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

��� 

�,��-.! /	�
!� �	��0
1
� 	� 	'23 4	�,�" �5�	6 	�
7��� �	��� 	�	 !
8	9 �" 	�


.�3�:�	� �	;�" 

����<��	=> 
�"?2(��=@2 ��AB� ��	C

�<�DE 

���	��3 FG2	H�7 I�B J� "
��A� ��K
� G� �-.! 
	�!� �	��2<�� 0
1
� �5�	6 	� 	'23 4	�,�" �
	L�7L��	�,�"<L�CC�" GL2� 2 

8	9 
	�.�3 �:�	� �	;�" )M �CNON;2	� �A;�
(�"<�7 �� 
	�B G� �������7 � <! G;H��� �	�� �P� �" 	���Q<� G� "A., G� �� 0�	

<! �<2"��A6 G;=� I=� .��-.! �"0 	�
!� �	���"<�7 8	9 �� 0
1
� 	���	S� T�� G� UI!"�A� �" V6 7�A
G%	�2� "
� ���"� ����	2�0

��"<2" 7�A
<!." ���WX�	B �	.!" G� 0
1
� T�� /���Y� )��	S� 7�A
	�Ca(N03)2(�LZ ��� G� U��<L! [\L] $)��	SL� 7L�A
	L� 

CaDTPA + Na2B4O7(,	
�AB U�)��	S� 7�A
	�HNO3(^B" ��<
)��	S� 7�A
	�NH2OH . HCl (�	�"<]
����! .	;2��"� �	�2 _

��A;��� /��"0,A, G� 0
1
� �,	
�AB �	.!" �� `�^B" U�<
�Z ��� G� U�I!"� ��]� ���Y� � �<! [\] $.� ����A7� a�"���b"�9 /

��0�.�! �� �	��8	9 -.! � 	� 	�
!� �	��B	c 0
1
� ��� �" 1;^��^�B Q	
�AB �8	9 ��	�� �,	
�AB 0
1
� � 	����L� .�L� L
E�/

�� 1;^��
�� �� �"��,	
�AB d0] /�"�� �"<2" �� 0
1
� IK�> ������B	c 	�" �	�� Je2 �3 �" �\f, �� d0] /�7 G��	��<!	�.

�g"� 
	� 
<��� :��	S� U0
1
� 7�A
G%	�2� "
8	9 U
	�.�3 �U���	

G�<e� 

����� 	
 ��	
 ��	�� ��
���	� ���� �� 	
� �	����	 � !"

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

2�3"0� �� � �0		#�� 4		5$		�-�3�6 ,�		�7��8 �% 9"		-�		:����� "-8

8;
!8"-�# ��$ �'�"�
)Photochemical ( 	'>� 45$�� �� 
"	.

��8�6)�.(,>� ��
�� �	���� !8	# �	)2"@� � �0A"�	# 4	5$ +

��2�� � �0�:�0* �� &% 45$ �B: &"-" 	� �	6� 8�C	:� &D)�E.(

�
F� �� ���� +��"$�CA": � 7��0 G���	;��� � ���� 4	5$ +

��$ 4�6�� &% ��B'6 7��H�)I� �� J���# )�K.(

		�L �0		:�; �� �		���� C		M/
�N		:�0� ��		O �		3 +�PPP 

��/�6 �� Q���C:� Q���/ .R"	A �� �	���� S	6 ��85� 	3 "	-�+

EPPPT�PN:�0� ��O �3 �KPP ��/�6 �� Q���C	:� Q���	/

)E�.(� ������SU	# �	3 8$��� "	-�	3 J	/01� *�V "	�C"	-�

J		/01�+�"		� +X8		#"3 �0		#�� ��		Y� .��		# ��
BO N�		)�

�.- �I��'/� CG�5 � �6�� �L��"Z6 7"5�Y�[��>6 � C*� 
�.R"A �"0:� :"�#�9L��"Z6 !8UZ$�� �9# !"�Z$�� �L�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html


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

��K 

*�V�C"-�+\�+E�+�8$��� ��Y� .*�V �	: SU	#�	0���

";"$ (�/ �
C:� ��8)�P.(/3"]��".0	:� C	3 �	���� !��	- L� 4

� S�"�
���^_� C � ��pH � ���] �����.	2% ���� �` ��� ��

�>�
� �� �
8	$��� �^� "0:�� +)�P.(!�".0	:� S	3"] �	�
SU	# +

�����
&�Mn2+ $"	:% �	3 �	6 C	:� R"A (�/ � �� ��Y�� �

� N:�����Y !"����#).�P(��3�L�� 
3"�)�� ��� ����� C

R"A �	3 a�� �0:� �� "- C	:� �	0*� �"	6 .S�"	# (�� �0	:�

!�"�� ����� !�": �N5* � 8#"3 �	'0� �	���� +�3)Residual(

)]"3 ������!�"�	� L� b	; R"	A �� !8	$"� �	���(�	'0���
 �

)non- Residual) (N			:�� R"			A L� !8			# �8			Y �			����

!�"�� ����(�� 7�".� ���"	: � C��: ��Y� "3 �2� 8$���� 

B�$��
!�"�� 9�0:� +���"� $� ��
 SU# 8$��03 �6 ��� �'0��

 $ ��Y�� 8�6 �8Y�C�.!�"�� �6 Q�� �0:� �� �	����	2"B$� ��

)Sequential extractron (�"$�� !8�R"A �� ��Y�� ����� ��#

SU		# 7��		H �		3 "		-�L"		:�8Y J		/01� 9�		� ���		#)EP.(

a�� "-�!�"�� �����2"B$� ��S�"# 
�: ��� !�"�	� 	���

#�'�"�
�0� 2������ �3 �6 8�#"3�
	� Q"c$� �$�'$ ��8$�	#

 ��3 ��3"10$� &��6 SF ���Y� �#�'�"�
J	/01� 	
��	�� �

�"	6 �3�	� 8	$��)�\.(L�� L� de	O� 	
 	3 �	H"�� f���	Y� +�

��3 R"A &��"$���# R�� �'�,	6 �H"�� �)	:�� � g��	�

a�� "-�!�"�� ����'-� R"A L� ">$% ����� C)�X.(!�".0	:�

 L�!�"�� �����2"B$� ��
L":�8Y "�,6 �H"�� $ g�����	3 L"

 3 &"�L��0Z�)�"Y 7"�eO� "�� ���� �"Z�� L� � d�	]� C	2"F 9

/3"]�L !�".0	:� C	
0��/3"] �	�R"	A �� ("	50$� C"	-�!��	2% 

L��"Z6�� "� �3 �� �8-�)�h(8B� C��:
S
L� ���� �
�

# SU#�'�"�
� SU	# �3
�� �	^� �� �	� 	�� 	# ���
"	3 R"	A N

� L� !�".0:�
C	:� �	)2"@� S3"] a�� +)�X.(���	� �� de	O�

SU# �"5� 9"-
4�6�� 9� ,	6 �	H"�� C	6�F � "- 	3 g��	��+

R"A �% � 7"3�	:� � "- "	- ��	3 ���	*� 
i	.F � (��	 � 4

���� &"�$� C�e:�C:� )�j.(	/6 ��O �3��	
a�� +"	-

 ��Y� 7��H �3 �� ������#�'�"�
��".0� �8YL":����98��6

I)3�� L� 
7�"B� ��Y� +�L� 8$ :2�"B� 9(�/ ���"	�3�6 9�	2% 9�9

;��6� "3 !8# 8$��"-8�; 9����� ��	6� "	3 !8	# 8$��"-8�+	-% 

3�; 9SU#��6� "3 !8# 8$��"-8��	'0� � ��	/B0� +-% )�K9�P9

�� 9�\9�X9�j9�h�EP.(


�"$"��� � ����"�")E\(:��3 ���SU# "-������ J/01�

 R"A �� "-���"��: �5@�� �� �3 +;�l 	
0$ +�	:� �	c��	6 8$8

3�L� 4�P���� ��Y� �'0� SU# �3 ����� 8H�� .����� 8H��

 �6� "3 !��'-�"-8������ � +-% K�TEPR"	A �� 8H�� "	-�

/��Y�3 �6 ��3 �L� 4�� �3��3 �R"	A �� &% &�� "	-��	
,	
"

)����C:� .

: � (���"$�m�)��("�L% ��
Z�SU# �@3�� "-�"	3 ����� 

H��A�:��3 ���� �� R"A 7"�8	$��� ���] .3	��0Z
� +	�&��

R"A �� ����� "-�:��3 ���� ��6� SU# �3 �8���3 .

m$�� 	Y�+� m	�* �	�2)E�(�	)2"@� �� ��� �	3 	
0$ +��	c

:��3 �6 8$8��0Z
� +�SU# &�� "-���� �3 ����� J/01� ��� n

R"A "-�:���# � Q�2 9�C:� .�	���� �	3 �	���� &�� 	� �� n

SU# "-�$":% �3�F� S3"] �01: �3 9"�(�"B� S3"] � 8$�# SF 

��3.

a�� "-�!�"�� �����2"B$� ��!8Z	$ ���8$"0	:� �	- � 8	$�

 ��A o"A a�� p5 �
� a�� !8# qeH� "
�"6 �3 �� &���

��a�� L� � ��3 "	-�8	] 
'�(8	� &��	�� �	3 �	� "	-�
��	3 �

a�� "-�8Y
	� !�".0	:� 8���	# .�0�	3 a�� �"	10$���	3 

,- �0�3�r:"; "3 "-���-"�� ���� � "-���3� &��3 s�0:��� 9

0F����c� a�� 
���� �)�X.(

� � &����
��"			$��)EE(			
H"�			0A� a�� ����			3 �

L":�8Y�SU#"-�� ��	Y �� �	6 ����� J/01� 	�-"�,	>� 

8$��6 �t��� �� 8�0�- .���
"	: geA�	3 a�� +
a�� �"	-�

L":�8Y�,6 �H"�� �eUZ	� �	3 9g����L"	:�8Y �� �	6 �

SU# "-���Y� ����� C:� !8# �Y�� ���� .": ��
a�� �"	-

 �'� &8# SF��6� �� u	�"3 �	���� 7"�3�6 � "-8
"	@A �"	c

����#)�E.(

)�� ���� ���R"A �� ����� C"-�	U-% �s�"	* &"0	:� 

��8		 � 7"		)2"@��� �		0*�� 7��		H 		:C.		/)�e
�� !��L

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html


-.! /���, 5�	6 	� 	'23 4	�,�" � 0
1
� ��	� �! 
	� �" 
�	 ! �� 	��� �	�7 
	�... 

��X 

&��"U'-)��(,-�0�3�3�� N:�� ����� ��Y +��	���� � !"

!�"�� ����3 !8# �	:��!�"�	� �/ �	���"	-��� �� J	/01� 

R"A "-�L
:��3 &L���� 8: ��8$��6 .
3�v��6 �
'	�&")\(

SU# "-�R"A �� ����� J/01� "-�U-% �L
�� &L���� 8: �

w:� a�� �3L�
L":�8Y &��"U'- � �0�8	$��6 .�"	.
�� ��D	$

�6
'�&")�(,-�0�3�3�� N	:�� ����� ��Y +	��	���� � !"

!�"�� ����3 !8# �	:��!�"�	� �/ �	���"	-��� �� J	/01� 

R"A "-�:��3 s�"* &"0:� �8$��6 .

:��3 ��M�� �3�SU	# �"	- $8	)� �	���� ���8	)� �� �L�

R"A �"- U-% �� s�"* &"0:� )���"3 ">$% �@3�� +H��	A�7"

r:"; � R"A �"-���: !"
� "
5 � +��Y� �F�� �3 p�8�% �� .

T�� � �"�� 	�

a���� L� !�".0:� "3 "-�R"	A 	:"�#�&"0	:� J	/01� pO"	�� 

��8)� s�"*\PL� R"	A �$�'$ \P�	: �f	'Y J	/01� ��%�

8		# .R"		A &8		$���� � &��		6 �Z		A L� b		; �		2� L� "		-�

��/��0��3I)�* o��A ��
U�# ��'�"�
L 7��H �3 ">$% 
�

)���8# +:

pH # ���0U2� a�� �3 R"A 	��Z��d"B	#� S	� �� )�K(9

- a�� �3 R"A C*"3��0���8�)h(*�V 9��"6 (�"B� C�$���	3 

"Y a��
��
��$��% "3 �Q�7"0:�)X(2% +3�6 9�	6�� a�� �3�

Re3 �)�j(�8	- 9
�0U2� C
	U�"B	#� !�"�	� �� "	3 R"	A d

�8-
C�0U2� x�:
U��/6 9�	v�A a�� �	3 (�"	)� 7"	�3�6 ,�

:� "3 &��6��/6 8
�8
�)K.(>� !�"�� �� R"A ����� ��85���

		3 !8		# �		:���/DTPA )��(		'�� ��		Y !"�0		:� N		:���

#�(8����"'AA-670 � !L�8$� ���8#.

� �3 �Y�� "3 bw:
��8	)� o��A +���	6 R"	A �	$�'$ 

3��0Z
�� +��	3 � �"	10$� 8�0	#�� y�	* o��A �M$ L� �� d��

"�L%
�$"1/� 4��8�0*�� ���] !�".0:� ���� .�: Q"$�	A�3 ��

* o��A��
U�# ��'�"�
�
R"A +�� "-(�8Y �C:� !8�% .

"�L%
R�/3 q�O 7��H �3 4�"- *�"�� S�"6 ����	U� �: �� 

8# Q"c$�)�����U� �: �� R"A �$�'$ :z")'Y KK&�8� .(

��85��6�&�8/� SA�� R"A �- L� Q���/ �"- 0	:e; �U�E

6��/�
�
��
 �H"�� � �01�
L q�# �3 
�*"	�� &�8	� �- �3 �

8# :�P��$ Q����U�7��H �3 R"A Q�� �� &l��0NH4NO39

�P��7��	H �	3 R"	A Q�� �� �.�* Q����UCa(H2PO4)2 .

H2O9���7��H �3 R"A Q�� �� +-% Q����UFe-EDDHA 9

���7��H �3 R"A Q�� �� b� Q����UCuSO4.5H2O��P

���� Q����U�7��H �3 R"A Q�� �� ZnSO4.7H2O.�H"��

��
�
R"	A �3 (�/ � 7��H �3 y�* 8	# �*"	�� "	- .J�	$

$��"'� � &l��0��"5� 
53 � CZ6 Q"��- �� �H"�� ��$ ��&l��	0

&�8/� �3 Q�">` �0.- �� ��� �*"�� "-
8.

� R"A &�8/� &�� "-$L� a�� N:���@5� �% "3 �8	F �	3 

*�V�8# !8$":� ����� C.�: ��3 �8� !�
� ,]� "
/�L� �	6 ��"

 >� � qeH� ��:{��>� [�6 ��3 � (">$ ��p	'� �� ��	3 !8# �

L� b; � 8# �0#"6 n:"�������3 ��8)� L�� "	- �	��3 �	: �	3 


�4-"6 &�8/� �- �� CA��$
C*" .3%��"�&�8	/� "	- �% "	3 

�$�� �3 � �@5� ��� �6 ��$ ���] 4�� C � !"�8# Q"c$� ��.b;

L��P�"� L� L�� 
� 9CZ6 r�F"$ L� &"-"��% "	3 f	@] �	]�O �

"�� �� &�% �� � �Z0�# �@5��CoK� 78	� �	3 \jC�"	: 

��� �ZA
8.� �ZA &L��!L�8	$� &�8	/� �	- �� &"-" �	���

8# .� �ZA !�"��-"�:% "3 &�8/� �- L� SH"F �!8# ���; �"

�
"	�� �� &��	6 �Z	A L� b	; &% L� Q�� ��CoK� �� 9

"���Co��P 0$": �8	# �0�6"A ���� .�� bw	:���	/�2��	0

�/6
�8
:� ��8�*"	H �
"6 N:�� � SF ("��$ �+	'��� \�

�� &��� �Z0�# L� 8)3 � g"H ]"	3 ����	
"6 |@	: �	3 !8	$"�

*"H�,cF �3 �@5� �% "3 �P��/�2�C	M/
 � 8	# !8$"	:� �0

3 ������:��'�� ��Y !"�0:� �/�)������ +
8.

� �ZA !�"� &L��-"�� �� �	���� CM/
 9	���	Y � !"

 &�8/� �- R"A L� ����� S6)SH"F �� �ZA !�"� &L� ���

 ����� CM/
 (r:"; &���� �3 "-���-"�� 8	# �	0*�� �	M$ �� 

H��A "3�# 7"�'�"�
SU# � R"A "-�#�'�"�
N	3� �	���� 

8# !���.���*� Q�$COSTAT ��3 �)������ +
,- n�0�	3��

:��� 7}�")����� !�".0:� &�
8.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html


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

��j 

��<](.A� �	2 
9A� ��i�S9 �" �� Q	�0�.�! �� �j	�8	9 	�
	��3�� G;�� �	B G� �J*

!�"'# �:�R"A EC (ds m-1)pHs�(%) 2% !�"��(%) CEC (cmolkg-1)CCE (%) DTMn (mgkg-1)

�Q�� �"3% \E/�P/j�Eh/��XEX�\

�w:�&�8 ��/�j/X\�j/\�XEh��

E��:�&�8 XE/P�/j�hE/������X

\��8�' �j/PP/j\Pj/E�P\X�K

�2���+E�/PP/j\��/����j��

K/A�/�EK/P�/j\X�/E��EK��

X/��:�EK/PP/j\K�/����E�\

jQ"�F �"3% KP/PP/j�P\/��jEh��

h!�� �K/�h/XEPh/��XEX��

�P :�6������ "X�/PP/jE�K/��K\h��

�� C#�"Y \\/P�/jE�h/��X����

�� ,#"- �"3% j�/Ph/X�PE/���\\��

�E &l�� ��/P�/j���/������P

�\ &">Y �"3% hP/Ph/XKE�/��E\E�P

�� 3�"I�j/P�/jKPE/���\EX

�K R�� Xj/�P/j�\h/\�P�PX

�X ��"�� hj/P�/j\P�/���\XK

�j S06 XK/P�/j�Eh/���K�K

�h &"0:��: hj/Ph/X�K�/���EjK

�P Q��)� �"3% EK/�P/jK�h/��j�P�

�� `���0 E�/P�/j�j\/�h�h\

�� �B�]��E/PP/j�Xh/��PKE\

*:EC/3"] ��8- C
�0U2� C
U�9d"B#� !�"�� pH�9d"B#� S� a"-CEC*�V ��"6 (�"B� C�$��9CCE�/6 �� (�")� 7"�3�6 ,DTMn ����� 

!�"�� ����:� �3 !8# ��/DTPA��8#"3.

3 L� b; &�8/� �- R"A � C#��� 	� �	2� L� &% !"���	/��	0��

� !��� ��		B�		
 �		$�'$ ��PP		��� ��		3 � C		#���3 &% L� 

"�L%
8# S50�� !"�Z .SU#"-�a�� �	3 R"	A �	- �� �	���� 

� � &����
��"		$��)EE()��		�8		# +.�		
 �		3 �� �		���� a�� +

SU# "-�L q�# �3 J/01� 
�L":�8Y ���8�6.

�.
R"A Q�� �)!8# �ZA &L� s":��3 &�% �� (L��
� +

/; g�V �������/��
"3 � �01�P��/�2��	/6 (�	/ � �0�,

$�7��0P�/P78	� �	3 �}�� EP]��L� 8	)3 !��� &"	U� �	5

�0$":
*"H �
"6 "3 &��6 l�.�+'��� \���� g"H 
� 8	
+

C:� ����� (�/ � ze�"6 SU# 413.

�.]"3 R"A��/F�� L� !8$"��"3�P��/�2�8	: (�	/ � �	0
,

7���		3��0�P��/P�� �}�		� P��/P�}�		� CaDTPA"		3 

�/j=pH 78		� �		3 EP]��L� 8		)3 � !8		# !��� &"		U� �		5

�0$":
*"H �
"6 "3 &��6 l�.�+	'��� \���� g"	H 	
	8.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html


-.! /���, 5�	6 	� 	'23 4	�,�" � 0
1
� ��	� �! 
	� �" 
�	 ! �� 	��� �	�7 
	�... 

��h 

��<]C.	;2 ���0
1
� [\] � IK�> UF�9 ��	� ��� _�8	9 �� 		�
$�;H� 

R"A !�"'# �ZA !�"� &L�(g) ����� CM/
)���UQ�� �� Q���(����� ��Y)��&�8/� �� Q����U(

��X/\E/�PhE
��P/�Pj/�\XE
EEh/�\P/��j�
\E\/\hP/��Kh
�XP/EXP/�hXE
K�K/\hP/����
Xj�/EEP/hE�
jE�/\�P/�E�K
h�j/\jP/���E
�P �X/\PP/�\�h
�� �\/\�P/��Kh
�� ��/E\P/h�j
�E \h/\EP/��Kh
�\ KX/�PP/���h
�� KE/�hP/j�E
�K \P/\jP/�P\X
�X ��/\jP/�\KK
�j �h/EEP/j�X
�h X�/EhP/�P\�
�P XK/EPP/��\�
�� X�/E\P/hE�
�� �h/E\P/�PEX

�
	O �	3 �	���� SU# 413 +	)	� ���	Y J		# ��	!8

�"$�	� !8���#.

E.]"3 R"A��/F�� L� !8$"��: 9�/6 (�/ � "3 �"3 ��$ ,�7��0

P�/P"� 8# !��� �Z0�# �}�� CaDTPA [�"	A R"	A L� 

��# .�
��# �� !�"� +
:� N�8�F� �3 ��"] 	�"��	6� �"-8�

C:� ����� .]"3 R"A �3 bw:�!8$"��P��/�2�(�	/ � �	0

$��0
:� ��8�4	#�Y Q"	'�� L� 8	)3 � 8	# �*"�� �}�� 

2���,cF �3 �@5� �% "3 ��P��/�2�L� bw	: � !8$"	:� �0

�0$":
*"H �
"6 "3 &��6 l�.�+'��� \�8	# g"	H .�	
+

�"�3�6 ����� 413��"$ �� !8���#.

\.]"		3 R"		A��		/F�� L� !8		$"�E"		3 �P��		/�2�(�		/ � �		0

-��6��8��% S�- +���/6��8 	
 8�/P"	3 �}�	� �=pH �	3 

78�EP]���0$": L� 8)3 � !��� &"U� �5
6 l�.	"3 &�� �
"6

*"H�+'��� \�8# g"H .�	
�	6� �	���� 4	13 +�8���

UZ��� S�8-�.

kY� � _�	;2 

R"A �"- "�L% �� !�".0:����� 
��8 � 8]"* 4
��# C�!��	3 

)(�8			Y �(			:� !��8			 � ��)�!�".0			:� S			3"] �			���� L� 

)�\T\��/�6 �� Q���Q���/ (� ">$% ��
!8����# .�� ge0	A�

��� 8#� &����	: !"
"9R"	A �� �	���� ��	Y � C	M/
 �"	- 

2� �3 J/01��� S
d��� +��8#"3 .�	M$ �	3 �	� %	
,	>� 8�	�
+

/�"��u�"3 �6 
��� ge0A� +	
� C	:� !8 	� S	3"] �	���� &��

 R"A !�".0:���8#"3.

"0$
����� ��Y � CM/
 9�ZA !�"� &L� x�	: N	:��
"

R"A �� "-��� J/01� (�8Y �C:� !8# !��� &"Z$ .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html


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

�EP 

��<]).-.! ! l	�� �	�0
1
� m)��8	9 �A7 �� �A7�A.(�	e� ��	'23 m�^2 A)<i�� (8	9 �� 	��3 IY, l	��J

R"A !�"'# MnREAD MnWEAK MnCAR MnOX MnSUM*

�)X/P(h/�)h/�(X/X)�/hE(�/Ej\ )E/\(�/�XK/\�� 

�)j/P(E/E)�/�(K/\)j/Xh(h/EE\ )E/�j(j/XKX/\�h 

E)P/�(E/E)X/�(\/�)�/h�(K/�hj )h/\(K/��h/E�� 

\)P/�(�/E)\/�(�/j)�/h�(h/EPK )�/�(X/�j�/EEX 

�)K/P(�/E)�/�(�/X)X/Kh(j/\P\ )�/�j(\/�KK h/�j� 

K)K/P(E/�)�/�(�/\)P/XX(�/EP\ )�X/��(P/j\�/Eh� 

X)h/P(j/�)X/�(�/�)h/j�(��j )K/�\(E/\��/E�� 

j)�/�(P/E)�/�(\/�)j/h�(K/�E� )h/E(K/hK/�\h 

h)j/P(X/�)j/�(�/�)X/X�(�/�Ej )X/��(K/Kj�/E�� 

�P )j/P(�/�)P/�(�/K)\/h�(h/�jj )j/\(�/��K/E�� 

�� )�/�(K/�)P/�(h/\)E/h�(K/��K )X/\(�/���/�\� 

�� )X/P(�/�)�/�(\/X)\/h�(\/E�� )X/\(\/�Kj/E\j 

�E )j/P(�/E)j/�(�/X)K/jP(P/EE� )j/�K(X/KhX/\�� 

�\ )P/�(h/�)\\/�(hP/K)�/hP(K/��� )E/K(j/�X�/�jE 

�� )j/P(�/�)�X/�(E�/K)Ph/hP(E/��� )h/K(X/�h�/�jE 

�K )�/�(\/E)�E/\(jX/K)X/jK(�/�\\ )�/X(h/��X/�KK 

�X )E/�(E/E)EP/�(h�/�)\/h�(�/�EK )P/�(h/��E/��j 

�j )�/E(X/\)�j/E(j\/\)K/j�(�/��K )E/X(h/hK/�E� 

�h )�/�(�/E)EP/�(E�/X)X/h�(\/�hj )P/\(X/��h/E�� 

�P )j/P(�/�)XK/�(�h/X)�/hP(�/�Ej )E/K(K/�KE/�K\ 

�� )�/�(\/�)X�/�(X�/\)P/jE(�/�XE )K/�E(h/�XK/�Pj 

�� )j/�(K/�)\�/E(PK/�)h/j\(�/��\ )h/h(P/���/�\K 

���$"�+)�/�(hj/�)��/�(��/K)X/jK(K/�K� )P/�P(�/E\�/EPK 

*:��� �3�SU# d�'c� C:�� �3 �` L� n�6� ����� 9����� �"-�8�)� ��O �3 !8# ��Y 9��"�3�6 9�(�/ � � J

SU# "-�	#�'�"�
L"	:�8Y �	���� �� &���� a�� �	3 !8	# 

�
R"A �� ��"$�� "-�� J/01� )�"5�
B�$ ��">$% (��(�8	Y 

E:� !8# !���% C.

"0$
&"Z$ x��8-�)(�8YE(SU# ��85� �6"-��� ����� 

R"A "-����� �)2"@� ���� ���� �L n
� ��8#"3:

(�/ � ze�"6〉!8# ��Y J�)� ��O �3 〉�8��6� 〉〉��"�3�6 

2��'6 S����� �� ��)� ��O �3 � (�/ � ("U#�!8# ��Y J

pH }"3 �R"A "-8B� �
R"A �� &% S�"-U-% �SU# �3�"- 

2eF "3 	� C	:� �	0'6 C.�"	.
��6 � ��D	$ 
'	�&")E(8	B�
S

*��� ����� 7".2�: ,M�� C'�]�R"A �� �"- U-% �&"0	:� 

U	#� �3 s�"*"�"	�3�6 (�	/ � ,	6 (��	6� ��8�a���	� �� 

8$��6 .$"-R�8)��(�� �	���� ,	M�� C'�	] �6 ��6 a���� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html


-.! /���, 5�	6 	� 	'23 4	�,�" � 0
1
� ��	� �! 
	� �" 
�	 ! �� 	��� �	�7 
	�... 

�E� 

pH 3�+XT�/��6� SU# �3�8�C:� .:��8� � &��6 �"	� N

pH 3�+�T�/\� ,M�� C'�] 	
ze�"	6 ("U	#� �	3 �� SU	# +

)� ��O �3 � (�/ ����	6 S	50�� !8	# ��	Y J.����	]��

S�$�)��(�� �)2"@� ����/3"] ���� �	���� 7".2�	: !�".0	:� C

"�L%
Z� � �3 &% &��6 �*"�� "3 �� �3 N
0$ +�	:� �	c��	6 8$8

����Q�* L� ����� SU# �"-�/3"] "3 �Q�* �3 }"3 !�".0:� C"-�"	3 

/3"]�L C��: "3 �0'6 !�".0:� C
�")L� �0'6�\C�"	: (y"	.��

��80*� .R"A �� ����� ,M�� C'�] �"- SU	# �3 �)2"@� ���� 

�"�3�6�C:� .� �3 �Y�� "3
/6 �	U� 	� R"	A ��"	- �	)2"@� ���	� 

U-%�� 9!��3 {
H��A 45$ 8�L�� �� R"A 7"
	3 �	���� f�+

SU# �"- C:� &��"$�� .�
� &"	55 � N	:�� �0U$ +
$ �	� 	� �

C:� !8# a���� .��"Y
b)�h(:��3 ���SU#"-��	���� 

:� R"A 8�` ���8�� �3 
0$ +�:� �c������ ,M�� C'�] �6 8

�6� SU# �3�8����� ��Y� .
3�v��6 �
'�&")\(�	���� ��85�

�"�3�6�R"A �� �"- U-% �L
	3 �� &L ���� 8	: ��+K/\�"	� 

\/��j ��B�	$ 8	H�� "3 R"A Q�� �� Q����U��/��"	�j/EP

8$��6 a���.

+'F�2�8B�)�(�)2"@� ��XU-% R"A �� �3 ��� �� 
0$ +��	c

:���"�3�6 ����� �6 8�.2�: ��8���	Y�� ����� ,M�� C'�] 

UZ� �� R"A ���� S�8-� .����� �L n
��3 �� ��SU	# "	-�

� a���� R"A �� ������8�6 .

!8# ��Y 〉�2% 〉�2�"B� 〉��"�3�6 〉�8�.2�: 

2��7�".� S�"	- "	�L%�� �� !8	# !8-"Z	� 
S	B] 4�	)2"@� �

z}"'0F� ��"F !�"�� a�� �� 7�".� C/� �3����!��3 �"6 �3 

� N:�� !8#
55 � +�� �� !�".0:� ���� a�� � +	
"	�L% +
4

H��A L� 8�` �- C:��A 7"""B$ R
8# S*"
 8.

: � (���"$�m�)��("�L% ��
Z�� �3
0$ +�	:� �c��	6 8$8

3��0Z
� +��6� SU# �3 ����� &���8�C:� .

:��� 7}�")���)� &������)P�/P≤P(3�SU	# +"	-�

3 R"A o��A � ����� J/01� �8�% C:�.

\K/P=�RCCE X�/�–��h=MnCAR  

K/P=�R�)CCE (�\/P+CCE X/�\–K\P=MnOX  

�/P=�RCCE h/X–KX�=MnSUM  

\K/P=�RDTMN \/��+�KX=MnSUM 

,- �0�3��)� �3 ��� ��/6 +��	���� � R"	A (�"	)� 7"	�3�6 ,

�"�3�6�)K�/P=R2(	: N:���&��"	U'- � m�)�h(�	)2"@� ��

�� U-% R"A �$ 8�- �C:� !8# a���� �.3�2% !�"� +�R"	A 

$ �'0� ����� ��,- ��0�	3�	�)� �����)K�/P=�R(a���	�

8#.

,- �0�3��)� �3 ����2% ����� +�� ��	2% !�"	� &���R"	A 

N:��
"�"$"��� � ����"�)E\(8# a����.

:��� N3����$���)� ���� )P�/P≤P(L
3 ��SU	# +"	-�

� N:�� !8# �8Y �����
�� �	���� ��	Y � C	M/
 � a�� +

��- Q�8$�
��:
3 &% "�8�% C:�.

\K/P=�RMnCAR P�h/P+PX/�=MnConc 

\\/P=�RMnSum P��/P+�/K=MnConc 

+MnCAR PEj/PTj/��=MnConc 

�\/P=�R�(MnCAR) \T�P ×E�/�

TMnREAD �/�\+�/�XT=MnConc 

EE/P=�R�(MnREAD) �h/E

\�/P=�RDTMn \/P+E/j=MnConc 

EE/P=�RMnCAR �\j/P+X/�E=MnUP 

TMnREAD E/��+�hET=MnUP 

EK/P=�R�(Mn(READ)) h/��

�P/P=�RMnCAR �/�+X/�\=MnUP 

">$% �� �6MnConc �MnUP��� �3 �Q�8	$� �� ����� CM/
 n

��-�
�:
� ����� ��Y � "�8�#"3 .3 �"B�����"	�3�6 ����� +�

N:�� ����� ��Y � CM/
 "3
	3�v��6 �
'	�&")\(a���	�

 C:� !8# .�:�Y��m$�l)j(� a�����C'�	] �	6 8��6 

� N		:�� !8		# ��		Y �		���� ,		M��		��"		�3�6 SU		# L� !"��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html


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

�E� 

2�"B��C:� !��3 .��3"�3
�M$ �3 +��%
8�"	�3�6 ��Y���	O �	3 

��� �� !�52"3
� ������ 45$ !" .

� m		$�l�m		$" &��"		U'- � �		-)E�(,		- �0�		3�� C		Bv� 

�)������3 �� ��� � ����� +�;��6� "3 !8# 8$��"-8�� +	-% 

� � ��������� �� ">$% &�8$��6 a���� !".

G@�;2 
A�7 

"0$ s":��3
� x
"�L% +
� 4������ ,M�� C'�] �6 C.� &���

 R"A �� "-��"�3�6 SU# �3 �)2"@� ���� �	3 � C	:� �� +	�&��

 �/6 7"�3�6��"	�3�6 �	���� � R"A ,�,	- �0�	3�	�)� �����

���� ��Y� .3 L��SU# +"-�#�'�"�
R"	A �� ��	Y�� �	���� 

U# �"�3�6 S�r:"; "3 (�/ � ze�"6 �"	-��	�-"�,	- �0�	3�

�)� � CBv������8$��� &"Z$ .

,	- �	3 �Y�� "3 �0�	3�	�)� �	3 �����"	�3�6 �	���� +��

r:"; "-���-"���0$ &�����"	�3�6 SU# �6 C*�� �c��	���� 

��� ��
� ��3 45$ !"����
���� .

��	
� ���� ��	=;�" 

�.��}":
��d 9.�.�EKK .1/H"F���R"A .&��>� !"�Z$�� 7��"Z0$� � �"` .oEh�TEhP.

�.�".
�s 9��D$.d.& �.�6
'�&".�EXX.,-�0�3�3�!�"�	� �	���� +�	���	:�3 !8	# �H��	A "	3 a�� x�	; �/�� R"	A 7"

r:"; "-����: !"
R"A �� ""-�U-% �s�"* &"0:� .L��"Z6 &��* � Q�/��BO f3"�� ��)��)\:(K�TXK.

E.�".
�s 9��D$ .d.& �.�6
'�&".*��� ����� 7".2�: C#�$�:�R"A �� �"-U-% �s�"	* &"0	:� .'Z	# 7}"	5� �	HeA�+

� R"A Q�/� !���6
8>Z� 9&��.

\.
3�v�[ 9.& �.�6
'�&".�EXE.L��
SU# f"-�# J/01� �'�"�
R"A �� ����� "-�	U-% �.��"	>` 7}"	5� �	HeA�!�	��6 +

� R"A Q�/�
9&�� &">.H�.

5. Abdel- Rahman, M. E. 1998. Chemical status of Fe, Cu, Zn and Mn in relation to their bearing minerals in highly 
calcareous soils of Egypt. Desert Instit. Bull. 48 (2): 357- 384. 

6. Allison,L.E. and C.D. Moodie. 1965. Carbonate. In C. A. Black (ed). Methods of soil analysis. part 2. Agron. 9. Am. 
Soc. Agron., Madison, WI. PP. 1379- 1396. 

7. Chapman , H.D. 1965.Cation Exchange Capacity. PP. 891-901. In: C. A. Black (Ed.), Methods of Soil Analysis. 
part 2. Agron. 9 . Am. Soc. Agron., Madison, WI.  

8. Cui, D. J. and J. H. Zhang. 1998. Effects of long term fertilization and plastic sheet- covered culture on forms of Zn, 
Cu and Mn in soil and their availability. Acta. Pedologica. Sinica 35 (2): 260- 265. 

9. Day, P.R.1965.Particle fractionation and particle size analysis. PP. 545-567. In: C. A. Black (Ed.), Methods of Soil 
Analysis. part 1. Agron. 9 . Am. Soc. Agron., Madison, WI.  

10. Gambrell, R. P. and W. H. Patrik, Jr. 1982. Manganes. In C. A. Black (Ed.), Methods of Soil Analysis. part 2. 
Agron. 9 . Am. Soc. Agron., Madison, WI. PP. 313- 322. 

11. Gherardi M. J. and Z. Rengel. 2001. Bauxite residue sand has the capacity to rapidly decrease availabillty of added 
manganese. Plant and Soil 234 (2): 143- 151. 

12. Gholamalizadeh Ahangar, A., N. Karimian, A. Abtahi, M. T. Assad and Y. Emam. 1995. Growth and manganese 
uptake by soybean in highly calcareous soil as affected by native and applied manganese and predicted by nine 
different extractants. Commun. Soil Sci. Plant Anal. 26: 1441- 1454. 

13. Halliwell, B. 1978. Biochemical mechanisms accounting for the toxic action of oxygen on living organisms: The 
key role of superoxide dismutase. Cell. Biol. Int. Rep. 2: 113- 128. 

14. Han, F. X. and A. Banin. 1995. Selective sequential dissolution techniques for trace metals in arid zone soils: The 
carbonate dissolution step. Commun. Soil Sci. Plant Anal. 26: 553- 576. 

15. Handreck, K. A. 1995. Forms and extrablity of manganese in potting media. Commun in Soil. Sci. and Plant Anal. 
26 (3-4): 317- 328. 

16. Hewitt, E. G., E. W. Jones and A. H. Williams. 1949. Relation of molybdenum and manganese to free amino acid 
content of cauliflower . Nature 193: 681- 682. 

17. Hoff, D. J. and H. J. Mederski. 1958. The chemical estimation of plant available soil manganese. Soil. Sci. Am. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html


-.! /���, 5�	6 	� 	'23 4	�,�" � 0
1
� ��	� �! 
	� �" 
�	 ! �� 	��� �	�7 
	�... 

�EE 

Proc. 22: 129- 132. 
18. Jackson ,M.L.1975.Soil chemical analysis .Advanced course ,Univ.Wisconsin, College of Agriculture, Dept.Soils, 

Madison,WI. 
19. Jarvis, S. C. 1984. The forms of occurrence of manganese in some acidic soils. Soil Sci. 35 (3): 421- 429. 
20. Lerrich, H. H. and A. H. Wier. 1963. A method of studying trace element in soil fractions. J. Soil Sci. 14: 225- 235. 
21. Lindsay , W.L. and W.A. Norvell .1978. Development of a DTPA test for zinc , iron ,manganese and copper. Soil 

Sci. Soc. Am. J. 42:421-428. 
22. Ma, y. B. and N. C. Uren. 1995. Application of a new Fractionation scheme for heavy metals in soil. Commun. Soil 

Sci. Plant Anal. 26: 3291- 3301. 
23. Marschner, H. 1995. Mineral Nutrition of Higher Plants. Academic Press., Londan. 
24. Miller, W. P., D. C. Martens and L. W. Zelany. 1986. Effect of sequence in extraction of trace metals from soils. 

Soil Sci. Soc. Am. J. 50: 598- 601.  
25. Narwall, R. P. and B. R. Singh. 2001. Solid phase speciation of iron and manganese in alum shale soils studied by 

parallel and sequential extraction. Commun. Soil Sci. and Plant Anal. 32 (3-4): 331- 349. 
26. Peech , M.1965 . Hydrogen ion activity. PP. 914-926. In: C. A. Black (Ed.) Methods of Soil Analysis part 2. Agron. 

9 . Am. Soc. Agron., Madison, WI.  
27. Shuman, L. M. 1979. Zinc, manganese and copper in soil fractions. Soil Sci. 127: 10- 17. 
28. Shuman, L. M. 1985. Fractionation method for soil micronutrients. Soil Sci. 140: 11- 22.  
29. Singh, J. P., S. P. S. Karwasr and M. Singh. 1988. Distribution and forms of copper, iron, manganese and zinc in 

calcareous soils of India. Soil Sci. 146: 359- 366. 
30. Tessier, A., P. G. C. Campbell and M. Bisson. 1979. Sequential extraction procedure for speciation of particular 

trace elements. Anal. Chem. 51: 844- 851. 
31. Tisdale, S. L., W. L. Nelson and J. D. Beaton. 1985. Soil Fertility and Fertilrzers. 4th ed. Mc Millan Publishing Co., 

New York. 
32. Wang, J. F. and Z. Liu. 1999. Effects of nitrogen and manganese fertilizer on chemical form of manganese in  

fluvo-aquie soil. Jiangsu. J. Agric. Sci. 15 (4): 233- 236. 
33. Warden, B. T. and H. M. Reisenauer. 1991. Fractionation of soil Mn forms important to plant availability. Soil. Sci. 

Soc. Am. J. 55: 345- 349. 
34. Yamamoto, M. and Y. Watanabe. 1996. The chemical forms of Zn, Mn and Cu in soils of Sugadalra- Kuogen. 

Japanese. J. of Soil Sci. and Plant Nutr. 67 (3): 279- 284. 
35. Zhang, T. H., X. Q. Shan and F. L. Li. 1998. Comparison of two sequential extraction procedures for speciation 

analysis of metals in soils and plant availability. Commun. Soil Sci. Plant. Anal. 29 (7-8) 1023- 1028. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.10.2
https://iutjournals.iut.ac.ir/jstnar/article-1-651-fa.html
http://www.tcpdf.org

