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

���

��.��	� ��	�.�  /01� �� 
�	� �2�� ��3��
�
4
�	���� ��5� 

67	8�9 :�5.! �� ;�< 6�=>3 ?#@

���� 	A� B C5*
�5B (��.! /�)C � *

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

�B�D$

    �5 ?#@ E�2�� ��	
F ��.� ;2�GH� �5 E��3��
� /01� ��	�.� �5 ��	I(�5    ;�< �	�9 6�=>3 .� 	#7J .K5 � �1J ��� L�7 �� ?�I�� M�5N

 B! ���.� .       �1J ��� �� ����	��D75 ;��F 6� M�	��J /�5E            6P7� 7 �� 
�	P9 ��P� ?��Q � ���� � 
�	9 ���    
	P�+    �� ��.9�P��� 

           B! �	075 �	� 6� ;B� 6� R	35 
	�� � 6��N� ?��.S ?���� .  
	��	 �3�
4
�	�     T�(8� U�V� "�	! WEX   � *W     �5 Y1	Z /�J BF�� 

                 B7BP! 6�	PA5 .�=P15 R�� 
	���� 6� ����	��D75 
5B(�5 �� 6� B7��� 
�	03 /�J ;	I1�� � /�J &�< 67	Z�	� ��3��
� /01 � ��	�.� .

 67� 7 [Q�    �	�� �� 	��	 �3 �5 
�5�.�
	�W  E*W  E\X  E]X  E-X  �^W       ?�.9 ;��F M�	��J L�.! �5 [_ ���  .   �B! �
4 
	���� [Q�  6� 

  �5N��*`     �.9���� .� �.9 )XW   �	(D� �� /3  ( �5B�9 ��
	�+            BP��.9 a��8� �	#IF5 �(�
F �	b�75� 
�	75 �	$ 6��N� c	Z 	� ��.9����  .

          d5.� "b
�� �e� ;�< �	�9 �� �5B�9 .� ��`W]       �5 [_ � B��.9 ?�� `W      ��5�P� �5B75 [� � 
�� EN
b
� E/�J ?f�4 � �.D� � ��� 

  B��.9 /���3 �	�9 .          	P� ��P� g5.8(P�5 "�	e N
b
� � /�J M�5N�5 h�	� 
�	03 /�J ;	I1�� �5 ��	I(�5 6� �5� �	�7 i�	(7DTPA BP!  . ��

�
4          �	 �3 �� 60�(7 /�.(#� ��3��
� /01 6���� 6� 
�	�*W                ��BPC �	P�� �� � 
�	9 ��� ?��Q � ���� 	� a��8� /�J BF�� -W  ��� 

6�B�J ?�� . �	 �3X.� Y1	Z /�J BF�� 	� g5.8(�5 "�	e N
b
� � /�J M�5N�5 h�	� 
�	9 ��� �� ��	�DTPA  �1� EB! �	�� ?!=9 	� 

  �	 �3*W   	� g5.8(�5 "�	e N
b
� � /�J M�5N�5 �� �75B
$ .�Kj3 BF�� DTPA?!5B7  .��� �	�9 /�J "� �5Bk� /�.(���	 �3 �B! �
4 
	�

    ?!5� ��@� /�J ;	I1�� 	� .  /�J ;	I1�� �	 �3 �5 B�� �	 �3 �� �	�9 "� /�J �5Bk�*W .(��� 	��	 �3 .�	� 6� ?�)7 ��3��
� /01 BF�� 

��� .            �	 �3 6� a��.� �	�9 N
b
� "� �5N�� /�.(��� .b�� l.� �5X          ��P� 
�	P9 ��P� ?P��Q � ���� 	� a��8� ��3��
� /01 BF��  . ��

            �5=4 .F	
� &=@ M�5N�5 �� ��3��
� /01 �	 �3 .�Kj3 6� 6@�3 	� L� 0�             �P� .Pf7 6� m�	�9 [� � 
�� EN
b
� E/�J ml.G� �� �  BP��

 �	 �3*W&��V� ��3��
� /01 �5 Y1	Z /�J BF��  �� 5� 60�(7 /�.3�
4
�	�?�5 6(!5� ��5� ��� .

�n5�
	�
B��� : E��5� ��� E��3��
� /01 E��	�.��
4
�	� 	� g5.8(�5 "�	e /�J EDTPAE�	�9 /�J 

6�Bk�

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

 1�* 23     &$)!, 1!'�$�43 +�!'(   	56!7      �8!'# �!�9: �!�;

          &)!* <�!=� �!'> �� 
5?93 ����,�/,  �!�   &�!��'( 	
      �$�!43 �!, 

�.+5"A#�
 B'��� 2, C,�% D�E 	�'A#�
 $ )*	� �%�/*	�3 �%�/*;+�	$�A3 F)�A#�
 ;&�GH.� �I=/. F�JA#�
 

* : �: <5K8:��'#$�I�L� �8� ;M�?�� :arm_melali@yahoo.com

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html


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

���

N�,��  �: ���O 
5*)��( .     D�E 	
 B4>� ��  �$�43 2-	�0 +��

  �: F)�
 ��� 
5* .     P!3 �!.�/0 �� �6!=, $ ��  
5?93  Q�R!:

            D�!E 	
 �!G#  &
5!, S�T 1,�U �'> �� $ &���'(     �� �!��  +�!�

 �4.� MV�A: )'L5�    �: +�	$�A3 MW5RX:    )!*�,)��( .  �!��

D�E  ����  ��Y� �':� ).	
         1'�A!� �	 &�!GT +�	$�A!3 +�!�

�:)/�
)Y( .	
          Z!'E F5!': C[�!/: 2'43 	
 2-	�0 ���Z'# &����  �� 

 &�%��E 249T; &�GH.� ;     
	�
 
5T$ &�"��,	\  $ ]�3 )�( .  ���!IG,

  �$	+��,              �� F
�HI!%� &�!��'( 	
 2!-	�0 �!�� &
5!9# Q�![�,

   �%� ��  ��V3 +��
53;  2, �L$       F
�HI%� ;&
5, �9'U &��( 1'L
 

                +��!, ^!_� $ �8!'# 2��. 2, &$�_: 
	�5: �� +	�'8, 	
 �G#  ��

 F`�$ MW5RX:  �: F
�HI%� +� )#5!*)��( .  $ 	5a!%�?0  &�	�!�9�

)�$b(            �!�  c��Z!�� d0�, 	5�	5/3 �"L 
�,	�3 23 )#
�
 &�A# 

  D�E S�T 1,�U �: ��           �!, B!%�/I: e�!:590 c��Z!�� 	�)_: $ 
5*

:             	
 �!�  
53 &�5/0 2, 
�,	�3 1'8#�I� $ �%� ���R: �"L 	�)_

D�E   �%�	�
 �	 ���  +��.       &�	�!�9� $ )#5!*�3�� +)9X:)f(

    23 )#
�
 &�A#pH D�E         F	�,�!% �?8!# c��Z!�� �!, +)'!%� +��

                �!, ]��gI!%� 1!,�U Z!/J/: $ �H8!� 	�)_: F	�,�% $ ���� c��Z��

AB-DTPA       2I�	 	�3 2, 	�)_: �, B%�/I: �	   
�
 c��Z�� ;   ��  �L$ 

     2, 2I8, ]��gI%� 1,�UpH     
5!, M$�HI: D�E 2'L$�  .  +	5I!%
)�(

                1!,�U �!�  c��Z!�� d!0�, 	5!�	5/3 �!"L 
�,	�!3 2!3 
�
 &�A#

F	�R0  �: D�E +�'(          �!�  +��)'8!3� &
5, �	�
 1'L
 2, 23 
5*

       )!��9# �':h!� �	 F�'( ��'# 
	5: ��  �%� 	
�U �I'��O $
;  �9!- 

���  � ��� 23    �, +�'ih� 	�9'pH     �!%� 2I!*�)# D�E  .  P!� $�  �'!/j

         �: ��  +
��� 	�)_: +$�7 	5�	5/3 F	�,�% 23 
�
 &�A#  23 )*�,

    1'L
 2, eW�9I7�pH    +�	�
 W�, 	�i       �!: F�'($ D�E �, �H/:  )!*�,;

         �!9# 2'.5� D�E 	
 �	 ��� +W�, ��
�_: 
�,	�3 ��L )!/3.  
5!9X:

  +
�, )�(     % 
�,	�3 23 
�
 &�A#         $ 	5!�	5/3 �!"L k!4Ig: l5m

  D�E 	
 F	�,�%         M$�!HI: +�!�
��490 c��Z!�� B?% ���  +��

                $
 �!�� +W�!, l5m!% 	
 �	 
�!�490 ���IA', 23 )* M	\ F�'(

  B'3��)      1!,�U ��  B87 �, D�E &5:�  2'.5� �,��, 	�Gj $ 2%

B'3�� S�T (
59# F)��A:.

             P!3 �!'L V!7 1'L
 2, ��  �#)=: M�?'3�� �43 	5[ 2,   �'ih!� 

    )#	�)# 
5?93 n�	 	
 �#�)/j)�( .          �� �!L  +�!�
53 �!J�
 Q�![ ��

   )/I8!� �'_� e�I?8# ��  249T �� ����> �.�/0 
�)=� �o#;   �!�� �!L$ 

 �: ��
53       	
 �	 �!�  2!49T �� +Z!4� �!.�/0 S�!T �'4,�U )/#�5�

  )/�
 c��Z�� D�E)�( .+�)/'L)��(        
5!9# F)��A!: 
5E C'_X� 	
 

     �L  
�5: pVIE� 23         &�:)!#�	 c��Z!�� �0�, ��  �#)=: M�?'3�� �,

     �: &���'( 2��q� 	
 
�5: ���
5* .        B?!% F	�,�!% F��9� 2, �L  F
�:

    ��  S�T $ 
��490 c��Z��; Z/J/: ;        F�!'( 24'%$ 2, P'%�I� $ +$	 

 D�E 	
  �: ���  +��   
5!*)f(  P!�    &�	�!�9� $ �!j �'!/j)��(

        � �:�
 
53 �, ��  M�HL5% pVIE� )#
�
 &�A#     n!�	 	
 ���Z8, �'ih

�%� 2I*�
 ���  D�E 	
 r5(	5% F�'( ��  
5?93 .

       ��  �'LV7 c��Z�� �GT �L  +��
53 �� F
�HI%�  M�?'3�� 

�#)=: �:     )*�, )'H: )#�5�)�( .�/>+��%      ^!%5� �!L  +��
53 

             M�!"#�E	�3 	5!�	5/3 �!"L $ F	�,�!% 1'?U �� �#)=: M�?'3��

  �: ��  S$\   &)* MV3 d0�, )#�5�       �!�  �!'LV7 c��Z�� $ 

	
     
5* �L  
�5: �, c/3�$ �i�.  �!,         �!%�I%
 �!'4,�U 2!, 2!T5�

   �L  +��
53)/#�:  �:�
 
53  $  P�      M�=��!- &�$��� ��
�_: �'/j

       	5A3 +��% 
W5� n��/. ��  +$�7 &5!s9�   $ F	�,�!%   �!"L

	5/3      &�GH!.� �!�  S$\ 2#�E	�3 	5�       �!GT �,5!E 1'8!#�I� ;

�/>+��%    ̂ !%5� �L  +��
53           �!�  c��Z!�� $ M�=��!- �!�� 

   
	�
 
5T$ D�E <54X: .       ��� �� �?%�/: p54g: �J�
 M	�?0 2,

 �: M�?'3��     �L  +��
53 �'H'3 c��Z�� �9- )#�5� $     2!, t93 

  D�E +Z'g4.�7 
5?G,��;   I?8!# �*$	�, e�      2!��q� 1�A!: &��	� 

     )��9# <�I/3 D�E 	
 �	 ��  .    ��� 	
 ��Lc�$`��/> +��!% $


  L  
53 2#59#�;  +$�!( 
53 $   �!%5a93 �!:	$     �!, +$�!( 
5!3

        3 +��%
W5� 	5�	5/3 �"L $ F	�,�% B'3��$
 �� F
�HI%�� 2#�E	

  &�GH.� ��  S$\            c��Z!�� �!, �!G#  �'ih� ua% $ ���( r�"#� 

      �!'H'3 $ 
�!�490 c��Z!�� $ �!L  +��
53 ]��gI%� 1,�U �� 

)* �%	�, M	\ F�'(.

p�� � �5��	�

   L ���'9'* 2�Z"� v��I#        
	5!: +��% 
W5� F	�,�% $ 	5�	5/3 �"

            r�!"#� &�GH!.� �!�  S$\ +Z3�: F�JA��:�  ^%5� 23 F
�HI%�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html


�.��	�� ��	�.� ��� 
�	� �
4 �� 
�	� �2�� ��3��
� /01��5�...

��f

 ��B@* .��3��
� /01 ��	� �! 6�N03 i�	(7

B'3�� 	�)_:(%)B'3�� 	�)_:(%)

Fe2O3
�/YYMnO��/�

FeO��/�bZnO��/�

CaO��/�V2O5�f/�

SiO2��/�S��/�

MgO�Y/�Na2O��/�

Al2O3��/�K2O��/�

P2O5�f/��L.O.I ��/�

� . Loss on ignition

 ��B@\ .��	�.� ��	� �! 6�N03 i�	(7

B'3�� 	�)_:(%)B'3�� 	�)_:(%)

TFe��/��V2O5��/�

FeO�f/fP2O5f�/Y

MnOY�/YAl2O3f�/�

SiO2b�/�S��/�

CaO��/��ZnO��f/�

MgO��/�Na2O�f�/�

 ��B@+ .��	I(�5 ���� 
�	9 ��� ;	G8��*

2#59#pHECeNCaFeZnMnCuPK

dS/m----->%<-----<---------------------Mg/Kg----------------------->

�:�
 
53��/��/���/���/��/���/�fY����b����f��

�:	$�:�
 
53 �%5a93f/f�/��f/����/��/f��/�����/f���f����

� . M�Z4� �o4> Cu, Mn, Zn, Fe �, ]��gI%� 1,�U cg, 2, p5,�:DTPA�: �.�/0 ��� )*�,.

  F)*)<$)T�   $ � ( �: &�A#        	5!�	5/3 �!"L$ F	�,�!% 23 )�


             P'8!43 �GT5!� 1!,�U ��
�!_: +$�!7 �!�  �, F$V0;  P�Z!'/: ;

r5'/':5L ; P'8'4'% ; Z/J/: ; +$	 ;   �.�/0 $ �H8�   �: �J�
  )!*�,;

             �'qI: 
W5� )'L5� �$	 $ ��  �/% �5# 2, 2I8, �G#  ��
�_: 23

�%�)�Y(.

	
    c��:�  ��� �/>+��%   ��L  
53 $
   +$�( 
53  $    �!:	$ 

�%5a93 +$�( 
53) <$)T�(          �m!% 2!% �� F
�HI!%� �!,�  ;�

$��             	5!�	5/3 �!"L $ F	�,�!% M�!?'3�� �� �L�E ��  ).	


   $ ��  S$\ +��%
W5�             F�!: 2!% �![ +	�!"� �!�  M�HL5!% 

 2#59# &)#�,�5E             �!��( 	��!U �!%	�, 
	5!: ��!�� +�!:
 	
 �� .

2#59#  &�)4( 	
 p54g: +��    �!'��O �!, ���!��   	��!U r�(5!4'3 

    2#59# �,5[	 &)#�,�5E &�:� �[ $ )/I��(�, ��  	
 �!#�$ �$	

     )* 2I*�
 2J# 20	Z: �'��O )7 .         1!.�5� 	
 M)!: �!�� �![

  �#�:��  ;��  ;��;Y�  ;��  $b�          �!� �� c��!:�  �$�!* �� �$	 

 2#59# &�)4(         ;��  �.�/0 �''=� �GT $ )* �*�
�, �0�� +��

   �!, ]��gI!%� 1,�U Z/J/: $ u: ;+$	DTPA    c��!:�  
	5!:  

 )/I��( 	��U .e�/9-   2!#59# 	
          +�)!I,� 	
 �!%5a93 �!:	$ +�!�

   &�)!!4( �!!� 2!!, c��!!:� ���  u/!!T �� �3�!!E r�!!3 
)!!0 

Eissenia foetida  �A!( 2��!-� Z'# ;    2!#59# $ �!,5[	 �!H7 

+	�
�,     &�)!4( ��� 	
 �3�L� �5� )#$	 C,�m: +)=, +��   Z!'# �!�

 ���( M	5. .     F	�R0 1,�U �.�/0 ���% $ ��    �, +�'(DTPA

    �!!9L� �'3�!!� <)!!: �!!9�� S�!!T F�JI!!%
 24'!!%$ 2!!,���A

F��)#�)#)* +�'(.

  ua%         �'( 
��490 $ �.�/0 S�T +$	 �, M�?'3�� ��� �i� F

     ���3 1J/'% PU	 M	\f�Y          �!, ��
�R!� eV:�3 l�[ t� 	
 Y

   2#�g4( ^���* 	
 	����  )* 2=L�m: +�;      23 M	5. ��� 2,  <
�=:

��   	�I�� 	
 �� )�f        D�!E r�(5!4'3 �!, 
53 r�( (   +�!�
53 �� 

 &�)4( 	
 &5'%�,5�#� ^���* 	
 F)* �/>  +�!��   �!, �:�(5!4'3 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html


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

���

 ��B@] . ��	� �! �D�N�� ;	�F�GZ �Z.��	#IF5 �(�
F �	b�75� 
�	75 �	$ 6��N� c	Z\

���,pHECe OMN٣CaCOFe Zn Mn CuP K 
dS/m<---------%---------><--------------------Mg/Kg--------------------->

١SCL�/�f/��b/���b/��/���/��Y/�f��/��f�Y

�.Sandy Clay Loam 

� . M�Z4� �o4> Cu, Mn, Zn, Fe �, ]��gI%� 1,�U cg, 2, p5,�:DTPA�: �.�/0 ��� )*�,.

��B@X. 6b7 �	�� � 	��	 �3 .K5 [7	��5� 6�N03 /�J �5Bk�.� 
�5�(mg/Kg)	� g5.8(�5 "�	eDTPA

M�=,�: �'J#�': +
��  2T	
 M��''q�

∗∗�����bb � 	�9'�

∗∗��fbff � &�:�

** : <�9I7� �m% 	
� %�
 �/=:�%� 	.

            &�GH!.� �I=/!. F�JA!#�
 +	�!#� F�j 20	Z: D�E) <$)!TY (

             )!�
�( �A!3 M	\ F�!'( $
 &�)!4( �� 	
 $ p54g: .   �� u!�

  �*�(f�  r�)#� �$	             �� )!=, $ )!* �!*�
�, F�!'( ���5� +��

 �.�/0 13 �o4> F�'( tAE &�$ $ <5[ �''=�Cu; Zn; Mn;

Fe     F�'( �I83�E 	
   �� S�T F�JI%
 �� F
�HI%� �, �'3�� <): �9

  �9L����A F��)#�  )* +�'(       r�# �� F
�HI%� �, 1.�7 v��I# $  	�Z��

SAS���( 	��U +	�:  1'4X� $ 2�Z"� 
	5: .

hH� � i�	(7

T15 ( 	� g5.8(�5 "�	e /�JDTPA

   F
�
 u#��	�$ 2�Z"� v��I#  �: &�A# ��    $ ��	�9'� �i� 23 )�
 &�:�

2J#    �!, ]��gI!%� 1,�U ��  �, +	�
DTPA  �m!% 	
 �  )!.	
 

�/=:   �%� 	�
)<$)T� .(   2J# &�:�$ ��	�9'� �'ih�    �!�  �, +	�


 	
 ]��gI%� 1,�U<$)T��%� F)* F
�
 &�A# .

  	�9'��          d!0�, +$�!( 
5!3 �!, F	�,�!% �� �L�E ��  ).	
 

      �, ]��gI%� 1,�U ��  c��Z��DTPA      �%� F)* &�:� 	�( �i� 	
  .

   	�9'� �L$��        	�,�!% �� �L�!E �!�  ).	
       	
 �#�)!/j �'ih!� F

     �%� 2I*�)# ]��gI%� 1,�U ��  c��Z�� .eW�9I7�     �!�� 1!'L
 2,   2!3

       $ �#)=: ��  &
�3 2�V3 �GT �i5: M�?'3��     �!�  2, &  1�)?�

      �: 
$)X: �L  +��
53 	
 ]��gI%� 1,�U  P� $ )*�,   1'L
 2, �'/j

 F	�,�!!% 	
 &�$��!!� t!!�  
5!!T$)�/�� )!!.	
 CaO( c��Z!!�� ;

  9'� 	
 F	�,�%    �� c'!, +��	��     �!�  c��Z!�� 	
 +�'ih!� )!.	
 

    �%� 2I*�)# p54g: ]��gI%� 1,�U .e�/9-   �!%5a93 �!:	$ 	�9'� 

  �/=: M$�H� Z'#           �!o# 2!, $ 
�)# &�A# �%5a93 +��	�9'� �, +	�


�:   	
 )%	 �!/> +��!%      F)!/��Z�� �'ih!� �!�
53     �!%� 2I!*�)# +� .

����,�/,�/>+��%      	�9'� 	
 F	�,�% �, �       &�!:� 	
 )!.	
 b�  �$	 

�: &)#�,�5E)*�, 2I*�
 �Ag, ���-	 2"'I# )#�5�.

   	�9'� 	
�               �!i� 	
 	5!�	5/3 �!"L �� �L�!E �!�  )!.	
 

      �, ]��gI%� 1,�U ��  &�Z': &�:� �*�(DTPA   2!I��� c��Z!�� 

�%� .e�.5RE           1!,�U �!�  &�Z!': �%5a93 �:	$ +��	�9'� 	
 

   �IA', ]��gI%��:   �: �o# 2, ;)*�, r�3 )%	     �!�� 	
 �3�E +��

              1�!* 2!, ��  �H7 �� $ �#)=: ��  �'LV7 c��Z�� 	
 	�9'�

2I*�
 �?�: c_# 
53 	
 ]��gI%� 1,�U)#�.

  �m%��           &5!:�  C!?[ 	5�	5/3 �"L �� �L�E ��  ).	
 

LSD  �/=: M$�H�          c��Z!�� d0�, $ 
�
 &�A# )��* 	�9'��, +	�


    ]��gI%� 1,�U �� )*; 2, +	5[     ]��gI%� 1,�U ��  ���IA', 23

   $ �%5a93 �:	$ 	�9'� 	
 
$)7 &�:� 	
��2, �$	  ;):  �%


eW�9I7�2J# &�:� �IA', c��Z�� �� +	�
b�c��Z�� d0�, �$	 pH 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html


�.��	�� ��	�.� ��� 
�	� �
4 �� 
�	� �2�� ��3��
� /01��5�...

��b

��
��

�. 
�	


 �
�


� 
� 

��
��

� �
�� 

�
��

 �
��

�

 �

� �
��

�
(m

g/
K

g)
��

��
� 

 
��!

�� 
�

��
"

D
T

PA

A
W

A
A

S 2
W

A
S 2

A
S 1

W
A

S 1
A

K
2W

A
K

2
A

K
1W

A
K

1
A

C
2W

A
C

2
A

C
1W

A
C

1
��

��

�/
��

�/

�

�

��

��

�


�
��


�
��


�
�




�

�/
��


�
�

�/
��

�/
��

�/
��

�/
��

�/�

�/

�

�/
�


�

�


�
��

��
�

��
�


�
�


�
�

�/

�

�
�/

��
�/

�

�/

��
�/

��
�/

��

�

�/

�

�/

�

��
�

��
�

��
�

��
�




�


�
�

�/
��

�/

�

�/
��

�/
��

�/
��

�/
��

��

�/
��

�/
��


�
�


�
�


�
�

�

�

��
�


�



�/
��

�/
��

�/
��

�/
��

�/
��

�/
��

��

�/

�

�/
��


�
��


�
�


�
�

��
�

��
�


�
�




�


�
�

�/

�

�/
��

�/

�

�/

�


�

�/
��

�/
�






�

��
�


�
�

�

�

��
�

�

�


�
�

�/

�

�
�/

��
�/


�
�/

��
�/

��
��

ef 
/




ef �/
��

a

�

��
a


�
��

b
�


�
b

�

�

c
�


�
cd


�
�

de




�
de

f
�/

��
ef �/

��
f

�/
��

ef �/
��

ef �/
��

�
��

���
� 
 .

�
��

���
�

�
��

�
��

�
� �

� 
 !

" #
$%&

  
�

%'%
( 

)
*

+,
 '

( 
�

 %
 �

.�
�/

LS
D

 &
$�0

  
1

2�
34

5
67

� 
5

� '
%(

�8
 &

69
)

��/
��

 L
SD

1%
= 

.(

A :
   

   
  �

2�
= 

(.
>

C :
   

   
  ?

'�
8�

,
K :

   
   

  '
.4

'.
6> 

�
@

A
S :

   
   

  �
�/

 1
�3

A.
,

W :
   

   
  B

,.
CD

> 
5

�'
2


 :
 '

�D
�4

%�
   

   
  E

A�F
 �

�/
 

� :
 '

�D
�4

%

�

E
A�F

 �
�/

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html


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

���

0

100

200

300

400

500

600

0 20 40 60 80 روز100

M
n(
pp
m
)

0

20

40

60

80

100

120

0 20 40 60 80 روز100

M
n(
pp
m
)

0

100

200

300

400

500

600

700

0 20 40 60 80 100
روز

M
n(
pp
m
)

(a) (b) (c)
"D!*.  	� g5.8(�5 "�	e N
b
� ;5.��>3 DTPA m�	�� 	� a ( E��	�.� �	 �3)b ( �3 � ��3��
� /01 �	)c (/�J ;	I1�� �	 �3 . "D! .� ��

6� �qr�;�	�� 6(�� �	��5 B75:���� 
�	9 ��� ?��Q ��*�E����  ?��Q � +X %/�JvvvE����  ?��Q � +*W %/�J���E


�	9 ���v*vE 
�	9 ���  +X %/�J__E 
�	9 ���  +*W %/�J���.

<54X:�# M�?'3�� S5%	 $: ��  ���
5*)��( .

      e�I?8# c��Z�� d0�, ��  M�HL5% �� F
�HI%�    1,�U ��  )�)* 

 p54g: ]��gI%�           �!�  &�!:� �!*�( �, 2j�( ;)* +
53 +��

   ���� c��3 ]��gI%� 1,�U;   �: �o# 2,        1!'L
 2!, F)�)� ��� )%	

  �: �#)=: B'3�� ��� ��  
��� �'LV7  �!*�( �i� 	
 23 )*�,

         8!3� 1�!* 2!, �!�  �'?�� �, &�:�   P!3 +��)'8!3$	)'�$ ��)'

      �: 2I%�3 &  ]��gI%� �'4,�U �� <54X: P� ;
5*  �!'LV7 �'/j

    
5!3 &)!#�,�5E F	$
 2!'L$� 1!7��: 	
 ��  M�HL5% +W�,pH 

               �!�  �!'?�� $ &�!:� �*�( �, 23 �%� F
�
 c��3 �	 p54g:

 <54X: pH e�"�	)� Z'#�%� 2I��� c��Z�� .

& (� g5.8(�5 "�	e [� � 
�� EN
b
� 	DTPA

   +$�7 +��	�9'��             �!, p5!4g: F	�,�!% �� �L�!E �!�  ).	
 

             Z!/J/: c��Z!�� 	
 �	 2!"'I# ���IG, +$�( 
53 �%5a93 �:	$

    �, ]��gI%� 1,�UDTPA  )#
�
 &�A# )1�*� .(    �	 c��Z!�� �40

�:      F	�,�!% B!'3�� 	
 
5!T5: Z!/J/: 2, &�5�)   &�Z!': 2!,��/�

).	
( 
�
 �?8# .  	
�/>+��%   � F
�HI%� �,       	
 	5!�	5/3 �!"L �

   +$�7 +��	�9'���           2!"'I# ���!IG, 
5!3 �, p54g: ��  ).	
 

2, ):  �%
 .      2!, �?8# +�I93 	�)_: 2, 	5�	5/3 �"L �� F
�HI%�

    F	�R0 1,�U Z/J/: F	�,�% +��	�9'�      2!, 2!3 ;
�
 c��Z�� �	 +�'(

              	5!�	5/3 �!"L B!'3�� 	
 
5!T5: Z/J/: &
5, �I93 1'L
)  2!,

  &�Z':��/� ).	
  (:� )!*�, .         	�!9'� 	
 Z!/J/: &�Z!': ���IA!',

  +$�7��       �!%5a93 �:	$ �, p54g: 	5�	5/3 �"L ��  ).	
 

�:)*�,;  eW�9I7� 23         r�!3 �!'L�=� 1!'L
 2!,       �� +�'(5!4T $ �!�

�: Z/J/: S5%	)*�,.

e�/9-          	
 +Z'j�!# c��3 	5�	5/3 �"L +$�7 +��	�9'� 	
 

       �H�� <$� 2IH� )/j �� u� ]��gI%� 1,�U Z/J/:  2!, ;�%� F
�I�� �

 �: �o#        2!, 	�!9'� �!�� 	
 ]��gI%� 1,�U Z/J/: �L$Z# )#$	 )%	

M��''q� 1'L
 pH   Z!/J/: c��83� �� $ S5%	 $II $ III  2!, IV

�:    Z/J/: 23 )*�,IV �:    �#�3 M	5. 2, )#�5�     <5!4X: P!3 +��

)/3 S5%	)�(.

             
5!, )��!* �� �!I93 ��	�9'� 2'43 ]��gI%� 1,�U +$	 &�Z':

)�
F
    �%� F)A# F
�
 &�A# �� (      +��	�9'� ;��	�9'� 2I%
 �� 	
 $

      �: &�A# +�IA', +$	 &�Z': �%5a93 �:	$  eW�!9I7� ;)/�
   2!, 

            P!� $ 2I�	 	�3 2, M�?'3�� 	
 +$	 �o4> &
5, P3 1'L
  �'!/j

         F)!�)� �!�� &5'!%�,5�#� &�:� 	
 +$	 �Xm% S�T $ S5%	

   r�3 $ �%� F
�I�� ��H�� 	 �!H7 	
 �3�E +��   S�!T 1!,�U +$

  2I*�
 �i5: c_#)#� .     �!: F	�,�!% �9- 	
      c��!3 B?!% )!#�5�

              	
 S�!T c��Z!�� $ +)'!%� e�)�)* D�E 	
 F�'( +$	 S�T


5* ��/E e�
$)7 D�E)f(.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html


�.��	�� ��	�.� ��� 
�	� �
4 �� 
�	� �2�� ��3��
� /01��5�...

���

. ��B@`.  ;�< �	�9 "� /�J [7	��5� 6�N03 (mg`/pot) �� 

 
�	9 ��� 
	��	 �3

M��''q� n?/:+
��  2T	
M�=,�: �'J#�':

	�9'���∗∗�����

�mEY�∗∗bbY

∗∗ : <�9I7� �m% 	
�%�%� 	�
 �/=:   .

��B@,.  �.D� � [7	��5� 6�N03 (gr/pot) 
	��	 �3 �� ;�< �	�9 


�	9 ���

M��''q� n?/:+
��  2T	
M�=,�: �'J#�':

	�9'���∗∗Y�/f

�mEY�∗∗���/�

∗∗ : <�9I7� �m% 	
%��%� 	�
 �/=: .

��B@^.b7	��  �.D� � /�(gr/pot) ;�< �	�9 /�J "� �5Bk� � (µµµµg/pot)
�	9 ��� 
	��	 �3 �� 

AW A AS2W AS2 AS1W AS1 AK2W AK2 AK1W AK1 AC2W AC2 AC1W AC1 	�9'�

ef/� eY/� ab�� aY/�� abb/b ab�/�� ab�� bc�/b cd�/� cd�/� cd�/� db/f e�/� �deY/f 
��490

f�b� f�fb b��� a�f� ab�Y� ab��� bcY�b cdYY� de�bf deY�f de�b� deY�� e�ff deY�� F�'( ��  

� .�'J#�!!': +�!!�D�IA!!: Q�!!7 t!!� 1U�)!!7 +�	�
 ; �m!!% 	
 � % &5!!:� LSD )!!U�� M$�!!H��!!/=: �!!: 	�
�, ;)/!!* )��/� LSD1%=  $ 
�!!�490

�/��LSD1%=F�'( ��    .(

A :    +$�( 
53C :    F	�,�%K :    	5�	5/3 �"LS :    ��  M�HL5%W :    �%5a93 �:	$� : 	�9'�%�    �L�E ��  � : 	�9'�%��  �L�E ��  

  �!, ]��gI!%� 1,�U u:DTPA   	�!9'� 	
 ��   �!"L )!.	
 

        S5!4m: 2!"'I# +$�( 
53 �, p54g: 	5�	5/3    �!%� F
�
 +�!� .

e�/9-                 1!,�U u!: &�Z!': 	
 2!'L$� c��!3 t!� ��	�9'� 2'43 	
 

�gI%�    eW�9I7� 23 )* F)�
 ]�        �R!/0 ��� �Xm% S�T 1'L
 2, 

�:)*�,.

g ( ;�< �	�	�9 �.D� � � "� /�J ;5.��>3

  F
�
 u#��	�$ 2�Z"� v��I#�: &�A# ��     �!/> +�!�
53 �!i� 2!3 )�


                 �m!% 	
 tA!E &�$ 
�!�490 $ F�'( ��  13 	�)_: �, F)*�

 �/=: ).	
   �%� 	�
)<$)Tf $ � .(    !* �/> +��
53 �'ih�   �!, F)

 	
 F�'( 
��490 $ 13 ��  	�)_:<$)Tb�%� F)* F
�
 &�A# .

  k!!4Ig: l5m!!% 	
 	5!!�	5/3 �!!"L $ F	�,�!!% +�!!�	�9'�

�/>+��%  �/=: M$�H�     )/I!*�)# P� �, 	�
;         �!43 	5![ 2!, �!L$ 

       �!GT 	5�	5/3 �"L �� F
�HI%� �!/> +��!%;     +��W�!, 
�!�490 

    �%� 2I*�
 F	�,�% 2, �?8# .   �HL5% 	�9'� ZT 2, ��  M;   	�)!_: 

          	�9'� 	
 tAE &�$ 
��490 $ F�'( 13 �� ��     �!"L )!.	
 

      
5, �IA', ��	�9'� ���% 2, �?8# 	5�	5/3;    +	5![ 2!,    	�!9'� 2!3

        �!, p54g: +$�( 
53 �%5a93 �:	$��      �L�!E �!�  )!.	


   �/=: M$�H� 	5�	5/3 �"L        $ F	�,�!% +�!�	�9'� �, 	�
�   )!.	
 


�
 &�A# 	5�	5/3 �"L.

� (� ;5.��>3;�< �	�	�9 �� "� N
b


   F
�
 u#��	�$ 2�Z"� v��I#  �: &�A# ��    �i� 23 )�
�/>+��%  
53 

              �m!% 	
 M	\ F�!'( Z!/J/: 1!3 	�)!_: �,%�  �!/=:    �!%� 	�


)<$)T�� .(         F�'( 13 Z/J/: 	�)_: �, F)* �/> �L  +��
53�'ih�

 	
<$)T���%� F)* F
�
 &�A# .

       2!, p5!,�: F�!'( 1!3 Z!/J/: &�Z!': ���IA',�   �!"L )!.	
 

     �: +$�( 
53 	�9'� 	
 	5�	5/3   ����W�!, +�	�
 	�9'� ��� 23 )*�,

    �: F�'( 	
 Z/J/: �o4>)*�, .          &�Z!': ����W�!, 	�!9'� �!�� �� )=,

                    1!'L
 2!, 2!3 )!* F)!�
 �!�  M�HL5!% 	�9'� 	
 F�'( 13 Z/J/:

     �: 	�9'� ��� 	
 W�, 
��490           	
 Z!/J/: +W�!, �!o4> 2!# $ )*�,

F�'( . '� 	
  	�9�        	�!9'� �� �I93 F�'( 13 Z/J/: &�Z': F	�,�% ).	
 

��           
��490 &
5, �'��� 1'L
 2, 23 
5, F	�,�% ).	
 �:)*�,.  2!,

   S5!4m: �43 	5[             $ Z!/J/: �!o4> &
�!, W�!, 	
 	�!9'� ���!�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html


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

���

��B@*W. ;�< �	�9 "� N
b
� [7	��5� 6�N03 (mg/pot)
�	9 ��� 
	��	 �3 �� 

M��''q� n?/:
��  2T	
+M�=,�: �'J#�':

	�9'���∗∗Y��f�

�mEY�∗∗�ff�

∗∗ : <�9I7� �m% 	
%��%� 	�
 �/=: .

��B@** . �.D� � /�b7	��(gr/pot) ;�< �	�9 N
b
� "� �5Bk� � (µµµµg/pot)

AW A AS2W AS2 AS1W AS1 AK2W AK2 AK1W AK1 AC2W AC2 AC1W AC1 	�9'�

e�/� eY/� ab�� aY/�� ab�/b ab�/�� ab�� bc�/b cd�/� cd�/� cd�/� db/f e�/� �de�/f 
��490

e��� e�f� bcd�b� bc��� cd��� bcd�f� cd��� bcd�b� afb� b�f� bcd��� dc��f d��� cd��� F�'( Z/J/:

� .�'J#�': +��D�IA: Q�7 t� 1U�)7 +�	�
 ;�m% 	
 � % &5:� LSD )U��  M$�H��: 	�
 �/=: �, ;)/* )��/� LSD1%=  $ 
��490�/bf

LSD1%=F�'( Z/J/:  .(

A :    +$�( 
53C :    F	�,�%K :    	5�	5/3 �"LS :    ��  M�HL5%W :    �%5a93 �:	$� : 	�9'�%�    �L�E ��  � : 	�9'�%��  �L�E ��  

             F)!�
 	5!�	5/3 �!"L �, F)* �/> +��	�9'� 	
 
��490 c��Z��

�:
5*.

60�(7
.�9

   F	�,�% c��Z��     �� c', +��	�9'� 	
�     c��Z�� 	
 +�'ih� ).	
 

        $ �%� 2I*�)# p54g: ]��gI%� 1,�U �� �/>+��%    F	�,�!% �, 

   	�9'� 	
�     &�:� 	
 ).	
 b�     �!: &)!#�,�5E �$	     2!"'I# )!#�5�

        )*�, 2I*�
 F	�,�% ��W�, l5m% 2, �?8# �Ag, ���-	 . �m%

��               1!,�U �!�  ���IA!', 	5!�	5/3 �!"L �� �L�E ��  ).	
 

    $ �%5a93 �:	$ 	�9'� 	
 �	 ]��gI%�  
$)!7 &�:� 	
�� �$	 

 
�3 
�"�� .        	�!9'� 	
 Z!/J/: &�Z': ���IA',��      �� �!�  )!.	
 

      2, �%5a93 �:	$ �, p54g: 	5�	5/3 �"L   eW�9I7� 23 ):  �%


r�3 �'L�=� 1'L
 2,�: Z/J/: S5%	 �� +�'(54T $ ��)*�,.

   ��  M�HL5% 	�9'� ZT 2,; !3 ��  	�)_:    
�!�490 $ F�!'( 1

     	�9'� 	
 tAE &�$��          
5!3 �!, p5!4g: 	5�	5/3 �"L ).	
 

          
5!, �IA!', �!�	�9'� ���!% 2, �?8# +$�( .     l5m!% �� F
�HI!%�

    �GT F	�,�% k4Ig:�/>+��%  �/=: M$�H�       �� )��!* �!, +	�


 
�)# &�A# F�'( 13 ��  	�)_: �o# .�: �o# 2,S54m: )%	  ���!�

      �o4> &
�, W�, 	
 ��	�9'�         ;
�!�490 c��Z!�� $ �!� $ Z!/J/:

 +��	�9'��/>+��%�: 	5�	5/3 �"L �, )/*�,.

��	
�������	I(�5

� .���*�;�  .����.�/>+��%��  �#)=: M�?'3�� ^%5� �L  +��
53  .D�E ;)*	� �%�/*	�3 2:�# &����&�GH.� �I=/. F�JA#�
 ;�%�/* .

�.+	5I%
; �  .���� .  +)'83� 2I%5� �i�;�	5/3 �"L     M	\ 
�!�490 $ )!*	 �!, &�GH.� 
W5� $ ��  S$\ M�"#�E	�3 F	�,�% $ 	5

���  D�E t� 	
 .;)*	� �%�/*	�3 2:�# &����D�E  ;�%�/* ;+�	$�A3 F)�A#�
&�GH.� �I=/. F�JA#�
.

�.�/�
	W�%;�  .� .���� .+Z'g4.�7D�E  .&��G� F�JA#�
 M�	�AI#� ;PA* ��j.

Y.�/�
	W�%;�  .� .r $ .+)GI":.F�'( 2��q� <5.� .&��G� ;���JA#�
 �A# Z3�: ;<$� ��j.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html


�.��	�� ��	�.� ��� 
�	� �
4 �� 
�	� �2�� ��3��
� /01��5�...

���

�.	5a%�?0; � .; r  .  l $ �%�?43 .+	�)9I=��* .���� .     F)* +)'%�	5�	5/3 �"L 
�,	�3) 
W5� 2#�E	�3 M�=��-(  �!�  
5!3 &�5/0 2, .

[ n,�/: $ +�	$�A3 &5/� $ r540 24":�='? .�)� :(���f�.

�.�%�?43;r .��fY .&���'( 	
 ��  �$�43F�	 $ &  �, F�	�?: +�� . F	�9* 2��A#��D	�� & �:��% ;&�GH.� Z?% +�6� $ ��.

f. )#5*�3�� +)9X:; �  .��fb .     	5�	5/3 F	�,�% �i� �%�,) +��% 
W5� (,2    D�E 	
 F)//3 lV.� &�5/0        	
 �!�  
5!3 $ +)'%� +��

D�E���  +�� .)*	� �%�/*	�3 2:�# &����D�E  ;�%�/* ;+�	$�A3 F)�A#�
H.� �I=/. F�JA#�
&�G.

�. +
�,  
59X:; � .����.  �!��  D�!E 2% 	
 �'J/% �.�/0 �E�, S�T $ M	\ 
��490 �, ��  S$\ F	�,�%$ 	5�	5/3 �"L �i�.

 )*	� �%�/*	�3 2:�# &����D�E ;�%�/* ;+�	$�A3 F)�A#�
&�GH.� �I=/. F�JA#�
.

9. Abbaspour, A, M. Kalbasi and H. Shariatmadari. 2004. Effect of steel converter sludge as iron fertilizer and soil 
amendment in some calcareous soils. J. Plant Nutr. 27(2): 377-394.

10. Bindra, A. S. 1983. Iron Chlorosis in Horticulture and Field Crops. Kalyani Publisher, New Delhi.
11. Chen, Y., J. Navrot and P. Barak. 1982. Remedi of lime induced chlorosis with iron enriched muck. J. Plant Nutr. 

A5(9-7): 927-940.
12. Lindsay, W. L. 1992. Chemical Equilibria in Soils. John Wiley & Sons Inc. Pub., New York. 
13. Mortvedt, J. J. 1988. Iron sources and management practices for correcting iron chlorosis problem. J. Plant Nutr. 

A9: 94-97.
14. United Nations. 1990. The recuperation and economic of by-product of the iron and steel industry. Economic 

commission for Europe, Geneva.
15. Yen, P.Y, W.P. Inskeep and R.L. Westerman. 1988. Effect of soil moisture and phosphorus fertilization on iron 

chlorosis of sorghum. J. Plant Nutr. A11: 511-531.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

42
.4

2.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.42.42.6
https://jstnar.iut.ac.ir/article-1-805-en.html
http://www.tcpdf.org

