 
"�� 9�� 6%	 ��'*(	 i�BS {!�W" 	�%# �' 
"�� 

���4H #	 P��` 8	�  �! �WZ" [K ��DpH=5 
��? C�� � 

(CW+Wt5)	�	� 	� �m����� *]FY 6%��q�! *( .  

  
R	�� � .����9 =�b:��� ��*��4��6 �4E �A�^� .	� �  .�	 ,��	 ]A: ,�Y�   cd@ �6 =D:�6 0�P % 0��  ��:�6��T1 �^	 �_�FA`A�  6�D��8 ��:�6 6�D��8 ��;Y

3�45 ���5 �6 �Q�� �^	 	 +�  �^	*                ��;Y                                                                      

 I�	��	f= �#�(g)  g%m�N��! ��EFGH 

(g/pot) 

���D 9����	 

(Cm) 

I�	� ��EFGH 

(g/pot) 

l�! �#� 

(g)  
I�%� �#� 

(g) 
��G�� 

0\/�. b 

U�/�� ab 

10/�U ab 

\�/�U b 

��/�\ ab 

�1\/U  e 

�U|/U e 

.1�/U  cd 

|0�/�  a 

�\./U  de 

.�/��  ab 

�U/�� ab 

11/��  ab 

��/��  ab 

�|/��  ab 

U.|/� ab 

��U/� ab 

\0�/�  ab 

\|�/�  ab 

�11/�  ab 

�\1/� fg 

�.�/� g 

1��/� cde 

���/. a 

\1�/� def 

1\�1/| a 

10��/| a 

|�\/� a 

|�|/� a 

0\�\/| a 

 

V+Wt5 

V+Wt7 

V+Wt9 

V+DTPA 

V+1/3DTPA 

 

0\/�. b 

U\/�U b 

�U/�U b 

0./.� a 

�U/�U b 

���/U  e 

U1U/U  c 

1�U/U  b 

|11/�  a 

�1./U  c 

�|/��  ab 

�1/��  ab 

0�/��  ab 

\\/��  ab 

�U/�|  b 

1��/�  ab 

1|1/�  ab 

�|�/�  ab 

0�0/�  a 

U�\/�  ab 

�1�/�  fg 

10U/�  cd 

��./.  b 

�1�/.  a 

U\�/� c 

|�U/� a 

||�/� a 

�.0/� a 

|.�/� a 

||�/� a 

 
IV+Wt5 

 
IV +Wt7 

 
IV +Wt9 

 
IV +DTPA 

 
IV +1/3DTPA 

 

U�/.| ab 

�|/�� ab 

1�/�U ab 

UU/�� ab 

1�/�� ab 

�0�/.  f 

\0./U  b 

U0�/U c 

1��/U  b 

|�0/�  a 

\U/�|  ab 

\1/��  ab 

�./�.  a 

\�/�| ab 

�\/��  ab 

\�./�  ab 

\.�/�  ab 

�.\/�  ab 

\1U/�  ab 

\|1/�  ab 

�\./.  b 

|.0/� h 

0|�/�  cd 

��./.  b 

�|U/.  a 

0.��/| a 

|�|/� a 

1��\/| a 

|�./� a 

|��/� a 

 
CW+Wt5 

 
CW+Wt7 

 
CW+Wt9 

 
CW+DTPA 

 
CW+1/3DTPA 

 

U|/�. b 

\U/�1 ab 

�U|/U  e 

U00/U  c 

0�/U0  b 

U|/��  ab 

.U�/�  b 

1��/� ab 

\�\/�  efg 

0U�/�  c 

\�\U/| b 

|�U/� a 

Negative control 
 

Positive control 

V�  �aN�! *(�bG� 
"�IV �aN�!�� *(�bG� 
"�� CW                                     
��? C��  Wt5 'Wt7 'Wt9 �! �WZ" [K 3���� I! pH=5 'pH=7 � pH=9.  

* 6�����" '���( �= �� 
�" R���� BO�+ 'L���" 6��q X�` g% PO	B` �! 
%�=  VW( �� ��%BE% �! �	�U %6E�	� ��"#K 8�� I!*(	 . 

  
  

R	�� P.�T�� 9 �  ZA �� [:����	 ��*�/��� �  .�	 ,��	 f���@� �*� 	 .�	 ,��	 ]�A:� ,�G   	 =1� ��;�< 
2� �>��6�  /��� �RAD�:�- �6 �:�6 6��C� 0�1

:�6 �6 0	�93�45 ���5   
*

  

  

I�	� �� ��� [cS  

  

I�	� �� 6=K [cS  

R��!�" 6�����"  

��h+ [cS I�	� ��   

  

�� I�	� �	B�� 

i�E���& 

  

 >?�@

*@	��!  

  

��	#K AS��  

  

R	���d�  !�" 

|��/�. ** 490/7
 ns
 605/0

 ns
 |�|/| ns 001/0

 ns � �	�E� 

.�/�  ns �1|/�� * .1./|  ns |��/|  ns 006/0  * �� 8	� 
"�� 9	��	 

..\/�  ns 322/7  ns ��U/|  ns ||�/|  ns ||U/|  ns � ���G� P%��(	 

|��/�  ns 1��/1  ns �.�/|  ns |�0/|  ns ||./|  ns �� 
  8	� 
"�� 9	��	× 

���G� P%��(	 

�U\/�  U�0/�  U|U/|  |��/|  |��/|  00 �W? 

�|/��  ��/�\  ��/��  ��/U  10/.   % C.V 

ns,*,**I!  3���� 
�" �	� �� VW( � B��� � U B��� � 
�"��Y �	� 
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W!	�A! �m�����  G�� 6�! 
G�Z�h" � � 
H	�# ���D 

�	� ��S� *@	��! >?�@� . 6EG" *@	��! >?�@ <%	f+	

���� *(	AB@�! �m�����  G�� �� ���D 
%��	�� <%	f+	  

.(Sinclair, 1998)
(��! ��   >J�" f�� ��ZZj" �%�( ��=B@ 

 ��=��D �� I�	� ��EFGH <%	f+	 �! �	�G= *@	��! >?�@ <%	f+	

 *(	 ���! 
H	�#(Sinclair, 1998; Sayre et al., 1997; Pery 

and Antuono, 1989) .�N�W" ��A 
��h�G= 3%�x f�� �x�` 


�"  B@ �B=��" *@	��! >?�@ � I�	� ��EFGH 6�! ��	�

)��	� �B�� ��	� ���� �=*(	 (.  

,��2g �Y�48 
2�  

 � ��h+ [cS �! ���K P!�Z�" �:	 � X�4" 8�� '8	� 
"�� 9��

� ���;
�" ��: *@	B� ��	� .� 8	� 
"�� 9�� kZ+; ��:


�" �� ��	� VW( U *@	� I�	� �� 6=K [cS �! B��� 

)i�BS U .( ��G�� �� ��� [cSCW+Wt5 ��B���  [cS � 

 ��G�� �� 6=KIV+DTPA �1B���  *�z" B=�@ I! *�h� 

*@	� <%	f+	 .� 6%��q�! 6�%�&  I! ��h+ [cS �	f�" 6%��

 B@ �B%� 
�" B=�@ � *�z" B=�@ �� 3����) i�BS� .(

Todkari and Talashilkar) 2001(' Edwards et al. ) 2006 (

��:K �@%�� 9�G�" �! 	� 8	� 
"�� IS�� N-P-K[cS  B@^ 

8�	fD ��=��DB���� .  

I�%� �	� #	 I%cd� I! l�! �	� #	 I%cd� #���"	' *H�( �� 

 I! �K �B@ ��	� � ��h+ [cS*?�( #�(� *(	 ���! 
=��D 

[cS ��h+ P� �	BZ" 
N� �B@! Ih%�Z" �� l�! �	� #	  �	BZ" �

[cS �B@*(	 f�T�� I�%� �	� #	 .(Wittwer et al., 1963)     

��G= I� ��� Edwards et al. )2006 ( 'B���� ���! f��

 IT�D	n=	�+ *(	 6EG"�B@   
"�� �� 
�B�" 
%	cY ���H

 8	�IS�� P!�O
G� �"	 'B@�!   B@� <%	f+	 
F�	 P�N� B�	��

B@�!
" �]� I! �  ��S� B(�	�	B��Sf%� n�]� � � �B�  ��=

���D B@� ��"��= B��"  g%�N�+ ��=B�(	 'g�"�= ��=B�(	 '�=

����#�(PG�j"  ��� B@� <%	f+	 �	�!  ���DB@�! .  

 X�4" 8�� �:	 I�N�W" 6%	 �� I� 9�x�" 6%	 I! IS�� �!

>?�@ �! 
�" I�	� ��EFGH fS I! ��EFGH � B@� ��= ���� �	�' 


" %cd� �� *�D �	��A
D�!  CBD �! <Z� '8	� 
"�� 

>?�@ �� f�� �	�	B��Sf%�  ��EFGH fS I! ��EFGH � B@� ��=

 f�T�� I�	�*(	.  

  
 R	��U.���� ��*� 9=�b:��� .�	 ,��	 ]A: ,�Y�  4��6 �4E �A�^� .	� �  �19 cd@ �6 =D:�6 P % 
2� �>��6�  /��� �RAD�:�- �6 �:�6 6��C� ��;Y 0�� 

:�6 �6 0	� 	 =1� ��;�<93�45 ���5  *  

I�	� �	B�� 

i�E���& ��  
*@	��! >?�@ 

6=K [cS  

 I�	� ��(mg/gr) 

��� [cS  

 I�	� ��(mg/gr) 

 �� ��h+ [cS

 I�	�(mg/gr) 

 

��G�� 

U0/�� ab 

�U/�� ab 

\�/�. b 

�1/�� b 

U\/�� ab 

�U��/| cd 

�11./| bc 

�0.�/| bc 

�|0�/| d 

�10U/| bc 

U/�.� abc 

�/�|1 bc 

./�\\ ab 

./��� c 

./�|� bc 

0/�\� ab 

1/�\\ ab 

�/�10 ab 

|/�.\ b 

�/�\. ab 

��/�0 ab 

U�/�� ab 

10/�� ab 

0U/�1 ab 

|0/�� a 

V+pH5 

V+pH7 

V+pH9 

V+DTPA 

V+1/3DTPA  

 

.0/�\ ab 

|1/�1 a 

.�/�� ab 

U/�\ a 

./�U ab 

\�\./| b 

�1�U/| bc 

��1�/| d 

�U��/| cd 

��U0/| cd 

\/��0 abc 

1/�.1 abc 

|/��\ abc 

|/��U a 

�/�|0 bc 

0/�\0 ab 

�/�1U ab 

�/�\� ab 

1/�U1 ab 

U/�\. ab 

�./�1 ab 

0\/�| a 

�\/�| ab 

\./�1 ab 

\0/�0 ab 

IV+pH5 
 

IV +pH7 
 

IV +pH9 
 

IV +DTPA 
 

IV +1/3DTPA  
 

��/�� ab 

1�/�U ab 

�\/�U ab 

�1/�� ab 

|1/�� ab 

\0�./| a 

�U.�/| cd 

�U�\/| cd 

�U1\/| cd 

��\�/| d 

|/��� abc 

�/�.. abc 

�/�.U abc 

U/��� abc 

1/��� c 

U/��\ ab 

�/�0| ab 

./��� a 

|/�1. ab 

U/�11 ab 

.|/�0 ab 

��/�1 ab 

��/�� a 

0\/�1 ab 

U�/�\ ab 

CW+pH5 
 

CW+pH7 
 

CW+pH9 
 

CW+DTPA 
 

CW+1/3DTPA  
 

\0/�� b 

��/�� ab 

����/| d 

�1.�/| bc 

|/��� c 

�/�0� bc 

�/�.\ b 

./�0U ab 

../�U b 

|�/�� a 

Negative control 
Positive control 

V �aN�! *(�bG� 
"�� IV �aN�!�� *(�bG� 
"�� CW�                          
��? C� Wt5 'Wt7 'Wt9 �! �WZ" [K 3���� I! pH=5 'pH=7 � pH=9.  

*6�����" '���( �= �� 
�" R���� BO�+ 'L���" 6��q X�` g% PO	B` �! 
%�=  VW( �� ��%BE% �! �	�%U*(	 6E�	� ��"#K 8�� I! . www.SID.ir
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�!'  ����� ��� 	 
� ����� ���� ��	6 ��� ����� ������ �� � !"#�  

  

  
 fD�! .�:�6 6�D��8 �  f���@� �*�  

  
 fD�� .� �*�FA`A�  6�D��8 �  f���@�_  

  

����:  ,�G 0��5  


�" <%	f+	 3S�" 8	� 
"�� ��!���  'g%m�N��! ��EFGH �	�

�	� �� 6=K [cS � l�! g�? �#� '*@	��! >?�@A CBD 

"
 ��@ . �! ��=��D ��G�����4H 8	� 
"�� ���D �B@ C�� #	 

 
��?�! �! �WZ" [K �pH=��! *@	��! >?�@ 6%��q�! ' .

=��G��i�GH	 �� �B@>?�@ �!   I�	��	f= �#� � I�	� ��EFGH ��=


�" �:	 I�	� �� ��h+ � ��� [cS � �	��B�@	B�  . ��G��

IV+DTPA
�" R���� �! I�	� �� 6=K [cS 6%��q�!   �! �	�

 �%�(��*@	� 	� �=��G.  


" $& ��" 9�� M_�	 �! �	��^���4H � I�N�	   ���" ��D

��� �� �����(	A� 
"�� �	� �� �cd"f%� ���H [cS 8	A   

	� ��=��D��� M_�	  � ��h�	 
%	cY n%m� #	 
G�" <J! I� 


" ��G@ I! C	� B��� .
FH  ���H I! #��� C�(�� kZ+ IE%	 nY�

�	BFD I! X�4"�& ��G�� ��= �B@ ��= � B@ I+�x	 8	� 
"�� �! 

n� ���H #	 C	B�  � ��EFGH 'B�� �����(	 �=��G�� �� X�4"

	�	BFD �� ��EFGH �	fS ��G�� ��= �B@ �% ����! 8	� 
"�� �! 


" ���� I� ��! *�z" B=�@ i���"  8	� 
"�� ��!��� B=�

n� � X�4"�& ���H ���G� I�h�	��  �	��S 	� X�4"�B . CBH


�" R���� ���4H 9	��	 6�! �	�  '���D ,(�& �! ��D" ����
 B=� 

 ��!���DTPA���� � B@� g%�j� �	�!  *j� 
%	cY ���H *

8�	fD k%	�@ �B@ ����x I�N�W" 6%	 �� ��*h [K ��!��� � 

 #	 �����(	 I! *�h� �WZ"DTPA *�jS�	 ���4�O	 ��jN #	 

��	� .6�rG='
F� ��� I! ' 
"�� 'aN�! *(�bG� 
"�� ��!��� 

 
��? C�� � aN�!�� *(�bG������ A� 8	� 
"�� ; ��:


�" �� ��=��D ��EFGH �! ��	���G �B@ �"	 *@	B� ���K �! 


" � �	��;�! 
wfS R��� I! 	� ���K ��:  
!�%#�	 ���H *]FY

��� .! 'I�N�W" 6%	 ��I � CBH P�N�;
�" ��:  I! 'X�4" 8�� �	�


" �]�  � B@� �� 8	� 
"�� �� ��S�" �	�	B��Sf%� <Z� B(�

��! f�T�� ���D ��EFGH.  


" �����& � P%��(	 8	� 
"�� �:	 ��@ �� P%��(	��Y 

���G�! � R�+K i���  
(��! 
=��D ��=�@� . I! 8	� 
"��

 *(	 ���D ���(� P!�O C�+ I! 
%	cY ���H ���` IE%	 *FH

 �:	 ���D B@� �! *H�( I! IQ"
 ��	cD � B@� 'I%cd� �� � 


" *Q�@ n�Z�h" ��� I! ���D ��EFGH �q�G�`	 � BQ P�N� I! 

 ��jN #	 ���! 6G%	j"�k #�h%
%fD A�(�" 
 �#����� �	�! 

 
NK*(	. 
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