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 ��%��8 ,�� "���39  ��%� ;�����8�< ,�� "����.  ����� ,�� "����52  ;���0 ��%� ,�� "���9/.  ,�� "���

 ������ )$����8 �8�� ������ 1� (2�/�  ��*������< ,�� "���) �������
��� ��*������< 1� (�5/-  ,�� "���D = 

 ������.55/. �� "���.  

?  :�����	�
�� ������ �� �� 
� ����� :Mn(MnSO4.H2O) �..  ,�� "���Zn (ZnSO4.7H2O) �..  ,�� "���Fe 

(FeSO4.7H2O) 2.  ,�� "���Cu (CuSO4.5H2O) �.  ,�� "���I (Ca(IO3).H2O) �� "��� ;�.  

  

� �,	8� ��1�	P )1' rg (1� +< �.�' ��1�	7/ '� 

(@[] (9�9 FE�M/ �O
 81' �)	� () S-}
�-� p�^F
�  '

�F7$ �
�E. F#�]/ 1� >I�)�<= �G��/ 8�) 3��E 

;V�] ;�"$ >E�M �-(� ' 8� ' )+k/ (C�Z� #0E/ 

9�� 1�� '	�
�E � .�-��'+, 8�O-� ' )+k/ <�� �- (j

�-�1��
� ��
+, 3��$ (EK ' 8� ;(�M-+= �E .() �_�� 

@�--� �A� ��'+,-� ' )+k/ ;(EK 1� +< �+0� 	S 

(@[] (9�9 � �� !� M1'/ X�^
 Q[] B' ()/ 

�F7$ ' |�� � ���= !�� (9� F
��/��+M �R�� 

�+M	� .� 8��1 ��R
� ��1�	P (EK�< () B' )-+0 ' 

3� (Bregendahl et al., 2002; Baker & Sell, 1994) 


H�#<-�O ' �|� (
�#
�</	 1� 8��< ��-( �+M	� .OR�	 (

�Z� '-��� 3= ���� V��] � �<	��1� S	�F$�I P	 �) 3

�+
 1� ����F�� �OI�SAS ' '	 (GLM �E ��R
� .  

�f� >�9	� (�-}
�-�� 1� �<(���� ��k 8��1�=  �0
��

(SAS, 1998) �+M ����F��	�.  
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�	��!�" �: �#$%& 
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 -#(#���. ��#/0�" ...  ��L 

  بحث ج وينتا

�F
	� +<�� �+0�#X () `�)+� 5��A= 3��E +U	V 

�"�	3 �%&/	; x+Y� a��G ' 81' ��
/	 8�) � 

�'��9 � ' � ��E (4�� >�� .+) m��� �	� ;(@��[� 

P<�$ i[� ��'+,-� 9-�+ �� �� �A� � �'� �E 

D��-+ �@�/ ��= +) +U	V �"�	3 �%&/	; �-8�O a��G 

I+Y�/ ' 81' 8�) (9�9�< � �'��<= 
��1/ �� �� 

tu /M1' ' t� �� rg /M1' (FE��
  >��)�d/� <p.(  

+) m��� fZ�-;��E ��R
� 5�f � 8��1 9-�+�
	�/ 

+) m��� ���@� ��-�<�= ��-�) (�	� i[� �]��./ �+)= 

��'+,-� ��G � +_
 (FI+M ��E .i[� 3]��. �+)= 

q�. ��1�) p��[� (9�9�<= FE�M/ �� �� !� 

M1'/; �� �A� �6X� ��E >�� .��� �) (9�� () �	(0� 

� ��#�/ �	� 5�@��[� 1� 
-1� ��-�<�= ��-(� '+U= 

m���+)  �'��9NRC 1994 ����F�� ��E >�� ' � �	� 

fZ�-J 1� o�[� +�K�) 
-1� ��-�<�= (�-�� '+U= 

),-����7 >$+E ���-����$� (9�9 FE�M/ m� (� 

_��-2 9-�+�< ����F�� �E ' �j#<-� �+)= ���@F� 

8��#
 ��-�<�= (�-�� 9-�+ () �9= ��f�	+ 3$ ($ � 

V�&� 5�@��[� (FE%M ��� ����F�� �+] �/>I+M 1� 

��f�	+ �)�]-> 2L< �	����/ ���
�F�� ��E ����F�� ��E 

�>�� �+)��)	�  �/8��� X��� �+$ ($ >Z� �	� �+E	;� 

P<�$ i[� ��'+,-� 9-�+ �� i[� �� �A� � �'� 

;�E 8'�) �	(0� Dl�-+= +) �+0�#X ��
+, (FE�� ;�E�) 

8�0��%,	+ >��.  

+) m��� �'�9 � ' � ����F�� 1� ��� 
�$-F-� � 

9-;�+ D��-+ �@�/ ��= +) +U	V �"�	3 ;a��G �-8�O 

a��G I+Y�/ ' 81' 8�) 9�9(�< � '� �'� 
��1 /

�� �� �� M1'/ ' �� �� !� M1'/ >E��
. Xu et al. 

(2003) B�OM �
�+$ ($ o�[� !�; ��; �� ' ��� 

�-�/�+M ��� 
�$-F-� � +< $-�+M�� 1� 9-�+ �<= 

1�&�	;� �E ' �,	
�/ Dl�-+ �@�/��= +) +U	V �"�	3 

�%&/	; a��G I+Y�/ ' 81' 8�) ���
. Barker & 

Sell (1994) 
-O Dl�-+ 8�'OI� o�[� �; �� ' ��� 

�-�/�+M ��� 
�$-F-� � +< $-�+M�� 1� 9-�+�</	 ($ 

1� +_
 �-8�O )+k/ 5'��F� �
��) � +) �+0�#X 

(9�9 �<= FE�M/ ��� �+)/ �+] �
��� ' <-n +D� 

�@�/��= 1� ��� 
�$-F-� +) +U	V �"�	3 �%&/	 � 

�� � �� �� M1'/ ��<�7� �
�+0
 .� fZ�-5�f �	+} 


-O �k-� �F
	R/ ��<�7� �+M	�(Leibetseder, 1995; 

Buyse et al.,2001; Lein & Horng, 2001; Xu et al.,.  

2003).

  

+�2/ �, M�(N� ?�@� �#$�& *�!� +	, -#(#���. -#B&��C � ��7 �E �	O#� <��G ���	=P *�2Q&   
�)� ���R� � S�T� U	��7 �
 ���
 �V �& �� �W)��  

����� ���	
 
���/���� 

��� ������ 
���/ ���� 

����� ���� 
���	
/ ��� ������ 

����� 
��!"�#����$ "�%���� 

&'( )&* +,/- . +- 
&'* ))' (./- &. +- 
&'. ))) (-/- . &/-0 
&'- )(( ()/- &. &/-0 
&0( ))0 (-/- . -' 
*-* )&0 (&/- &. -' 
+( -. .(/. SEM 
NS NS NS ���#1� P< 

    
   "�%���� 2	34(%) 
&'& )&+ 89/: +- 
&'- )(0 (+/- &/-0 
*.) )&+ ((/- -' 
-* 0-/-+ .+/. SEM 
NS NS NS ���#1� P< 

    
   �� 2	34!"�#����$)mg/kg( 
&'& ))0 (./- . 
&,+ ))& ((/- &. 
-( -' .-/. SEM 
NS NS NS ���#1� P< 
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���             ���� ��	
 ��� �	��	 ���
�� ����� �� ����� 

+�2/ �, �#$�& M�(N� ?�@� *�!� +	, -#(#���. -#B&��C � ��7 �E �	O#� <��G ���	=P *�2Q&   

�)� ���R� � S�T� U	��7 �
 ���
 �V �& �� �W)��  
>0�R; S���L 

K�T/ �67�: 
D�� U���0� 

K�T/ �67�: 
<�6V� W��X 

S���L/ D�� U���0� 
����� 

@��*�9�7��' *�M���:  

YZ[Z Y\]^ ��/� \ _Y 
Y`Y^ Y\]a ZZ/Y Z\ _Y 
Y`Y^ Y\b\ ZY/Y \ Z/Ya 
YZaY Y\]b Z`/Y Z\ Z/Ya 
YZ[_ Y\\Z Zb/Y \ Y[  

Y`b^ Y\b\ Z`/Y Z\ Y[ 
]` Y_ \_/\ SEM 
NS NS NS @��9c�  P< 
    
   *�M���: d�e! (%) 

YZaa Y\]b ��/� _Y 
Y`YZ Y\Z] Z]/Y Z/Ya 
Y`_[ Y\][ Z`/Y Y[ 
_Z Y^ \Y/\ SEM 
NS NS NS @��9c� P< 
    
   @� d�e!� *�9�7��')mg/kg( 

YZa] Y\]` Z^/Y \ 
Y`_` Y\^[ Z`/Y Z\ 
_Y [/[ \Y/\ SEM 
NS NS NS @��9c� P< 

  

Dl�-+ i[� ��'+,-� ��G �) q�. I'+,-3 A��-( ��E 

��-�<�= ��-(� '+U= +) �A� 81' V�] ' ;�"$ �A� 

81' 8��< ' �-(� 1� 3$ ;8�) � <-j-S 1� �-�<�# 

�@�/�� ��"
 ��� )+k/ (C�Z� #0E/ () 30E �@�/ 

��= >Z� Dl�-+ ��'+,-� ��G 9-�+  >I+M�+])�'�9�( 

($ �) �F
	� ��	+ fZ�-5�f >f)�[� ��� (Namroud et 

al., 2008; Yamazaki, 2006; Aletor et al., 2000) .

K�#F.� >�X �OI�	P �-8�O )+k/ (C�Z� #0E/ � +D� 

P<�$ i[� ��'+,-� ��G 9-�+ �	� >�� ($ �) P<�$ 

i[� ��'+,-� 9-�+ 1� �-8�O ��-�<�= ��-(� ��1�� 

��9�� � 9-�+ (F��$ �/��E ' � F
-(R H+
�= 

+F#$= �+)= QI� 8��< () 30E ��-� '�	S x+Y� 

�<��G �E ($ +R�� () �OI�	P Gv-�+ )+k/ � (C�Z� 

#0E/ �/��+M.  

� ��� �-8�O )+k/ (C�Z� #0E/; ����F�� 1� 

3#0� ��� 
�$-F-� � 9-�+ () 30E �@�/��= �-8�O 

8� � P<�$ ��� )�'�9 � .(fZ�-5�f �	+}= +D� 

����F�� 1� 3#0� ��� 
�$-F-� +) P<�$ )+k/ (C�Z� 

#0E/ � (9�9�<= FE�M/ � B�OM �
�+$ (Lettner 

et al., 1992; Rabie & Szilagyi, 1998; Buyse et al.,. 

2001; Xu et al., 2003) .+) m��� fZ�-��E ��R
� 5�f 

��� 
�$-F-� 1� +C	J P<�$ ��@I-> O
�	2�<= +DW� � 

OF�� ��-�<�= p+k \X�) P<�$ )+k/ (C�Z� #0E/ 

�/��+M .�	� O
�	2�< 3��E OM��M � � � 5���I 

<�-;1�
H'� ���-S <�-1�
H'� ' �	�'O-5�+F <�-1�
H'� 

�/��E�) )Xu et al, 2003( .�) ��@I P<�$-> �	� 

O
�	2 �< � �����<= >I�) )+k/ 1	+ ��9=; 1� �-8�O 

OF�� ��-�<�= p+k (F��$ ��E ' � F
-(R 1� �-8�O 

Gv-�+ )+k/ 
-O (F��$ �/��E.  

���� ;S7G )+k/ ' ��'+,-� ��9�� � <��-(j 

�-;(� <��-(j 8� ' (EK 3��$ ;��
+, 1� �	+} 5��A 

��� ��[�(@ �
��) ($ � �	� �-8� ���� 5'���  �@�/�� 

)-� �-;�<�# � ��� )+k/ ��<�7� �+M	� ) �'��9�; 

�  '� .(8�j#< �F
	� `�)+� () )+k/ (C�Z� #0E/; 

�) P<�$ i[� ��'+,-� ��G 9-;�+ �-8�O )+k/ ��9�� 

<�� �-(j  �-;(�  8�  '  (EK  3��$  ��
+,  ()  30E  
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�'(�	� )	 *�!�  +	, �
 -#(#���. ��#/0�" ...  ��� 

  

+�2/ �, M�(N� ?�@� �#$�& *�!� +	, -#(#���. -#B&��C � ��7 24�
 �E 0	O/	 ��X  

 +@�A� "��B

"#CD (%) 

F�
   

(%) 

+��%  

(%) 

�7� 

(%) 

G�H 

(%) 


�#�� 

&�=����8
�� ��I���<  

JK/L  ab MN/LJ OP/QL LN/Q RM/S S QL 

OJ/L  b JM/LJ PR/QQ QS/Q RO/S RS QL 

J/L  ab NM/LJ SN/QL LL/Q RR/S S R/LJ 

NK/L  ab NO/LN SQ/QL LQ/Q RN/S RS R/LJ 

SR/Q  a KN/LJ OO/QS LK/Q RQ/S S LN 

N/L  ab P/LN PO/QS JP/L RR/S RS LN 

SM/S RN/S PQ/S SJ/S SQ/S SEM  

SR/S NS NS NS NS  &�#�!�P< 

      
     ��I���< T�U%(%) 

NL/L  b PL/LJ QL/QQ L/Q RR/S QL 

NO/L  ab KO/LJ SR/QL L/Q RO/S R/LJ 

JK/L  a SR/LJ PL/QS L/Q RM/S LN 

SK/S ML/S RL/S SO/S SL/S SEM 

SR/S NS NS NS NS &�#�!� P<  

      
     &� T�U%= ����8
��(mg/kg)  

JK/L  a RP/LJ LK/QL L/Q RM/S S  

PJ/L  b LP/LJ RL/QL L/Q RO/S RS 

SQ/S KK/S ML/S SR/S SL/S SEM 

SR/S NS NS NS NS &�#�!� P< 

  

+�2/ 9, M�(N� ?�@� �#$�& *�!� +	, -#(#���. -#B&��C � ��7 �E 24�
�E �-#B&��C   

�E�Y � �
�� Z87 �[#"�� �	�  

F�
 ��I���<  

(%) 

F�
 "��B  

(%) 

F�
 ;V� ���� 

(%) 


�#�� 

&�=����8
�� ��I���< 

MM/QS  MR/O  ab 39/�3 S QL 

QQ/QS  RL/R  b PN/PK RS QL 

QK/QS  JQ/O  ab PR/PQ S R/LJ 

SN/LJ  NQ/R  b JJ/PK RS R/LJ 

PS/LJ  PL/P  a PL/PQ S LN 

LK/QS  OJ/O  ab QL/PK RS LN 

M/S  R/S  R/S SEM 

NS SR/S  NS &�#�!� P< 

    
   ��I���< T�U%(%) 

KK/QS  JN/R  b 29/�3 QL 

OO/LJ  KP/O  ab KP/PK R/LJ 

JL/LJ  QL/P  a JO/PQ LN 

QN/S  KR/S  KR/S SEM 

NS SR/S  NS &�#�!� P< 

    
   &� T�U%= ����8
��)mg/kg( 

LQ/QS  SK/P  a JR/PQ S 

NL/LJ  SL/O  b OO/PK RS 

QK/S  QJ/S  QN/S SEM 

NS SR/S  NS &�#�!� P< 
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�9V             ���� ��	
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+�2/ L, M�(N� ?�@� �#$�& *�!� +	, -#(#���. -#B&��C � ��7 �E 24�
 �E �-#B&��C   

�E�Y � �
�� Z87 �[#"�� �F#�  
I���<+��% �� 

(%) 

 +��% "��B 

(%) 

+��% ;V� ���� 

(%) 


�#�� 

&�=����8
�� ��I���<  

PO/QK  QM/L  b 5W/��  S QL 

NK/QK  KQ/L  b MP/PM  RS QL 

NJ/QK  KR/L  b QJ/PM  S R/LJ 

KR/QK  RO/L  ab RK/PM  RS R/LJ 

PR/QK  NL/L  ab LK/PM  S LN 

ML/QK  LN/Q  a KQ/PM  RS LN 

QM/S  QM/S  QN/S  SEM 

NS SR/S  NS &�#�!� P< 

    
   ��I���< T�U% (%) 

N/QK  QN/L  b 5/��  QL 

OQ/QK  MO/L  b M/PM  R/LJ 

RN/QK  JJ/L  a Q/PM  LN 

LP/S  LP/S  LJ/S  SEM 

NS SR/S  NS &�#�!� P< 

    
   &� T�U%= ����8
��)mg/kg( 

N/QK  MP/L  KP/PM  S 

RM/QK  ON/L  MP/PM  RS 

LM/S  LM/S  LO/S  SEM 

NS NS NS &�#�!� P< 

  

+�2/ �, M�(N� ?�@� �#$�& *�!� +	, -#(#���. -#B&��C � ��7 �E 24�
 �-#B&��C  

�E�Y � �
�� Z87 ��X *��.  
+DX ��I���< 

(%) 

+DX "��B 

(%) 

+DX ;V� ���� 

(%) 


�#�� 

&�=����8
�� ��I���<  

QP/LO LJ/J b 5-/3� S QL 

LR/LO LN/J b RQ/KM RS QL 

LM/LO RR/J b QR/KR S R/LJ 

RO/LO KK/J b MR/KM RS R/LJ 

PL/LR KN/LS a P/KM S LN 

RP/LR QJ/J b SR/KM RS LN 

P/S QM/S R/S SEM 

NS SR/S NS &�#�!� P< 

    
   ��I���< T�U%(%) 

QL/LO LN/J a 2�/3� QL 

KK/LO MM/J ab NR/KM R/LJ 

OM/LR NM/J a KP/KR LN 

MJ/S LP/S KO/S SEM 

NS SR/S NS &�#�!� P< 

    
   &� T�U%= ����8
��)mg/kg( 

SK/LO PL/J a N/KM S 

SJ/LO QO/J b KR RS 

M/S LM/S KL/S SEM 

NS SR/S NS &�#�!� P< 
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�	��!�" �: �#$%& 
�'(�	� )	 *�!�  +	, �
 -#(#���. ��#/0�" ...  �9� 

  

�@�/��= �OI�	P >I�	 .() �	� 5�A ($ �) P<�$ 

(�, =� ��'+,-� ��G 9-;�+ ��f� )+k/ 
-O () 30E 

(�, =� �OI�	P �/	�)� .  

� Q]�' �OI�	P ��<�7� ��E � ��� )+k/ ��9�� 

� <��-(j 8� ' (EK 3��$ ��
+, � )-� �-�<�#= 

���= !� ' �/�� �A� ��'+,-� ��G �@�/ �� ��"
 ��� 

�) P<�$ i[� ��'+,-� () �� ;�A� () 30E 

�@�/ ��= )-+F7 1� 9-�+�<= '�.= !� �A� ��'+,-� 

��G �+M	� .� ��� )+k/ ��9�� � <��-(j �-(� (
 

���� �	� x6FG� � )-� �-�<�#= ���= !� ' �� 

�A� ��'+,-� ��G ��<�7� ;�E (0�) )-� �-�<�#= 

���= �/�� �A� ��'+,-� ��G ' �� �A� 
-O x6FG� 

�@�/��= ��<�7� �E. 5�+D� P<�$ i[� ��'+,-� 

��G 9-+) �+ �OI�	P Gv-�+ )+k/ � 8�) C-� ���� 

5�@��[� ��@F�= l�-	� ��E >�� (Parr & Summers, 

1990; Aletor et al., 2000; Bregendhal et al., 2002;.  

Yamazaki, 2006; Namroud et al., 2008).  

����F�� 1� ��� 
�$-F-� 9�-�+ x+A +_
 1� i[� 

��'+,-� 9-;�+ () 30E �@�/��= V"� P<�$ )+k/ 

��9�� <��-(j 8� ' )+k/ 3$ (EK �/��+M 

)��/�<p .(  

+) m��� �F
	� fZ�-J ;+U�. P<�$ i[� ��'+,-� 

9-�+ �) (9�� () q�. I'+,-3 ��-�<�= (�-�� '+U= 

>_�& �'+F0��->�<= ��9�� � �#�6, � � ��-� �� 

' !� M1'/ >Z� Dl�-+ �+] �/�<� .� Q]�' � �� 

�� M1'/ �-8�O 	8��<= ��	;2 ��F,-2 ' +�$ �) 

P<�$ i[� ��'+,-� � 9-�+�< () 30E �@�/��= � 

'� i[� �/�� ' �� �A� �OI�	P 	>I� .� �� !� 

M1'/ 
-O �k-� �F
	R/ � ��� �-8�O ��	2 ' +�$ 

��9�� � �#�6, ��<�7� �E ��� �-8�O ��F,-2 ��9�� 

� ;�#�6, � )-� �-�<�#= ��9�� 5'��� �@�/��= � 

8�7
 ��
� ) �'�9�(.  

�OI�	P �-8�O �'+F0��->�< � �#�6, 8�7
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