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��8Q�  
:9�  " 91)�%"   )���&* 6;3<=1 )( +  �>�     ?>��@� �	 A�<>1

            B9C �	 DE� $F(� �	 	�%GHI -(J91 B��8&9C )( ?* ��( -�0'(

      >1 �(	�3>��C ">I(�) 6;3<=1"     >HK ?>C $>!�C9 5	 B >9 ( L >� B

<=1 0'�8� 239 ;�C L"�  (�>C +  1M>� 9    (�>N 	(3>1 B"�   ' 	�3>1  >9 )�

OHP>>9�	�(	 -�>>QP $>>!� 2�>>F �	 )� � R.(>>9H** � �9S>>9 �

 (�N 6;3<=1"� �%"  �K�38*�� )( + HQ1 " ��(    �	 �)��1( ?* 

     � ?P3� -T ?C �K�3&* �U*(��V(+ 1 " 	3>! .   ( �3&>* �	 >�   ?>C -(�

5	9 %KT L"  ��� -	3C  5T 	(31 W* �($X1 #�K"  	3>C ;�>C #1 - >9 -(J

    �K	3* A�<1 Y$I #��� Z[1(+ ��F +   W>* �\� I    � A�<>1

 C A�<19  �� �\� I �)($'( )( ]^ )( A�<19' L79  �S0>� � -_��8

   W* �\� I 	37H* `I�C     >C )( � A�<>19       �>\� I 2	�>O� B8>�� B

(�N"�      ��( �$! ��� �	 )�� .(��+  HQ1 ]X' "  53C�81 �	 9 W0

�9K�" 	�(	  .��+   J'T -�H8��� �	 �W 5��	 �K   WK � 	�(	 � > a9 B

 53� �	9 _�'( $+  ��a � b  ' cC�* 9 5�O� J9 	�(	 � .'�1)"   �� ?>*+ 

 	�S8�( LC�^d � 9 ��*�' ��" 1 "       ]K�>* 23<=1 �	)�C 	3!�   � ?>8��

  * ?C :GN(9S9   >�T 23<=1 �9  >1 :"  $>')  .��+  53C�81 �	  >9 W0

�9K�"  G* ]X' 9$+  ?C 	�(	  �3e+      � ?C �. 1 -T 	37H* ?*9 ���&

[I� �K�f W+ 1 "  	3! ���� ?* (+  6��7I �Q'T )( )( $'( :  -$>! 	�)

g�C   >C � �K9  g�>7�� B       g�>C -$>! �J>'�C #�>K �>K+    � h>a3* 

N9	�I�+   g�C L%! -$! �K .(� [I B�  '3� ?C Wb � 9K�"  ,80>C " 

	�(	)i .(    W* �\� I ?GHP )( J , 1��<1" �	 -T 	37H* ?* ��( 

����K+ I(�) "  0>G* 6� C�* � ;�C ] *(� �C 9) W >�  ��(J>� 	�

$!��( � .  

(�     J'T -	�* 2�O� �	 �< I B�W�K+ SG8j1 " � �	 9  �>5��	 ��

  53C�81 �	 � ?8!(	9K3C�* W096(�$�( #�K9�K$+1T 9   � cS >� #?> 

  HQ1 ]X' J8 �38�" ( � 1 �S"$ *)�k .(    ]K�* `I�C J , 1 	37H*

$!�    1 	�%GHI � J8 �38� $"	3!)�� .(    -(3 I ?C c1�  �< I h

(�N"� W*    �O� �	 l��$HI A�<159��K+ J'T �H"   ?���� �	 � �K+ 

�0*(�]m  1 �5��	 ]K�*"$ * .  ��* c1 	3P�"  ���C �	  �>K+ 

�9   � �1��X1 `I�C ��9  C ?C ��9��H+�K+ �  >9K�"    C � �$>! 9 ��>H+ 

?�3C19�+  � �	 9:1)9 "   1 2�8 * (� "$ *)�� .(     L>1(3I )( ">4�

 ?C WQ1  (J�( �	 "I(�)�  � 	�%GHI ]9:1)9 "    	3n ? 9QC A�<1 #

 ?��@� �   ��( -T D9=\  .      ( :>�� 1 ?��@� 	�31 �	 ?'�S�M81 >� B

�9    * 6�9\3<>� ?n ��9 >S"   ' (� -T  >9  �>=� J       #$>K	 �(�>^ �9oM>�

 #�>>�( ?>>8��,' 6�3>>\ "&>>jC ���>>p� +	�C��>>n 6�>>X9X=�

C? HK9 5	 B9         +�K�3&n �C ?0��X1 �	 �1 �3&n +��84K 	�4GHI L

 �� �,�	9�B            �>C +$>953� 23<>=1 ">S9n 6�9\3<� � #��( ��

�($'�8�(   	�($' �XC�E1 "'�QP +�K	)� .(      -	3>C "4KT ?C ?P3� �C

 q�� �8&9C               �>\� I r�>P �>9GC�^ -	3>C B9��>� � -(�>�( +�>K

Wn  q�� B�( �	 A�<1 ">1 �\� I B�( 	37Hn #�K   )( ">4� $>'(3�

         :9� �	 	�4GHI $953� � 3H' � $!� �$  n	�$=1 L1(3I  "> 91)

$!�C)i .(?C G*�3e" WQ1 ���   $ ���7I ?5�X1 A($K( B )( : � . ?O5�E1

oM�9   �� sG8j1 Z3E� �+         * � 	�>%GHI �>C c1 � J , 1 #9S >9 �

�9:1)9 " � .O�99  QC $F B9  �� �\� I ? +     (�>C c1 � J , 1 #+ 

 �8QC 23<F�   * � 	�%GHI B9S >9   >� �	 �9:1)9 > "   ��T W>^�  >��   

� .�� �\� I LC�X81 �o( ?O5�E1+ � �S0� �\� I �C c1 � J , 1 #

� �	 BKT9:1)9 "   

  

� $B��g��  #  

               �>tGN #	�>%GHI �>C c>1 � J , 1 #+�� �9oM� ?O5�E1 �3t 1 ?C

   W* �\� I � �S0�     :9� �$N � g�C �	 A�<1    #�>���T W^� " 91)

 ?'�jG� "&��1)T   �C +(��     ?C �(�%� ?� � ��H9�      L>��38*�� 6�3>\

             ��>� ���>� ?>'�jG� �	 "�	�<>� l[1�>* Z�e :5�^ �	   ">�� !

    $1T�	 (�P( ?C -�.') ��,&'(	 .P       2�>� �	 u>9X=� B>�( Y�.'( �Q

��kk              ��>� ?>'3H' #-�>.') -�8>�( �	 sG8j1 ?XE 1 B�$ a )( 

?C       ��� "=E� ?�; )( � :*�1 6�3\)��m� "8'�� +�81 ( ?9Q�

      ?>'3H' ?95�( ?�J.� )( $OC �   ?>XE 1 #�>K        �>\� I v�>=5 )( ?>* +(

W*         -(J91 � $�	�� r�j8'( 	3C �9X� A�<1�w��    ��>� Y��3G9* 

?>>XE 1 B>>�( )( ">>G91 �	 h>>5( )( � ?>>9Q�  $>>! �	(	 �3>>7I �>>81  

) 2�$>>P�(.   DE>>� ��>>Qa L1�>>! ">>���C 	�3>>1 +�>>K�38*�� 

+��)�i/� =Zn0  #w =Zn1  #�� =Zn2   � �w =Zn3 "G91   �	 Y��

��>>� Y��3>>G9*( J>> , 1 DE>>� ��>>Qa #)i/� =Mn0 #w =Mn1#  

�� =Mn2   � �� =Mn3 "G91    ��� Y��3G9* �	 Y�� (   DE� �	 �  
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  �8@/.K& +%�2 c+B �$ ($;K!B $��� T� �+��� =+d  

P K Zn Mn Cu Fe 
��� ���C SP(%) pH EC(Ms/m) OC(%) FC 

19G"* �	 Y��9��� Y��3G 

Y35 �/iw �/R �/� i/� �� �/�� �i� �/� i/� �/� k/w 

  

c1)��/� =Cu0   � � =Cu1 1 9G"  * �	 Y��9 ��� Y��3G ( $'	3C

 ?C ?*   6�3\�� � 9      ?>C s>G8j1 ��H�� * 9      L>�(	 ��>� Y��3>G

?7OP �>K+  C3>a "        23>e ?>C �>!�* w�       y�>S��( � z�>I #�� 

8'��"     	�� ?��>p( �>81� $>'$ .    � 2�>HI( �>QP9   �>K	3* #�>K��H+ 

 �� 6�S53�+       � �K ?C {3C�1 c1 � J , 1 #9   5 ?� �	 ��H9   rT �>8

    	3* 23G=1 c|� #LF �EX1+ C ?          L>�(	 ��>� ?>C �$>1T ��	

?7OP �|�( �K+      	�� {3Gj1 -T �C � �$! �$ .KW > a9   }�>�(�C B

J.��     �� 	37H* ?8��� 6�3\ ��� ?�  (�N �\� I �"�  ���>p + 

      QC $F ?C �Q'T �tGN -$'��� �C9   �e )( ?>  >�    �>K	3* -	�J>�( u+ 

 A�e�C ��� ?C Y);$!)  2�$P�.(  

 QC $F9    �S0>� ? �wm�� ppm           �>1 ��>� �	 -3>a � �>�( 

   �S0� �tGN�� ppm  (�C� C 	3C � �S0� B+    $&' ?��p( ��� ?C  .

  8� �tGN ���9  ' (� W9       >��8� 6�S53>� 	3* -	�J�( �C J9   ?>C W��� 

ppm $'��� �W .         ��>� �	 	3>P31 BKT �tGN �� ppm    � 	3>C 

  KT 	3*"    1 � $&' ?��p( 9   �1)T }��(�C 6)( -(J�  >G7^ 6�&"  �	 

  1 ?C ?XE 19  -(J��� kg       $>! ?��>p( ��>8%K �	 )   	�$>Fi�w kg 

  ��8%K �	 ���( ()  2�$P�( . � ��C9:1)9 "  ��T W^� � Q� �9?   �	 � 

     � ��C 	$I ?� ?7OP �K9:1)9 "  8'�>� ~ >� uHI �	 " �>81+ )( 

   ��� �	 ��� DE�� 
�w 	�� �&>* 	(	��  >�$ .   #�&>* )( $>OC

?7OP�K+  CT �!�* 9��+   1 � $'$! 9  ��<1 rT -(J"     ��	 �>K �	 

CT9��+  �)($'( ?C (+             ��f $>F ?>C (� ��>� �>C3e� ?>* 	3C  >9 �

$'�>>��C ?>>I�J1 .�)($>>'( �>>QP�>>9�+� �S0>>� �($>>X1  �>>\� I 

W*   � g�C A�<19:1)9 "   L� -�1) �	 K	" ?�3C   g�>C #�K �>K+ 

      G>\( ?^�>� Y��Qa � Y3�"     ?>'3H' � r�>j8'(  �(	�>C+ 	��  >�$ .

�)($>>'( �>>9�+� �	 �S0>>� >>9�5�>>* ��� ?>>C ����8H+) 	�) �>>'�

5319 6(	�'(� 6($7 ( �)($'( ��9�+   1 �>\� I 9       )( �	�S8>�( �>C ��>%

 e ��,8�	9  H�( r�P s"  $! Y�.'( .   �	 �� -�CT  ��1��kk   Y($>^( 

  �$N �!(	�C ?C�K+ � 9:1)9 " 	�� �$ .   >C )( c�?    -	��T �>�	

�	(	' 	�3>>1 6�>>I[e( � �>>K>>9(�>>C )�+��>>>1T 6�>>>7��>=1 + � 

J.�� �(� ?>>� �	(	 c>'�   Y�>>' )( �>>K    �(J>>�(MSTATC   �	�S8>�( 

$! .WK a9 (�C B+ �X1 � 1 ?09,'�9B      Z3E� �	 B%'(	 -31)T )( �K

�( $\�	 ~ � � h$! �	�S8�.  
  

K&+hJ� � c  

 �$N 	�%GHI :�8'� J.� ~� �(� ?� �	(	 c'�       �	�� �o( ?* 	(	 -�&' �K

 �� Z3E�+            �$>N 	�%GHI �C �Q'T LC�X81 6(�o( � c1 � J , 1 #

�9:1)9 "  > O1 "  	3>C �(	)��/�P<()   2�$>P�( . >���C"  oM>� 9 �

  �� sG8j1 Z3E�+            ��;�>C ?>* 	(	 -�&>' �$>N 	�>%GHI �C � B

  C {3C�1 	�%GHI   DE� ?�w 1 9G"  �� Y�>�+  * �	 9    ��>� Y��3>G

C?      (J>�( `I�C ?* $1T ��	�       1 ?>C �$>N 	�>%GHI ] >9 -(J��/�w 

   � ?C �70' $\�	9 	��$K�! ��H�$)  2�$Pw( .e" ���C "   �C ?* 

��+ oM� 9  �� 	3* �+    \3<� � 	�%GHI �C 9 * 6�9S" � 9:1)9 " 

    	�� �j&>1 ���� 6�3\ >�      A�<>1 ?>* $i� * 9   �	 Y��3>G

� 6�S53>>� 	3>>* ��>>8%K�+(�>>C +>>� �&>>* 9:1)9>> "��>>* " 

1" $!�C)� .(WK a9 �8' B� �1)T ~� $�( ]+   -(��>%HK � ] 1)� (

         �� 6�S53>� )( �	�S8>�( ?>* 	(	 -�&'+    (J>�( :7>� �   	($>O� ]

?��!�K+ 7'�P "           �$>N 	�>%GHI � g�>C 	($O� #-3538�( 	($O� #

�9:1)9 " 1 "	3! . >���C"  oM>� 9         �>C J> , 1 s>G8j1 Z3E>� �

   	(	 -�&' �$N 	�%GHI  ��;�C ?* �       DE>� ?C {3C�1 	�%GHI B�� 

19G"   * �	 J , 1 Y��9  1 ��� Y��3G"       (J>�( `>I�C ?>* $>!�C� ]

 1 ?>>C 	�>>%GHI>>9 -(J��/R � ?>>C �70>>' $>>\�	 9  $K�>>! ��>>H

	���$)  2�$Pw .(3�31+  -(��%HK � )�� (     ?>* $>'	�* ��(J�

23G=1!��"   (J�( `I�C J , 1 �        � �$N � g�C �	 J , 1 �tGN ]

WK a9  (J�( `I�C B�   � �$N 	�%GHI ]9:1)9 "  >1 " 	3>! .( >� B  
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��i  

  �8@Y.� �"L � i5-�5. 5S�� �B%! >5� �$ i5-��?�����  

19-(J )�	� r3GE1 W* (�N �\� I"� 

�>  �mw/i w/imw/� 6)( 

�>  w/�m��/� �k/�m��/� �S0� 

w/��> w/��m�/� �/�mw/k }�8� 

�> �mR�/� Rw/�m�w/� 0G*9W 

  

  

 �	�1 Y��$\ �	 Y��

h&� 
�/�> �/�m� ��/�mR/�  19J�W 

   
  

�>  ��mR �mw c1 

���>  ���mw� i�mi� BKT 

�w�>  �w�m�� ��m�� J , 1 

19G"* �	 Y��93G �	�1 Y��

h&�)ppm( 

�w�>  �w�miw iim�w ��+ 

  

  �8@0.� �6&��� 54B H��5� =�"L 5S�� � 5;<� �B8Q� �$5*�)� 5� 7� � %�6�� �2L i5-��&��! (89 �$ �?�����  

	�X1�1 �9,'�96�OC�1 B)MS ((�C+���C 	�31 6�S\ " 

@� �7 1996(� 	()T ?P�	+ 
�$N 	�%GHI)��8%K �	 B�( �S0� ��+ J , 1 c1 BKT 

Zn � **�/i� **���/� **�/�k�� **i/ki **�/� **�/�� 

Mn � **i/�� **���/� **i/�ww **�/w **�/� **i/� 

Mn×Zn � **w/� ns����/� *�/i *����/� **��/� **�i/� 

Cu � **i/� ns����/� **�/��� **R�k/� **��/� ns���/� 

Cu×Zn � **�/� ns����/� nsi ns���/� ns���/� ns���/� 

Cu×Mn � **�/� ns����/� ns�/� ns���/� ns��w/� ns���/� 

Cu×Mn×Zn � **k/� ns����/� ns�/� ns���/� ns���/� ns���/� 

�E� �i ��w/� ����/� �/� ����/� ���/� ���/� 

CV m �/� w/� �/� �/� �/� �/� 

  

�8'�  �8' �C ~� -(��%HK � 3�� 6�3* ~)�(   � -(��>%HK � 2($>'31 #

6�31 	�6  -(��%HK �  )�i   � �w (   oM� �C {�7��( �	9   6�S53>� �

    * � 	�%GHI �C J , 19S9 � �9:1)9 > "   	�(	 �>XC�E1  . >���C" 

oM�9     I �C c1 sG8j1 Z3E� �      >1 -�&>' �$>N 	�%GH"    ?>* $>K	

��;�C�          DE>� ?>C {3>C�1 �$N 	�%GHI B� 1 9 >G"     �	 c>1 Y�>�

*9  1 ��� Y��3G"   (J�( `I�C ?* $!�C�   1 ?C 	�%GHI ]9  -(JR�/� 

     $�	�� $K�! ��H9� ?C �70' $\�	)  2�$Pw .(     L>C�X81 �>o( "���C

              )( �$>N 	�%GHI B���;�C ?* 	(	 -�&' �$N 	�%GHI �C c1 � +��

  DE��w "G91     "G91 �	 � +�� Y��         ��>� Y��3>G9* �	 c>1 Y�>�

C?  $1T ��	)  2�$P�( . C ~��8'?   -�&' �$1T ��	 "1    2	�>O� ?* $K	

         ">%� ��>9� � ��>� �	 "�(�N �\� I          �	 �o�>1 � W>Q1 L>1(3I )( 

H*    "1 23<=1 �9S9* � �9$!�C)�� .(      J> , 1 L>C�X81 �>o( ?O5�E1   
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  �8@_.� �6&��� 54B H��5� =�5� 7� � %�6�� �"L 5S�� � 5;<� �B8Q� 2L i5-��&��! >5� �$ �?�����  

	�X1�1 �9,'�96�OC�1 B)MS ((�C+���C 	�31 6�S\ " 
@� �7 1996(� 	()T ?P�	+ 

�S0� ��+ J , 1 c1 BKT 

Zn � **��R/� **����R **�k�Rw **�ii **i�R� 

Mn � **���/� **R�k **�/RRi **�i/R **k/R 

Mn×Zn � ns����/� **i/�R **�/�� **�/� **�/� 

Cu � *����/� **��� **�/��R **�/� **�/� 

Cu×Zn � ns����/� **�/� **�/� *�/� **���/� 

Cu×Mn � ns����/� **�/� **�/� ns�/� ns���/� 

Cu×Mn×Zn � ns����/� **�/� **�/� ns�/� **��i/� 

�E� �i ����/� ��w/� ����/� �i/� ����/� 

�p�@� :996(� m i/� k/� i/� w/� �/� 

ns : O1 A[8�("' �(	9�0       **�  *:?C  ���9 DE� �	 :� O1 $\�	 ~ � � $\�	 h"1 �(	"$ !�C.  

  

  �8@`.Q� +� �<�6&�=#��� j�KX� [�W! 54B �"L 5S�� � 5;<� �B8Q� 5� 7� � %�6�� �2L i5-��&��! >5� � (89 �$ �?�����  

	�%GHI �S0� +�� J , 1 c1 BKT  �S0� +�� J , 1 c1 BKT 
��H9� 

�$N  g�C 

Zn  

Zn0 
d�/�k a�/� d�/�w a�/�k a �/� a �/w�  

ai/� d�/iR a�/��� a�/�� ak/�ww 

Zn1 
c�/�� b�/� c�/iR bR/�� b k/w b R/w�  

bi/� ck/�� bw/�w� b�/� bw/��� 

Zn2 bw/�� c�/� bk/�� c�/�w c �/w c �/w�  
c�/� b�/kk c�/��i c�/R ck/��R 

Zn3 ak/�� d�/� a�/Ri dk/�� d k/i d �/w�  
d�/� ak/��� d�/��� d�/w d�/��� 

Mn 

Mn0 d�/�� a�/� a�/wk di/�w a k/w a w/w�  
ai/� a�/k� d�/��k a� ak/��w 

Mn1 ck/�� a�/� b�/w� ck/�w b �/w b i/w�  
ab�/� b�/Rk c�/��� b�/k b�/��w 

Mn2 b�/�� b�/� c�/w� b�/�� c w/w b �/w�  
bc�/� ci/R� b�/��� c�/k ck/��i 

Mn3 
a�/�� c�/� d�/w� aw/�� d i/w c �/w�  

c�/� dk/�� a�/�i� dR/R dw/��i 

Cu 

Cu0 
b�/�� a�/� aw/ww a�/�� b w/w a i/w�  

ai/� aRR ak/��w b�/k a�/��w 

Cu1 
a�� a�/� bw/w� b�/�w a �/w a i/w�  

ai/� bk/Ri bw/��� ai/k b��w 

  

        � ?* 	(	 -�&' �$N 	�%GHI �C c1 �9   �C ��H�� 1 9G"   J> , 1 Y��

  �� 1 9G"   * �	 c1 Y��9 3>G     ��>� Y�>���/��    (J>�( $>\�	 � ]

   � ?C �70' 	�%GHI9  �!(	 $K�! ��H)  2�$PR( .�8'�   )( L\�F ~

  �� LC�X81 �o(+         � ?* 	(	 -�&' �$N 	�%GHI �C J , 1 � 9 �>K��H+ 

  �C�w 1 9G"  �� Y�>�+   	�>X1 � �  ���   � �� 1 9 >G"     �	 J> , 1 Y�>�

*9   ��� Y��3Giw/��  (J�( $\�	 �      � ?>C �70>' 	�%GHI ]9  ��>H

 $'�(	 $K�!)2�$Pk( .�8'� 3�31 ~+  -(��%HK � )�� (   	(	 -�&>'

    �� Y�3� 	�C��* �C ?*+      >� 	�>%GHI J , 1 � 9:1)9 > "  ?>C    �3>e  
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��+ J , 1 c1 BKT �9��H 	�%GHI) �	 B�

��8%K( 19G"* �	 Y��9Y��3G 

Cu0×Zn0 h i/�k g �/ik a i/��� b �/�� a �/�ww 

Cu1×Zn0 g �/�� h �/iR b k/��� a i/�� b k/�ww 

Cu0×Zn1 f �� e �/�� c �/�w� d � c �/��� 

Cu1×Zn1 e �/�� f w/w� d �/�i� c �/� d i/��� 

Cu0×Zn2 d i/�� c �/k� e ��� e �/R e k/��R 

Cu1×Zn2 c w/�� d k/k� f k/��� e �/R f R/��R 

Cu0×Zn3 b R/�� a k/��R g �/��� f w/w g �/��� 

Cu1×Zn3 a �� b k/��w h �/�� f �/w h �/��� 

�	 �K -38� 6��S� C9B 19,'�9B�K"� ?* L^($F �(	+ �h A�F ��8&1 1"$ !�C  O1"�(	 '9�0.  

  

 �8@ l.Q� +� �<�6&�=#��� �B8Q� � $5*�)� 5� 7� � %�6�� [�W! \�QK� 54B �! >5� �$ %�6�� � �?�����  

���C 	�31 6�S\" 

��+ J , 1 �9��H 
	�%GHI)��8%K �	 B�( 

19G"* �	 Y��9Y��3G 

Cu0×Mn0 h i/�� a �/k� g �/��� 

Cu1×Mn0 g i/�� b k/k� h �/��� 

Cu0×Mn1 f R/�� c i/R� e �/��i 

Cu1×Mn1 e �/�� d �/RR f i/��� 

Cu0×Mn2 d �/�� e �/Ri c ��R 

Cu1×Mn2 b �/�� f R� d �/��w 

Cu0×Mn3 c �/�� g i/R� a k/�i� 

Cu1×Mn3 a i/�� h �/�� b i/�i� 

�	 �K -38� 6��S� C9B 19,'�9B�K"� ?* ($FL^ �(	+ �h A�F ��8&1 $ 80K  O1"�(	 '9�0.  
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     DE� )( #�$N 	�%GHI�w "G91    #+�� Y����  ">G91      � J> , 1 Y�>�

 "G91 �	        >C ��>� Y��3>G9* �	 c1 Y��?    $>1T �>�	 .  6�>O5�E1

6�3\         ">1 -�&>' "5�H>! +��3n(	 �	 ?8���      	�C��>* ?>* $>K	

        :9� 	�%GHI c1 � BKT #J , 1 #+�� +��F +�K	3*   (� " 91)

]�(J>>�( ">>1 $>>K	)� .(6�3>>1 � -(��>>%HK � 2($>>'31 	�6 � 

 -(��>%HK )�i � �w ( ��>>1)T }�>�(�C]  ��>K ?>I�J1   ��>>Qf( +(

    :9� �$N 	�%GHI ?* $'	�*  WK " 91)  " O1 ",80C    �C "87U1� �(	
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 �8@ m.Q� +� �<�6&��� \�QK� 54B =�"L 5S�� �B8Q� � $5*�)� 5� %�6�� � 2L i5-��&��! (89 � >5� �?�����  

���C 	�31 6�S\" 

	�%GHI ��+ J , 1 c1 BKT  ��+ J , 1 c1 BKT �9��H 

�$N   g�C 

Zn0Mn0 
l�/�� m�k d�/�R ai/� a�/w�  

mk/w� dw/�wR a�� a�/�w� 

Zn0Mn1 
k�/�� mi/�R c�k b�/� ab�/w�  

n�/i� c�/��� bi/�� b�/�ww 

Zn0Mn2 
j�/�� ni/�i bi/�k b�/� b�/w�  

o�/i� b��� c�� cR/�ww 

Zn0Mn3 
ik/�� oi/�� ak/�k bc�/� b�/w�  

p�/ii aw/��k dw/�� di/�ww 

Zn1Mn0 
hi/�� i�/w� h�/�� c�/� ck/w�  

iw/�k hw/�i� e�/� e�/��� 

Zn1Mn1 
f�� ji� g�/�� dk/w cdR/w�  

j�� g�/�i� f�/� f�/��� 

Zn1Mn2 
ei/�� k�/iw f�/�� dk/w cdR/w�  

k�/wk f�wi g�/k gk/��� 

Zn1Mn3 
d�/�� lR/i� e�/�R eR/w d�/w�  

lk/w� e�/�w� hi/k hi/��� 

Zn2Mn0 
gR/�� e�/�w lR/�i f�/w e�/w�  

eR/�� lR/��R iR/R i�/��k 

Zn2Mn1 
ei/�� fw/�� k�/�w gi/w f�/w�  

f�/�� k�/��� jk�/� j�/��R 

Zn2Mn2 
bk/�� g�/w� jw/�w g�/w gw�  

gkw j�/��w jR kR/��R 

Zn2Mn3 
a�� hk/ww i�/�w h�/w hk/w�  

hi/R� iw/��� kk/� l�/��R 

Zn3Mn0 
d�/�� ai/R� p�/�� iw hik/w�  

ak/��� p�/�i l�/� mw/��� 

Zn3Mn1 
cR/�� b�/R� o�/�� i�/i iR/w�  

b�/��� o�/�R mk/w n�/��� 

Zn3Mn2 
a�� cR/R� n�i jk/i i�/w�  

c�/��� nk/��� n�/w o�/��� 

Zn3Mn3 
a�� di/�� mi/�i kw/i j�/w�  

d��� m�/��k n�/w pk/��w 

�	 �K -38� 6��S� C9B 19,'�9B�K"� ?* L^($F �(	+ �h A�F ��8&1 1"$ !�C  O1"�(	 '9�0.  
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    DE� �	 J , 1�           $>\�	 ~ � DE� �	 c1 �	�� �o( � $\�	 h

    1 g�C �S0� �($X1 �C O"    >5� �>�( �(	"  >K 9      6(�>o( )( Y($>* �

       O1 g�C �S0� �($X1 �C �Q'T LC�X81" H' �(	" $ >!�C)   2�$>Pi.( 

�8'� oM� ~9   �� sG8j1 Z3E� �+          g�>C �S0>� �($>X1 �C J , 1 � 

   (J�( ?* 	(	 -�&'� �� Z3E� ]+?C ]K�* `I�C J , 1 �  ���9 :

R�/�w   � ww/w $\�	 +      � ?C �70' g�C �S0� �($X1 9  $K�! ��H

	��>>� $) 2�$>>Pw(.�� �<>> I �	 +(�(	 �S0>>� � + ] >>*(� 

)�0HK�'+   �C �$%� $ 80K �,)� .(       �	(	 -�&>' s>G8j1 6�>O5�E1

   0C �	 ?* ��(9��+  � )( 9 I(�) -�K�"  � $ '�1 9:1)9 > "   6�� � 

�9  $'3�    �� � 6�S0>� -3+   %&>� � 9   �� 6�S0>� L+     �>C ��[>I 

��    ��� � ?^�� �	 ?& ' �K9 1 �� J"$K	)�� .(�8'�C ~? T ��	  �$>1

 ( �	� X=� B9  �8' �C u�     0C -($ H&'(	 6�O5�E1 )( L\�F ~9��+  )( 

 � ?GHP9  -(��%HK � L)� ( %��K �9   }�30>5( � J )�� (  �>XC�E1

	�(	 .�8'�                 g�>C �S0>� �($>X1 �>C c>1 s>G8j1 Z3E>� �>o( ~

�9: 1)9 "        ( �($X1 �C c1 	�C��* ?* 	(	 -�&'  >�    oM>� �<> I B9 �

 O1"�(	+    ( �($X1 � 	�($'  >�     �>C �	 �<> I B    �S* $>F �	 g >� �

	3C)  2�$Pw .(C9S 1 LC�X81 �o( �S0� �C c1 � J , 1 B"  	3>P� 

	�(	)� .((J�(�        5[F ]K�>* `I�C ��� �	 �S0� �tGN ] >9 �

     1 W.F � c1 � J , 19�3%� � J�     ( ?>* �$>! ?& >�     `>I�C �>1( B
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   r�P ]K�*�-3�K+ 	 �  ?>C �,     W>* �>\� I �3<>�  A�<>1

1" 		��)�� .(�8'� C ~?    ( �	 �$1T ��	� ��C B�"  �8' �C �  L\�F ~

X=� )(>>9%��>>K u9}�30>>5( � J )�� (	�(	 �>>XC�E1 .W>>K>> a9 B
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)��/�P<)( 2�$>>P� .((J>>�(��� Z3E>>� ]+ `>>I�C J>> , 1 � 
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�8'�  ~?C  �$1T ��	  J.� )( � �(� ?� �	(	 c'�       oM>� ?>* 	(	 -�&' �K9 �

��+             2�>H8F( DE� �	 g�C BKT �tGN �C c1 � J , 1 # >� h

  O1 $\�	" ��( �(	 . C )(9   � LC�X81 6(�o( B9        �>o( J>P ?>C �>K��H

    XC #c1 � J , 1 LC�X819         2�>H8F( DE>� �	 �>Q'T ? >�   $>\�	 h

 O1" 	3C �(	)  2�$Pi.( ' �8�  1 -�&' ~"   �K	3* A�<1 ?* $ K	+ 

��F+  W* �\� I   �� A�<>1+         (J>�( `>I�C c>1 � J> , 1 #� ]

      � �$N � g�C �	 �Q'T �>tGN9:>1)9 " 1 "   >5� 	3>!"   �>tGN 

  C (� BKT? 5	9 \�� L9  )�0>HK�' �+    >1 ]K�>* " $> K	 . (J>�(� ]

 �� Z3E�+       O1 ]K�* `I�C c1 � J , 1 #"     B>KT �>tGN �(	

 C g�C? ���9  1 ?C :9  -(J��/�k  #�wR/�   � �R/�     ?>C �70' $\�	 

�9  	�� $K�! ��H�$ )  2�$Pw .(C9        A�<>1 W>* �>\� I � BKT B

��*9'3" 	 �          \3<>� �>GI ?>C J> , 1 ?GHP )( �,9  >! 6�9H9�"� 

  ?C�&1�  )�0HK�' ?EC(� h+    ( � 	�(	 	3P� �  ��>* B9-3   (�>C �>K+ 

-�%1�K+ C�P "  5�X8'( � "    � DE>� �	  >� ?& >�   �>��C L>�(	 �	 �

�9K�"   �C �$%� ̂� �, 1 �C�"$  *)k .(���C"    �� L>C�X81 �o( +  � 

      1 -�&' g�C BKT �tGN �C c1"  ��;�C ?* $K	�    B>KT �tGN B

  � )( g�C9  C $K�! ��H?    �8H* � $1T ��	�       g�>C B>KT �>tGN B

  � ?C uGO819 ��F ��H+   DE� �w1 9 >G" �� Y�>�+ � �1 9 >G"  Y�>�

  * �	 c19    -�&' ?* 	3C ��� Y��3G        B>KT �>tGN ]K�>* �$ K	

  (J�( �C g�C�  �� Z3E� ]+   ��<1 c1 � " 1 "$!�C)  2�$P� .(

�8'�   2�$P ~k   �� LC�X81 �o( +    ��<>1 J , 1 � "      �>tGN �>C (� 

  � g�C BKT9:1)9 "  1 -�&' "$K	 .��;�C�     g�>C BKT �tGN B

 � )(9   �8H* � $K�! ��H�     � )( g�C BKT �tGN B9   ��>F ��>H+ �w 

19G" �� Y��+   � �� 1 9G"   * �	 J , 1 Y��9  C ��� Y��3G?   �>�	

1T$ .WK  a9     (J�( �C g�C BKT �tGN B�  �� Z3E� ]+    J> , 1 � 

��<1" ]K�* ����.  

�8'� �X1 ~� 1 ?09,'�9B�K+     �� L>C�X81 �>o( +      c>1 � J> , 1 #

��<1"     � g�C BKT �tGN �C 9:1)9 "      ��;�>C ?>* 	(	 -�&' � B

    � )( g�C BKT �tGN9   �8H* � $K�! ��H�      )( g�>C BKT �tGN B

�9��>>F ��>>H+ �w1 9>>G"�� Y�>>�+ #�� 19>>G" � J>> , 1 Y�>>�� 

19G"    * �	 c1 Y��9     >C ��>� Y��3>G?         A[8>�( ?>* $>1T �>�	

 O1" �(	+  � �C 9 ��F ��H+ �w 1 9G" �� Y��+  #�� 1 9G"  J , 1 Y��

   �!($' c1 $K�! � .�8'�   J.� )( L\�F ~ >� �(� ? >� �	(	 c'�  �>K

   oM� ?* 	(	 -�&'9 �� �+            DE>� �	 �$>N B>KT �tGN �C J , 1 � 

�   O1 $\�	 h"  5� 	3C �(	" oM� 9           �$>N B>KT �>tGN �>C c>1 �

 O1" $&' �(	 . C )(9   � LC�X81 �o( B9      �� L>C�X81 �>o( �X� �K��H+  � 

    DE� �	 J , 1�    > O1 $>\�	 h"  	3>C �(	)   2�$>P� .( (J>�(� ]

 �� Z3E�+        ?C �$N BKT �tGN ]K�* `I�C J , 1 �  ���9  ?C :

1>>9 -(J��/� � �/� � ?>>C �70>>' $>>\�	 9	�� $K�>>! ��>>H>>�$  

)  2�$Pw .(   �>C Z3E� �	          ���>� B�J,��>P �<> I B>�( #+�� +;

W>>* �>>\� I2�>>X8'( c%G|>>H* �	 #B>>KT ?>>GHP )( A�<>>1  �$>> K	

"1 	3!)�R .(WQ1     ?>��@� L>C�X81 �o( B���        �>C -T �>C�^� #J> , 1 +(

                 ��>S�( ?&>�� �>�3� r�>P �	 �8&>9C �>C�^� B�( ?* ��( BKT

"1 $8�( .         "1 -�&' ] *(� BKT 	37H* ?C �70' ?* "'�K�9� �	  $ K	

   �C �   -3� D!��H+         ">1 ?&>�� �9>=1 -$! +$9�( :P31   $'3>!

       "1 ]�(J�( J9' J , 1 2�X8'( � r�P "�(��*�$C�)� .(   2�$>Pk   �>o( 

           :9>� �$>N BKT �tGN �C "��<1 J , 1 � +�� LC�X81   (� "> 91)

 "1 -�&'$K	 .       -(J91 ?C �$N BKT �tGN B���;�C�w/w� "G91   Y�>�

    C $K�! ��H9� )( Y��3G9* �	?    � $>1T �>�	    B>KT �>tGN B��>8H*

    -(J91 ?C g�C��/w� "G91       DE� )( Y��3G9* �	 Y����  ">G91   Y�>�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

7.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

5-
04

 ]
 

                               8 / 9

https://dorl.net/dor/20.1001.1.24763594.1391.16.61.17.4
https://iutjournals.iut.ac.ir/jstnar/article-1-2441-fa.html


2 34�5 ���� %�6�� � 7� 5� $5*�)� (89 � ,:�9 5;<� � =#� �$...  

���  

  ��w "G91      C ��� Y��3G9* �	 +�� Y��?  $1T ��	 .  ?�J.� "���C

                g�>C �	 �>\� I �>tGN �>��S* $>F 	�($'�8>�( 2�($P �C "��C

:9�            �)($>'( ��	�>X1 Y�>H� ?>* 	(	 -�&>' " 91)      g�>C �$>! +�>9�

:9� �	�$=1 �	 #" 91) $'�(	 �(�^ ���S* ) 2�$P�.(  

  

K&��� D�5�  

C9�8&�   � �$N 	�%GHI B9:1)9 "    A�<1 �C �w 1 9>G" �� Y��+ #

�� 1 9>G"     1 �	 � J> , 1 Y��9>G"     * �	 c>1 Y�>�9    ��>� Y��3>G

C?  $1T ��	 .�8'� ( ~� X=� B9 C u9  )�0HK�' �C(��	3P� �,'�+ C 9 B

  �>\� I � �S0>�   ��>* A�<>1 W>*9'3" �� ?>GHP )( + J>> , 1 � 

1" $!�C. )�0HK�' �o(+ C 9        3>^ -($> a �S0>� � c1 B+ '  >9�0 .

 �K	3* A�<1+ ��F +  W* �\� I  �� A�<1+      c>1 � J> , 1 #

 (J�( `I�C�       � �$N � g�C �	 �Q'T �tGN ]9:1)9 > "  >1 "  	3>!

5�"1 ]K�* (� BKT �tGN " $K	.  

  

  

  

($;K!B $��� ����  
�. $�(+ Z #] 1.  #y 	�7I+  #( .   � ?C3�r. �($K	. ���� .���C" oM�9 23G=1 �!��"  �� 6�S53� +    >� 	�%GHI �C 9:1)9 > "  C	�( �	  >9L .

HK	 6;�X1 ?I3H.19( ��� Y3GI ��, * B���* #-(�. 

�. �3���+ 5�"# Z .���� .��� #�!�* �!(	 � �!(	�C �9:1)9 " .J*�1 �&' 	�QP K�,&'(	" -�QS\(. 

�. �3%G1"  #Y .� .� Y .Y .'(�Qe" .���� .]X' ��J�@1+�K �	 	�%GHI � 	37QC *9S9� 6;3<=1 )���&*+ .6(��&8'( ��,&'(	 C��9� 

}�$1# -(�Q� . 

4. Alloway, B.J. 2004. Zinc in Soils and Crop nutrition. International Zinc Association, Belgium.  

5. Boawn, L.C. and G.E. Leggett. 2002. Phosphorus and zinc concentrations in Russet Burbank potato tissues in 

relation to development of zinc deficiency symptoms. Soil Sci. Soc. Amer. J. 28: 229-232. 

6. Cortrufo, C., D.C. Nelson and E.P. Lana. 2008. Effect of micronutrient on yield, tuber-set and specific gravity of 

potatoes grown in North Dak. Amer. J. Potato Res. 10: 88-95. 

7. Faberio, C., F. Martin and J.A. de Juan. 2001. Yield and size of deficit irrigated potatoes. Agric. Water Manage. 48: 

255-266. 

8. Fageria, N.K. 2002. Influence of micronutrients on dry matter yield and interaction with other nutrients in annual 

crops. J. Pesquisa Agropecuaria Brasileria 37(12). 

9. Gill, M.A., S. Kanwal and T. Aziz. 2004. Difference in phosphorus-zinc interaction among sun flower, brassica and 

maize. Journal of Pakistan Agric. Sci. 41(2): 29-34. 

10. Heckman, J.R. 2000. Manganese needs of soils and crops in New Jersey. New Jersey Agricultural Experiment 

Station. FS. 973. Available in: www.rce.rutgers.edu. 

11. Hopkins, B. and J. Ellsworth. 2002. Phosphorus nutrition in potato production. J. Idaho Univ. 12(4): 75-80. 

12. Loneragan, J.F. and M.J. Webb. 1993. Interaction between zinc and other nutrients affecting the growth of plants. 

PP: 119-134. In: Robson, A.D. (Ed.), Zinc in Soils and Plants. Kluwer Academic Pub., Dordrecht.  

13. Marschner, H. 1995. Mineral Nutrition of Higher Plants. Academic Press, London, England. 

14. Mondal. T.N., H.S. Mishra and N.P. Singh. 2005. Effect of nutrition and irrigation on soil properties and yield of 

potato on a mollisoils in Tarai region of Uttarakhand. Department of Soil Science University of Agriculture and 

Technology. pp: 145-263.  

15. Mortvedet, J.J., P.N. Soltanpour, R.T. Zink and R.D. Davidson. 2006. Fertilizing potatoes. J. Colorado Univ. 17(6): 

28-39. 

16. Mousavi, S.R., M. Galavi and G. Ahmadi. 2007. Effect of zinc and manganese foliar application on yield, quality 

and enrichment on potato. Asian J. Plant Sci. 6(8): 1256-1260. 

17. Neue, H.U., C. Quijano, D. Senadhira and T. Setter. 1998. Strategies for dealing with micronutrient disorders and 

salinity in lowland rice system. J. Field Crops Res. 56: 139-155. 

18. Yilmaz, A., H. Ekiz, B. Torun, I. Gottekin, S. Karanlik, S.A. Bagci and I. Cakmak. 1997. Effect of different zinc 

concentration in wheat cultivars grown on zinc deficient calcareous soils. J. Plant Nutr. 20: 461-471. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

7.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

5-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.24763594.1391.16.61.17.4
https://iutjournals.iut.ac.ir/jstnar/article-1-2441-fa.html
http://www.tcpdf.org

