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  ��~$�;15 �&!�  �N ��B        � %(�N %$�
���� ��2 �� %15  �(&!�   ��(B
+1O1� ���"�� ��2 �� +1O1� (U�F&B ��� �� F$��B �,��� ��)3.(  

  62�� 	� ���� ���H�      ��"� [�&.� �� �F
�� 96 F=��  �  �  6$�&��~!
         [�(&.� �� M~� � F=�� 8!9 8$F�002/0    �!Q(�#�
� �   G	��9�(� 

F� F9F2 �9��) .M~� U�F&B     �T'� GN �� ��      F(_  �(;80-70  F(=��  
6��f��)��	 6!,�� ���!�NU�F&B 6��f� ��1$� 	� F]� � 
F2   �(�  ��

  �F!�� ����1� F_   ��F]; 4      F2 �
2�� U�F&B �� �� �H� �   ��    �(
�� e$

M5  �9��I 	�   �9��I ��F]; �9	   �� ��2        6(,�$ *��(� U�F&B �� �� �F)  .
   F2� 
��� [�f ��� ���!�N U�F&B     �(T'� GN �� ��      6(,�B ���(= )3 .(
    %!� �9�D&B ����18   �; 28 �I��  :�!Q&�        �(!!i
� 	�� �9��2 �f �� 

��� .       F2� 
��� �� �I�; �� �$�12�� U��	 �F��   %!� 12    �(; 14   6)�(� 
 8!J1;F$��B .  

  � �� ���O1�           F9F!(�� �(��� ��f �� U�F&B e$ �A�� 
�!B �� � �
   e$ 	� �$��� ��F9�   ��
�!
9��    �#��  U�F&!;�� 
�B gT�  F2  .  M~(�

�9��      �9�� ��F]; � 
F2 �FI L�K 	� �� L�(K � ��  �(� /���(2 F(2  � 

 F9F2 U	� .�9��            U�N �� � 
F(2 
��� ���(� 6(��5 �� �(��     ��(�� �� 70 

  �I��:�!Q&�    �F� �� 48  6)�(� �  (A e�     UN 	� M(5 �   �(9��9   �(�
F9F2 ���5 ���!1!��"N �i!; �� G�!�N e$ E��;) 3( .  

�((�
	�F((9� ��((J1� 8((� �((=�1) 6((J&K ��((!B /�� 	� L�-((�
     F2 
���
�� e�A U�!��F!Q��)3 .(  ��J1� %!�� �� e$    ���5 	� ��B 

���!B    6�� �� 001/0       
	��� �A�� � U	� F2 �
D$�.    M~(�  
	��(� 
�A�� 
��� �    ���� �� 550 �I��  :�!Q&�     �F� �� 5 6)�� �   ����  
���

F2 .	� 
���
�� �� M~�20  �
!" �&!�  e$�F($�&� F!(��  [�(��9 e($  �
    �12 ��I� ��� U��� ����_�     8�� ���!B �9��9   
F2   �(!a; 
��-) � 

F$��B .        �(=�1) U�+(!� 
��-) %$� ��       M(� � +(1O1� �%(�N �����   �(� 
��;� GHI 
�O
�� 	� 
���
�� [F� Shimadzu – AA 6400 6o��� 

F$��B .  ����
	�F9���!B ��Q, �   �!a; 
��-) 	�      �=�1) ���� 
F2 8(�-
L�-�   
���
��  � F2    ��Q, U�+!�   E��; �
��
,��
�~�� 
�O
��   [F(� 

Shimadzu U 73100 %!!];F$��B ) 2 � 3( .  GHI U�+!� �  F(=��
�$���� ��� (ZE%)[���, 	� ���F$��B ����.� �$	 ) 12.(  

)1         (                   6J&K ×  e�A U	� =  GHI(µg/pot)
                            ��� U�F� ���!; �� �9�� e�A U	�     
)2(ZE =   

                         U	� ��� 6$��� ���!; �� �9�� e�A  
� ����; �       UN �� w���� ���= � ����� �[��FI      F(=�� :��� �� ��

   ��� �$����  F(2 0;�� e7�� �� p�+� 	� 6(�� 
 .  ���(�  �(
a� @��
q;�!u          �$���(� ��� 6!=�A 	��� �� ����� �H� �=�1) 6J&K �   6(J&K 

F�N 6�F� +!9 ����� �H� �� �=�1))  [�FI2.(  
  

 ����1-�
� ��
���� � ������  !
�"�#� ��$%  &��'( )�
 �� ��
*+,
 ����   

.�
%  pHEC(dS/m)  
 �
��
�/0  

(%)  

4�0  
(%)  

 5��$+�6
7	

(%)

$*8�
 7%
9
;<�  

(mg/kg)

=�,
+> 
 7%
9
;<�

(mg/kg)

���* 
(mg/kg)

  

)�0*

(mg/kg)
@�*

(mg/kg)  
�ABA�*

(mg/kg)

��"  00/810/1  71/0  70/12  069/0  70/11  00/288  50/0  50/5  80/250/5  
 :*� ���� �� }��D
�DTPA
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 ����2-C�
�D0 �� ��
*+,
 ���� E
9�
 ���
� �<% �� $"
AF .G�H ) mg/kg(  
E
9�
  

$"
AF  21191-Ks01437G16Cos21470-Ks�
A���
	  �P(  21189-Ks)���  
Zn23/90  20/33  90/29  70/26  70/19  80/31  40/2660/20  
Fe  70/65  50/75  00/60  00/71  90/63  50/70  40/70  10/55  
Mn20/22  60/28  30/30  90/18  60/18  20/29  10/20  60/19  
Cu30/10  00/11  20/10  30/9  30/9  50/9  40/8  40/7  

(g/kg)P  23/4  57/5  90/4  89/4  06/5  16/5  13/4  21/4  

R'% � S�
+6  
 ��� �����	  

  F=��  ��� �$����        �� ��(�!; �� �9�� ���&�) 8!Q'; 	�    ��� ��(�
��    �9�� ���&�) ��    � ��� 6$��� ���!; �   F�N 6��)7   � 8 .(    :�(�� �(�

    %$�
�!� ��&=�_ V$�
9 ��� �$����    8�� �� 01437G    �(� 96    � F(=�� 
       �� [�1$���� 8�� �� ��F'� %$�
��46   F=��    F(2 
F���(�)  [�F(I4 .(

                 
F���(� ��� ��(��� ��(�!; �� ��(��� ���(�; �� ��� ��(��� 8o�)
F$��B^         �(� ������ �� 8o�) %$� �"�  (� ��� �$���     F1
(2�� ��
�(!� 

    � ��� �
��          F(2 �
�(!� ����� 	��� �F2 ��� �$���� *��� ��.   %($� 
             � �(B�� 	��&� �p�� UF2 �9�F9� �9�F9� � UF9�� e7�� ���2 8o�)

   ��� ����]�9� UF9�� e7�� .   ��� ��� ���) ��  �!� �� �    ��(��� 	� ��F�
                 � ���() F(2� ��(��� ��(�; � F($��O9 
F���(� ����� 8o�)  �(]!�f

F1
2�� .              +(!9 �(O$� %!(''.� E(��; �!��" �� ��� ����� ����� 8o�)
 
F2 /��+B6��) 12 � 13 .(  

  
 
��� �
����  

         [�F(I �� 
F2 �o��� V$�
9 :��� ��4         �(� ���� ��(��� ��(�!; �� �
  *��� ��� �$����     ̂6,�$ *��� +!9 �9�� U	�       6($��� ��(�!; �� �"�  

    F�9 [��9� F9�� %$� ��� . %$� ���_       �(9�� ���&�) %$�
�� � %$�
�!� [
          �� x&]
� 0!;�; �� ����� ST� �� �� ��      %$�;���(� 8(� � %$�;���(� 

 ��� 8�� .        ����� �� ���&�) *$�+,� F=�� ������� ��     ��� �$���(� �(�
�
��     ����� 	� �;#��    �
�!� ��� �$���� �� ���       F(=�� �(7�� �   �$���(�
���  6,�$ *��� �     !� *$�+,� ������ �� `��5   ��� U��9 ��
� . 6&)

         ��� ����� 8� ����� �
�!� 6!��Q_ ��� %$�        ��� ��(��� *1(; �(�
   �� �� F2�� ��  �� �� �d!
9�    ��� ��(� U��� �,     � �(; g$�(� *1(��� �
  �� U��9 �
�!�F1�� .          �(9�� ��(�&�) �� F9��� U��9 +!9 �O$� %!''.�

   ����� ��   ��� �J9 	� �;�����     ��� � ����� ���!; �� $   ��� 6
�!�  �  
��(�
         �(� ����� �� ���&�) *$�+,� F=�� �  ��� �$���(�  �(
�� �     ��(� �
�(!� 

)12 .(  
  

 ��� � 
��� �����  
        , �� %$� ���'
� ���u� � ��� �8�� �u�   L�K � �9�� ��F]; �� ��
��

�1]�       F�� �� U��9 �� ��� ���       �1]� 8�� �� �� 6�= �� %$� ����;-
      
� ���u� � ���� ST� � 
��� ���%$� ���'   �(1]� �(u� +(!9 ��
��, �� -

     
(2�� ���= %$� ��� ����  6(�� � ) [�F(I3 .(       ��(�!; �� �(9�� ��F(];
     ����� �� ���� ������;����     ����� 	� �
�!�     ��(� ���(� 8�      8(�� �� �(� �

����� 01437G�� � ��F'� %$�
�!�  8��8� %$�
�� [�1$���� ����� 
  ��F'���� .          ��(��� ����; �� �9�� ��F]; ��� ���) ��       �("� F(2 ��($	  �(�

  ��� �$���� *���          �
�!� ���� ST� �� %!� �9�� ��F]; *$�+,�  F(2 
)[�FI4.(  

  
 ����3-  50 CA���$% � 
��
��( @6
��
� ���T( S�
+6 �"P�
� �D
�6
 !
*" ���6
� ��� �$�U  

$*8�  @�  �ABA�  )�0  ���  
;<�
g/pot  

.G�H
g/kg

;<�
µg/pot

.G�H
mg/kg

;<�
µg/pot

.G�H
mg/kg

;<�
(µg/pot

.G�H
mg/kg

;<�
µg/pot

.G�H
mg/kg

 �
�V(
WPH

N/pot

 �
�V(
�6
�

N/pot

 5D�
�6
�  

g/pot  
 X%
A�

$��Y(!

* ** ** ** ** ** ** ** ** ** ** ** ** 8��

** ** ** ** ** ** ** ** ** ** ** ** ** Zn

** ns ** ns  ** ** ** * ns ** ** ** ** Zn×   
8��  

10/10 10/8 83/2 30/11 00/5 75/3 67/8 04/7 51/5 16/6 90/15 60/11 54/4 Cv
** �* � ns:�� �1]� 0!;�; ST� �� ���1 %� 5 %�1]� �F) ��� ����F2��.  
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   ��� ����� ���!; ���    L�K ��F]; %!� ���$	 ����; 0&K� ��I� ��

62�F9 .$� qQ� %        ����� �� 6�� ��� %$� ��$�B �"  8�  ��� ���(��;   8(� 
  ����� E$��2 ���    ����� F19�� �;�����   y��$�'; L�K ��F];      F(!"�; ���Q(� 

��F11�^        ����� L�K �� �9�� ��F]; �"�   �;#�� �$���� ��   �
�!�  ��(� .  �(�
 ��� ���)  L�K ��F]; � F2 ��$	 ����� ���; �� ��^  �� *$�+(,� %$� �"� 

     *$�+,� �� L�K ��F]; ��� �$����   �� ^��� �
�� ���f    ���� �� �� ��
   %$�
�!� �� ��� �$����       8(�� %!(1P�� � F9��� �� 21470-Ks  %($� �

  �1]� ��F]; *$�+,�   6Q!9 ���)[�FI4 .(      %!(''.� E(��; c���� %$�
�O$�� �B4$� ����� �� ��� �$����F2 
��� U��9 �!��" �����  )13.(  

         � /�; 8�� ���� �� �I�; 0"�I �
�921470-Ks   � 6�� %$�  �
  %$�     �(1]� ����; ��1$� �� �����           ST(� �� %!(� L�(K ��F(]; �� ����

  ����F1
2�F9     %!� �9�� ��F]; ����; �"� �      �� %($� �� ���(� ST� �� 
 �1]� 8��  ������     �� U��9 c���� %$� ��     (��� 6("�_ �� F�� ��� ��

  L�K 6�Q9 �8�� �� %$� ��L�K �� @�5 ���    �
�(!� �(5 ��(� ��(� 
)[�FI4.(  

  
 ;<� � .G�H $"
AF=	W$#� �<% �� $*8� �   

����  
   U��� #��       ����� ����� ����H� �� ��� 6J&K ��� ���� �� � F9��;

    ��� 8o�) 	��� *��� ��          �u�(� F(2� 
��� ��F(
�� �� ���   �("� ^F(2�
%!((!]; �((]��� 
F((11���� �$���((� F((19�� ��((O$� �((���) � 6Q((!9 

  �(�!
9{ ��!=�-A�    �(�   ��� �$���(�        6(�� �u�(� ��(��� ) �F(I[2 .(
      F9��� U��9 +!9 �O$� %!''.�        �� �&(=� ���) ����� �H� ��� 6J&K

    ��� �$���� U�+!�  ��(�1� 0("�K U{ e$ � 
���9 ������   �&(=� �(��) 
 ��� ����;)14.(  

         [�F(I �� 
F2 �o��� V$�
9 :��� ��5       ����H(� �� ��� 6(J&K �
 ����� ���;�            �(��� �� *$�+,� %$� �� 6,�$ *$�+,� ��� U��� �,��� ��  �

  ��������;�  ��� �
�!� .   ���� 6$��� ���!; ��      ��� �$���(� *��(� �� � 
        F1
(2�� ��;#�(� 6(J&K �;���(� ��(��� � �(
,�$ *��(� ��� 6J&K ^

 %$����((1� ���((� ��((��1� �((��) ���� 6(($��� ��((�!; �� ��� 6((J&K
    ��� ����� ��� �$���� �$���12 .      �(&) ���� ��(��� ���!; �� �"�  8(K�

1$�   � � %$�
�!� ��   �� ��� 6J&K %$�
�       8(� � %$�;���(� ���� 0!;�;
   8�� %$�;��������     6($��� ���!; F19��� �"�   ��� �$���(� *��(� �(� � 

    6,�O9 ���= *��� F9�� �   ���9 [��9� ��J1�  .  %($� �(�   ��(��� [�(_
  �;����       �� � 
��� U��9 ��A 	� ��;#�� ���&�)9N �� ��� ���   �(
�� �(a

  ��a�����    �� UN 6&) ��  � F9��;          	� 
���
(�� �� �
�(!� � �(
a� �$���
   GHI ���  
F2F2�� .        �!��" �� �O$� %!''.� E��; c���� %$�)5 ( �

  V9��)9 (q;   
F2 F!$6�� .             �� ��� 6(J&K �c�(��� %($� �(� �(I�; ��
      ��I� ��� ����� �� �T$��262��      �$�(��12 ���� ����1� sA�2 

  �����    ���9 ����
� ��� �$���� ��    ���; �� ��� 6J&K � y��$�'; �����  �� 
   
��F.� e$ 62�� ����) [�FI5 �    ����(�9 1(.       E(��; c�(��� %($� 

�I�_     U������ � �&��� S"�=)8 (   �!��" R&
D� ����� ���     �$���(� �J9 	� 
  6�� 
F2 /��+B ���.�� ����;   ��� ��(��� ��(�!; �� ��� 6J&K � 

��F2�� w���� ����� �H� �� ��� ����
� 6J&K �� F9��; )[�FI2.(  
         [�F(I �� 
F2 �o��� V$�
9 :��� ��6         �� +(1O1� � %(�N 6(J&K �

 ����� ���;�             6(,�$ *��(� ���(� ��(�!; �� ��� ����� ���!; 	�  .  %($�
  �� ������ �� *������ �$���� ��(� �
�!� �F1
2�� ��
�� .   *��(�
     �� E', %�N 6J&K%$�;����    � 8�� ��        %$�(
�� �(� �(���   �$���(�
�1]� F1
2�� �� ����� ��� �)[�FI3 � �����92.(  

  

  
����4- Z��� ��
�
	 �� WPH � �6
� �
�V( Z�6
� 5D� ��� .�
*	 � ��[�	 �
��( ��  

) 
���
F2 0;�� e7�� �� p�+� 	� ����� ��� �$���� :��� �� ��F9�(  
WPH �
�V(  �6
� �
�V( �6
� 5D�  )g/pot(   
+Zn -Zn +Zn -Zn +Zn -Zn

ZE% =9�  

14 13 43 39 40/16  30/15  93 01437G
16 15 46 37 80/14  50/13  91 /�;  
13 10 41 21 90/14  10/13  88 21189-Ks
17 8 34 25 50/14  10/12  83 16Cos
11 9 40 26 70/14  90/10  74 21470-Ks
12 7 47 22 40/16  10/10  62 21191-Ks
19 9 47 9 30/15  60/7  50 %!�A  
15 8 34 8 70/13  30/6  46 $����[�1  

3 6 20/1  9 *LSD
* :�1]� ����; ST� �� ���5 %U��	N ��LSD  
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���� 5 -  �� �6
� �� $"
AF .G�H ��� .�
*	 � ��[�	 �
��( ��)
���
F2 0;�� e7�� �� p�+� 	� ����� ��� ����� :��� �� ��F9�(.  
$*8�  @�  �ABA� )�0 ���  
(g/kg)  (mg/kg)  

+Zn -Zn +Zn -Zn +Zn -Zn +Zn -Zn +Zn -Zn
ZE% =9�

00/5 00/6 80/6 50/8 50/17 60/22 20/50 40/62 00/30 40/19 93 01437G
00/5 90/5 90/7 90/8 40/23 90/26 80/62 40/66 10/27 10/15 91 /�;  
70/3 00/4 50/8 50/9 70/20 00/23 20/74 70/81 50/25 40/16 88 21189-Ks
10/4 20/5 50/7 30/9 10/26 90/28 80/49 00/54 20/26 30/17 83 16Cos  
10/4 10/5 30/9 70/9 00/18 70/19 20/74 50/79 10/24 80/16 74 21470-Ks
90/3 20/5 10/11 80/11 50/21 10/24 70/69 00/84 40/23 40/18 62 21191-Ks
10/4 50/5 20/7 90/8 50/19 80/27 90/58 70/78 40/19 00/14 50 %!�A  
80/4 20/6 60/8 90/11 40/19 70/26 10/71 30/92 00/19 20/12 46 [�1$����

65/0 70/1 40/1  10/8  10/2 9  *LSD
*:�1]� ����;  ST� �� ���5%U��	N ��  LSD          

  
 � %$�      �1]� ����� ���; �� +1O1� �� *��  ��(� ��� .     � %(�N 6(J&K

       ����� �� �� �=�A F9�� +1O1�R&
D�        �(� ��(�!; �� �(� ��    [�(�9� ��
��9^���   %$����1�   ��9    F�� �� �J       ���(� �� �J9��a�� ���� ���= %$�

 ��� �$����   ��9 0��1� �����   F12��) [�F(I5 .(       	� 8(� ��Q(, 6(J&K
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*	 � ��[�	 �) 
������� :��� �� ��
F2 0;�� e7�� �� p�+� 	� ��� �$F9�.(  

$*8�  @�  �ABA� )�0  ���  
)g/pot(    )g/potµ(      

+Zn -Zn +Zn -Zn +Zn -Zn +Zn -Zn +Zn  -Zn

ZE% =9�  

83  92  112  130  287  346  825  955  511 297  93  01437G  
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Abstract
Due to zinc deficiency of agricultural lands and fertilizer application problems, use of zinc efficient cultivars 

is considered a suitable way for the compensation of this deficiency and increasing the yield of the agricultural 
products. In this research, zinc efficiency of eight common bean cultivars was studied based on the seed yields in 
two treatments of zinc fertilizer (0 and a 10 mg/kg per soil treatment) in greenhouse condition. The concentration 
and the uptake of the micronutrients and phosphorus as well as yield component of various cultivars in the two 
levels of fertilizer was measured. The results showed that the G01437 cultivar with 93% and the Cardinal 
cultivar with 46% had the most and least zinc efficiency, respectively. The cultivars with more zinc efficiency in 
the zinc deficient treatment had more seed weight, seed numbers and pod numbers, whereas the response of the 
cultivars with less zinc efficiency to the zinc application was higher. In the treatment of zinc sufficiency among 
various cultivars, these characteristics had less difference. The concentration and the uptake of zinc with zinc 
application increased in all of the cultivars. This increase was more in the cultivars with higher zinc efficiency. 
The concentration of the other elements with zinc application decreased while their uptakes increased except in 
the cultivars with higher zinc efficiency. Overall, due to ability of produce higher yield in zinc deficiency 
conditions, using of the cultivars with higher zinc efficiency is a suitable strategy for the compensation of zinc 
deficiency in agricultural lands.

Keywords: Common bean, Zinc efficiency, Zinc concentration, Zinc uptake, Micronutrient 
  

������������������������������������������������������������
1,2,3- MSc Student, Associate Professor and Assistant Professor, Department of Soil Science Engineering, College of 
Agriculture and Natural Resources, University of Tehran, Respectively 
(* -Corresponding Author Email: mohsenbeygi63@gmail.com) 


