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����  ABSTRACT   ����  

 

Field experiment was conducted during the season (2011 – 2012) at Bhanine village 

in Tartous city. Maize seeds of Ghouta 82 variety were planted in plastic pots filled with 

calcareous soil .Treatments including three levels of B (0, 3, and 6 kg.ha
−1

) and four levels 

of Zn (0, 8, 16 and 24 kg.ha
−1

) added to the soil, in a completely randomized block design 

with three replications, to study the effect of different levels of boron and zinc and their 

interactions on maize content of some nutrients. Results of this study showed that there 

was a clear effect of B and Zn and their interactions in soil on leaf content of Mn, Fe and 

Cu. High amounts of zinc in the soil had a clear effect on reduced leaves content of  B and 

increased its content of K. The presence of a of B in the soil, assisted to increasing of leaf  

N content. There was a significant effect of B and Zn interaction on leaf content of Zn, and 

no effect on leaf P content. 
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��� #��R� ���.,��� /�� ���$,� Q��* C�	� �C  ?�  
 X��
/ �C	�� JD.
$ /3 /�� ���$,� Q��* C�	� / � C9.E�� ���.,��� j��	.� �C ���.,���(Zn2B0)  B N.2��
 5��� /�� ���$,� Q��* C�	� ���.,��� (Zn2B0) � j��	����	
�� ���., ���.,��� �0��
 /�� )* B )Zn1B1( 

 ���	
�� ���.,� j��	 ?�  N.��$,��@ z  �% � ��!T� /� Q���R� F�
��� %��
� ?� � ���.,��� q�9%2.44 
 C9.E�� ���.,� )* ��!�� F�
�� H��� /.( .�$��%2.33 ���.,��� )* �1(Zn2B0) %2.34. �$ /�  5�

Q�%� �� )
�� ���.,���  ?�@ C�,� ��9� C9.E�.� �$�.�� ���.,��� )0.� /� 0� .A�* ��!T� !�(�
 /.( /������ .A�*
 )�.
�.�� Z�2��� ��$�� )* /������ ��1+
/����� !�!,��C� ) Z�2��� O%���� ��.�� 2010 ��C �9 =�� ����
�.(
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 �.D�!	 �� B-.�
��� �C�C	 j0��� /��(
 )* /��������0.$ � )* �.$���� � ���	�� =�� O%�� ��.�� �C.�!
-.�
�h� C�!� ��9� .A$� C,� /� h� -.�
� /�.�� )2�R� ������  ��$C,� ���� /� P����)Taiz and 

Zeiger,1998 ��C.$�� ��.$,�� H,� -�$ ��1+
 j� Q*��
� ��9�.()*  !�!,�� C� ) ��!T� /� /%��� Q���� F�
��
B�����2003.(  

 :H����"
 �<���� �"#���
�	  �� B
�J
 K���� *�+ &�+�%��%	
)ppm(:  
/ �C	�� )* JD.
$�� ��
�4:/  

  
/4���	
4 :/ 7��� ��"#�  ������� ��F�<8
��� ����	
� ���	
�� �%��%	
 �� ����	
 K����(ppm) :�@�0
 ���� ��  

�.��
�� Zn  
�.��
��B 

Zn0 

 

Zn1 

 

Zn2 

  

Zn3 

  

%��
���  

B0  33ab 40ab 38ab 34ab 36   
B1  35ab 38ab 29a 37ab 36 
B2  34ab 40ab 38ab 41b 38 

%��
��� 34 39 35 37   
  LSD0.05  

9.922 

 X��
/ �C	�� JD.
$ /4 /�� ���$,� Q��* C�	� �C  / j��	 JD.
$ j� H0.$
� ��9� C9.E��� ���	
�� ���.,�
Aref 2012)Z��� ( �������� F�
�� C��!
 C	� Q��%
 �C.�! j� Q���R� )* C���
�� �=$!�. �� ���$�. ����� P��$

�������.� ������� ����(�� ���
�� )* [��!���.  
 :H�"	�"��
�	
 �<���� �"#� ��  �� B
�J
 K���� &�+��������	
%:  

/ �C	�� )* JD.
$�� ��
�5:/ 
  

/4���	
5 :/ 7��� � �"#�������� 8
��� ����	
� ���	
 ��F�<�� ��������	
 �� ����	
 K����% :�@�0
 ���� ��  

�.��
�� Zn  
�.��
��B 

Zn0 
 

Zn1 

 

Zn2 

  

Zn3 

  

%��
���  

B0  3.53b 3.09ab 2.34a  2.51a 2.87   
B1  3.71b 2.69a  2.58a 3 ab 2.99 
B2  3.63b 3.45b 2.65a  2.58a  3.08 

%��
��� 3.62 3.07 2.52 2.7   
  LSD0.05  

0.66  
�
 X�/ �C	�� JD.
$ /5 C�	� / /� Q���R� F�
�� )* Z�$,� H.��$�%K )* ���.,��� )Zn2B0 BZn3B0 B
Zn1B1 BZn2B1BZn2B2 BZn3B2 (BC9.E�� j� �$�.���@ z ���.,��� )* ����.
���� F�
�� H��� 5���   



,� !�(�
 )* =$!��� /�����.� ���G
�� ��1+
������� ����� �.�$ )* ��D��G�� ��.$,�� H                                  V�C B?�� ��  

308 

) (Zn2B0)%2.337) C9.E�� )* /.( .�$�� B(%3.53.(  � /� Q����� F�
�� ?� � /.(%K  )*
)���.,���Zn0B1((%3.707)   � ���.,��� )* ����.
���� F�
�� H���(Zn2B0) )%2.337(./@  =$!�� Q��%


 JD.
$ j� H0.$
� ��9� �.�$�� )* ����.
���� F�
�� �C.�! j$� /������ j� N.�*��
� �� qC����Aref 2012) /(��.(
 N.2.��$� 	�
 �� qC���� /������ .A�* Q�% )
�� ���.,��� ��9�.C9.E�.� �$�.�� �.�$�� )* ����.
���� F�
�� )*

 ���R� -.�
�� )* �1{� Z��� �.��� =��
 )�.
�.�� )0���� O%���� (E
� Z�2��� ��$�� )* /������ ��C� ����
 /����� !�!,��C� ) JD.
$ j� Q*��
� ��9� .A,�!�
�2010(  )* ����.
���� ���$ )* H.��$� ��(� /� O2�� Z���

 ���./������ �*.2@ �C  C$  /.( /%��� Q�  

  
 :H���

 �<���� �"#���
�	 ��  �� B
�J
 K��������	
 )ppm(:  

/ �C	�� )* JD.
$�� ��
�6:/  
  

/4���	
6:/  7����  �"#� ������� ��F�<8
��� ����	
� ���	
��  ����	
 �� ����	
 K����ppm  ���� ���@�0
:  

�.��
�� Zn  
�.��
��B  

Zn0 
 

Zn1 

 

Zn2 

  

Zn3 

  

%��
���  

B0  52.9c 30.1ab 18.4a 19.1a 30.13   
B1  21.3a 16.2a 39.7bc 45.6bc 30.7 
B2  45.6c 50.5bc 46.8c 82.8d 56.43 

%��
��� 39.93 32.27 34.97 49.17   
  LSD0.05  

14.65 
 X��
JD.
$ / / �C	��6 / /�) ���.,���Zn1B0BZn2B0BZn3B0BZn0B1BZn1B1 N.��$,� N.2.��$� ��A5� (
F�
�� )* /������ /� Q���R�  j� �$�.��C9.E�� ���.,��� j�� F��R� �@ z  5�����F�
��  N.2.��$� �1(R�  /������

) ���.,��� )*Zn1B1( )ppm 16.18) C9.E�� /.( .�$�� B(ppm52.94(���.,��� �0��
 N.2��. )Zn3B2 N.��$,� (
�� j��	 ?� � C9.E�� ?�  /������ /� Q���R� F�
�� I�� /� F��R� ���.,��@ z ) ;��ppm82.8( ���.,��� )* 

)Zn3B2 (
� ��9�H0.$  j�JD.
$Aref 2011 c)(  Z���/� �(�  �(��
 H��� .��� =$!�� Q��%
 /������ � �%� ���
P
��� �.�$�� )*.  JD.
$ j� Q*��
� P$(�Aref 2011c)� =$!�� Q��%
 C$  ( /� qC���C�� �@ z/������ Q��%
 /� �A

/������ -.�
�� ���
 )* =$!�� .9C$  ) /�ppm52.9) ���.,��� )* (Zn0B0) ?�@ (pp 19.1 ���.,��� )* (
)Zn3B0(  .  
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 :H����8
 �<���� �"#���
�	 �� ���	
 �� B
�J
 K����)ppm(:  
/ �C	�� )* JD.
$�� ��
�7:/  

  
/4���	
7:/  7����  �"#� �������  ��F�<8
��� ����	
� ���	
��  ���	
 �� ����	
 K����ppm  ���� ���@�0
:  

�.��
�� Zn  
�.��
�� B 

Zn0 
 

Zn1 

 

Zn2 

  

Zn3 

  

%��
���  

B0  26.38a 29.08b 29.82b 31.42bc 29.18   
B1  31.54bc 33.58cd 33.88cd 34.91d 33.48 
B2  39.66e 42.03ef 43.31fg 44.76g 42.44 

���%�� 32.53 34.9 35.67 37.03   

  LSD0.05  
2.524 

�$/ �C	�� /� 5�7/�� ���$,� Q��* C�	� / C9.E��� ���	
�� ���.,� j��	 �@ z  )* =$!�� F�
�� ;��
) C9.E�� )* Q���R�ppm26.38) ���.,��� )* 5��� F�
�� ?� ��B(Zn3B2 ( �@ z);��ppm44.76 .( /� 5��� .�(
 ��� )* =$!�� F�
�� N.,� /������� =$!�� .A�* Q�% )
�� ���.,��� )* C�C!� ����� �.�$ Q� /@ �@ z  =$!�� -.�
��

 X�G
� N.�.	�@ �1+
 �( �.��
�� � .�A$�� .��* ��C
��� ���
�� )* /������� =$!�� /� JD.
$ j� H�.,
� ��9� BAref 
2012) ��1+
 /� O2�� Z��� B(��C
 Zn – B  )* =$!�� !�(�
 ?� ��A� /(� �� /������ Q��%
 C$  �0��.N.�  

:H����� 	
 �<���� �"#���
�  �����!��	
 �� B
�J
 K����)ppm(:  
 �C	�� )* JD.
$�� ��
�/8/:  

  
/4���	
8:/ 7����  �"#��������  ��F�<8
��� ����	
� ���	
��  ���!��	
 �� ����	
 K����ppm  ���� ���@�0
:  

�.��
�� Zn  
��
���.B 

Zn0 

 

Zn1 

 

Zn2 

  

Zn3 

  

%��
���  

B0  75.16a 79.92b 80.25b 82.79c  79.53    
B1  83.83cd 85.72de 86.37ef 87.58ef 85.88 
B2  88.08fg 89.76gh 90.81h  90.81h 89.87 

%��
��� 83.27 85.13 85.81 87.06   
   LSD0.05  

2.00 
 ��/ �C	�� /� 5�8 /��� j��	 /�� ���$,� Q��* C�	�C9.E��� ���.,�@ z  /� Q���R� F�
�� �C.�! 5���
!�$G$���  X( �C.�!� B��C
� (E� �� ZC��*@ (E� ���
�� )* /������� =$!�� /� JD.
$ j� Q*��
� ��9�( Papadakis, 
2003) �.
����B��������) ��D��G�� ��.$,�� !�(�
 ?�  /�����.� C��!
�� ��.1 ��1+
 =.$9 4�� P$� �(� Z��� B���

 F��R� �.��G��� �C.*i�� �(��
 j$.� �� �5$�( �1{� /������ Q��%
 /R (C�C���� =$!��B!�$G$���B���!$G��� B�����.(��



,� !�(�
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 �1{
 =���� �����
�h� �.���,�.� �C

 C0 /������ /� �CD�!�� ���(�� /R �.�$��)*  /� F��R� ��.$,�� -.�
��
) �.
.�$�� �0Tariq and Mott,2007 .(  

�"#�:H�����  ��
�	
 �<������  ����	
 �� B
�J
 K����)ppm:(  
 �C	�� )* JD.
$�� ��
�/9/:  

  
/4���	
9 ��F�<8
��� ����	
� ���	
 ���VW �"#� :/��  ����	
 �� ����	
 K����ppm  ���� ���@�0
: 

�.��
��Zn  
�.��
��B 

Zn0 

 

Zn1 

 

Zn2 

  

Zn3 

  

%��
���  

B0  55.48a 58.60b 58.84bc 58.97bc 57.97   
B1  59.66bc 60.08c 62.63d 66.32f 63.17 
B2  64.75 e  67.49f 64.65e 67.16 f  66.01 

%��
��� 59.93 62.06 62.04 67.16   
  LSD0.05  

1.219 
�$/ �C	�� /� 5�9C9.E��� ���.,��� j��	 /�� ���$,� Q��* C�	� /�@ z =�
E��� Q��%
�� /� 5��� �� C���


.� /������� =$!� N .,�Q���R� )* C�C��� F�
�� C�!  /������ Q��%
 /� 5��� .�( B /� qC��� =$! /�C !�(�
 C�!
BQ���R� )* C�C���  X��� /� /(��/�� �!�
�.� =�� �Fe   �B  B) JD.
$ j� Q*��
� ��9�Rajaie,2009(  Z���

A� �C.�! =.$9 /� �(� !�(�
 )* ��Cu, Mn, Fe �� )*./������ �.��
�� �C.�! j� ���	   

 �" :H��� �<���� �"#���
�	
 �� .���	
 �� B
�J
 K���� )ppm(:  
 �C	�� )* JD.
$�� ��
�/10/:  

  
/4���	
10:/ 7����  �"#��������  .���	
 �� ����	
 K���� *�+ ��F�<8
��� ����	
� ���	
ppm  ���� ���@�0
:  

�.��
�� Zn  
�.��
��B 

Zn0 

  

Zn1 

 

Zn2 

  

Zn3 

  

%��
���  

B0  6.380 a  6.587 a  6.877b 6.910b 6.689   
B1  7.220 c 8.027e 7.707d 8.020e  7.744 
B2  8.373f  9.127h  8.640 g  8.667g 8.702 

%��
��� 7.324 7.751 7.741 7.866   
   LSD0.05  

0.2116 
  X��
/ �C	�� JD.
$ /10�� j��	 /�� ���$,� Q��* C�	� /C9.E��� ���.,� �C .� ���.,��� /Zn1B0 / �@ z 

 /�� �!�
 =.$9 /R =$!�� Q��%
 �.��
�� �C.�! j� Q���R� )* 4.�$�� !�(�
 )* �C.�! 5���Zn  �Cu=��(� B 
 N.�.	�@ �1� /������� =$!�� =�
E��� Q��%
��)* 4.�$�� /� Q���R� F�
�� �)E��� B P��$C��$� /������ �C.�!� ���$�.� N�
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Q���R� )* P�(��
� 4.�$�� -.�
�� �C.�! ?�@ FC� B���
�� )* =$!�� j� N���C
� ���@ z  F�
��� %��
� ?� � 5���
 ���.,��� )* Q���R� )* 4.�$��)Zn1B2(  JD.
$ j� H0.$
� ��9�Aref 2011b) Z��� B(� ��1+
 /������ 4�� P$� �(

A�4.�$�� /� �0���� F�
�� ?�  �.  
  

�������I
:���&��	
� �   
• .��!T� /� Q���R� F�
�� �C.�! ?�  C .�
 /������ �*.2@ 
•  F�
�� ?�  �.9 ��1+
 .�A
���C
� /������� =$!�� �*.2i Q���� !�$G$���� C�C��� /� ������� ����� �.�$   
.4.�$��� 
•  �.��(� =$!�� �*.2@���.  C�!
 ���
��  )* /������ F�
��Q���R�  � ��
9��
��. .����.
���� /� 
•  ���1+
 .A� /������� =$!�� �(�
E��� �*.2i� A� �� F�
�� ?�  Q���R� .=$!�� /� 
• i /(� ��A� ���1+
 XZ� /������� =$!�� �*.2 �� )*  F�
��Q���R� .�������� /� 
• .����(�� V�
�� )* ������� ����� � ��! C$  /������� =$!�� Z��$,� =�
E��� Q��%
�� 2�� 
  

 �	
:Y�
  
1.  � ��! ��C ����,�� ����A�	�� B) ��!�� C.E�i� ����C� B ) ��!�� ���i�� � ��!�� ���!� :������� ����� ����

B�������1998B ) ��E$�� �0�428.( 
2. /�	 /���z BC�E��� C� zx��	 /.�%��Z���� ��C �.�$��� ���
�� ���
 )* �� ��!�� I����� )��C�� !(����B

�*.	�� Q%.$�������� BV�� B(�C�.(�@)2003-B165. 
3. !�!,�� C�  C���z ?�� �� !�!,�� C� z ��.�� ��C�& :  Q���R )D.���(�� V�(�
�� )* ��C.$�� ��.$,�� -�$ ��1+


������� [��!��� ��C�
�.� /%��� ����� ��	������� ���,�� �����B����,�� �.���C��� I����� /��E
 �,�.	 ��	�B
2010)C�	���B32�B() CC,�1B(107.  

4. !�!,��C�  C���z/.���� ����#.��R� �� �$� BJ2$��� B�.9!R�� /%��� Q���� V�(�
 )* /������ �*.2@ ��1+
 : B
) CC,�� B�� ��!�� ���C$A�� ���,�� C�R� �.� ��	�18(2003 B132 – 109.  

5. Ali, S., A. Shah, M. Arif, G. Miraj, I. Ali, M. Sajjad, F. M. Yasir Khan and N. Moula 

Khan. Enhancement of wheat grain yield and yield components through foliar 

application of zinc and boron. Sarhad J. Agric. ,2009,Vol.25, No.1. 

6. Aref, F. Effect of Zinc and Boron Fertilization on Concentration and Uptake of Iron 

and Manganese in the Corn Grain.  Journal of American Science, 2010b, 6(8):236-

242. 

7. Aref, F. Effect of Zinc and Boron Fertilization on Concentration and Uptake of 

Copper and Nitrogen in Corn Grain in a Calcareous Soil. Life Science Journal, 

2011a, 8(2): 337-343.  

8. Aref, F. Influence of Zinc and Boron Nutrition on Copper, Manganese and Iron 

Concentrations in Maize Leaf. Australian Journal of Basic and Applied Sciences, 

2011b, 5(7): 52-62. 

9. Aref, F. Concentration of zinc and boron in corn leaf as affected by zinc sulfate and 

boric acid fertilizers in a deficient soil. Life Science Journal, 2011c, 8(1): 26−32. 



,� !�(�
 )* =$!��� /�����.� ���G
�� ��1+
������� ����� �.�$ )* ��D��G�� ��.$,�� H                                  V�C B?�� ��  

312 

10. Aref, F  . Zinc and Boron Content by Maize Leaves from Soil and Foliar Application 

of Zinc Sulfate and Boric Acid in Zinc and Boron Deficient Soils. Middle- East 

Journal of Scientific Research, 2011d, 7 (4): 610-618. 

11. Aref, F. effect of different zinc and boron application methods on leaf nitrogen, 

phosphorus and potassium concentrations in maize growth on zinc and boron 

deficient calcareous. J. Soil Nature, 2012, 6(1):1-10. 

12. Hellal, F.A., Taalab, A. S. and Safaa, A. M. Influence of nitrogen and boron nutrition 

on nutrient balance and Sugar beet yield grown in calcareous Soil. Ozean Journal of 

Applied Sciences,2009, 2(1), ISSN 1943-2429. 

13. Mousavi. S. R. Zinc in Crop Production and Interaction with Phosphorus. Australian 

Journal of Basic and Applied Sciences, 2011, 5(9): 1503-1509. 

14. Papadakis, I.E., K.N. Dimassi and I.N. Therios. Response of Two Citrus Genotypes to 

Six Boron Concentrations: Concentration and Distribution of Nutrients, Total 

Absorption, and Nutrient Use Efficiency.Australian Journal of Agricultural Research 

, 2003, 54(6): 571-580. 

15. Panhwar Q.A, Radziah O, Khanif Y.M, Naher U.A.Application of boron and zinc in 

the tropical soils and its effect on maize (Zea mays) growth and soil microbial 

environment. Australian Journal of Crop Science,2011, 5(12):1649 – 1654. 

16. Rajaie M, Ejraie AK, Owliaie HR, Tavakoli AR . Effect of zinc and boron interaction 

on growth and mineral composition of lemon seedlings in a calcareous soil, 2009 

,Int. J. Plant Prod. 3(1), 39-49. 

17. Taiz,L. and Zeiger. E. Plant physiology .Second Ed. Sinauer Assoociatas, Inc 

publishers, Sunder land, Massachustts, 1998,792. 

18. Tariq M, Mott CJB. effect of boron on the behavior of nutrients in soil-plant systems-a 

review. Asian J. Plant Sci ,2007,  6, 195-202. 

       


