
� ������	� 
���	 ���� ���� ����)2009 (����	� �)25(��	� �2�	� ����� :27�43

27

 
����� �����	�  �!	� "�#�$ %& �&��'(� 

%&)�*�	� ���#	� 
����	� �&� ����)1(

	�+,�� 
-���&	��. )�*��	� ���#	� %& ����/ ��01' �(��� 2	/ 3�&	� "�4� 5�6���#	� 5�����'�'	� 

2	/ ����/ ��#	� ����� %& 7� ��#*#�	�� �4'�#�.�� ��*	� 7���8� �����	�  �!	� -� -��#� �9�:1
;(�&�2.-������	� -��(��	� ;=, >���'	� �!�#2005�2006 �����	 ��#�9 ����� �&�' 7�  ���?� 

)�*�	� ���#	�&.;��& 9�9, 2�� �&��'	� ���� 75×25
(.����� ��'����'	� �& ���&#�� ��& 
10 	� 7� ���� ��&# A�'� 
��$  ��� 79� �!8�53333 ��'.4	� 7� ��&# ./ "��$ �&�'	� 2	 �#�����'	� 

��#� ;��& 6.���& ;.� 2�� -���&	� 5�10�15B./�8.���'��&. ;.�� 2��� ���#*#�	� "��$
 ;��& ��#*#�	�15�25�35B./�8.;���& 6���# ���'��&. ;.� 2�� 6��#	� "��$4�8�12

B./�8.���'�'	� ��#� "��$ ;���& ����'�'	� ��'��&. ;.� 2�� 5�10�15B�. /��8.�����$
 �� 2�� ;. )�*�	� ���#	� -�  ��'�	� �����	� 9�9, 2�� �0#	� �?��9& .DE��'#	� �#�& ;.��& 5

5
�� F���#� -�. �����	� ���#	� ��01' -$ ���&�	� ���*	� ���#�.� 
G�� ��#	� ����� %& 7� 7�� 
-��(��	� 7�� -��#�	�.��4G �����(	� ����	� 8B./-� �8��'��&. 6��#	� .��H� �����	� ;��1

 9(�'�	�& �8���?� ��'.4	� )�'(� 2�� ��*	� 7�  ����& ���(32.8 %7�;�(�& -��4	� 2� 533.3 %
�9�: "#�	� �#�1�8��	�& �#��?� .�����(	� ����	� ��$10B./���#�  ���� 2	/ 6.���&	� -� �8

 9(�'�	�& �*�& ��*	� 7�26.6 %7��9�: "#�	� 1�35.1 %7�� ���4	� ;�(�& -2.�����	� ��$
 �����(	�)�&.	� 35B./-� �8��'��&. ��*	� 7� ���#�  ���� 2	/ ��#*#�	� 9�(�'�	�& �*�& 32.2 %

�9�: "#�	� �#�1� 542.9 %7�;(�& -��4	� 25$�����(�	� ����	� ��10/-�� ��8 ���'��&. 
���#�  ���� 2	/ ���'�'	� 9(�'�	�& �*�& ��*	� 7� 30.8 %7�#�	� �9�: "1� 531.5 %7�-���4	� 

;(�&2�8��	� J� �#��?�	�& 5.
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Response of Some Maize Cultivars to Some 

Micronutrients Application 
 

I. Abdulhamid )1(

ABSTRACT 
 

The present study was carried out under the conditions of coastal area in 
Syria. during the tow successive growing seasons 2005 and 2006 to determine 
the influence of B, Mn and Cu application on growth, yield and its components 
in some Syrian  maize cultivars. The experiment was set up in a split plot design 
with 3 replicates, including two cultivars; a synthetic variety (Gota 1). and a 
hybrid (Albassel 2). The soil texture was sandy clay loam in the tow seasons 
Maize cultivars was planted at a spacing of 75 cm ×25 cm. After germination. 
maize seedlings were thinned to one plant per hill giving a plant population of 
53333 plants  ha-1. Four levels of Mn (0.15.25 and 35 kg.ha-1) as manganese 
sulphate (MnSO4.H2O) and Four levels of of Cu (0, 4, 8 and 12 kg.ha-1) as 
copper sulphate (CuSO4·5H2O) and four levels of boron (0, 5, 10 and 15 kg.ha-1)
as Borax (Na2B4O7.10H2O) and four levels of zinc (0, 5, 10 and 15 kg.ha-1) as Zinc 
sulphate (ZnSO4·H2O) were applied to soil at thinning. The results obtained 
indicated. generally. that the effect of different tested micronutrients had a 
significant effect on all the characters of growth and yield and its components 
in two season and two cultivars. Percentage increase in grain yield as a result of 
8 kg ha-1 CuSO4·5H2O ranged  between 32.8-33.3  % over the yield obtained by 
control. Percentage increase in grain yield as a result of 10 kg ha-1 

Na2B4O7.10H2O ranged between 26.6-35.1 % over the control. Percentage 
increase in grain yield as a result of 35 kg ha-1 MnSO4.H2O ranged  between 

42.9-32.1  % compared to the control percentage increase in grain yield as a 
result of 10 kg ha-1 ZnSO4·H2O ranged  between %31.5-30.8 over the control. 

 
Key words: Maize, Growth. Yields, Manganese sulphate, Copper 

sulphate, Borax, Zinc sulphate. 
 

)1( Agronomy Department. Faculty of Agriculture. Tichreen University. Lattakia. Syria 
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1�23& 4&� �5!"� 6, 7"8"� 6��"� 6��%�"� #
���"� �����"� ���"� ��� 36"
�4�� 

9��� �: 	��&("�
 ;�!"� 
�� ���� <�$ 50=70�����
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�� ��?&� ���@ /"0 
6, ��
��"� �$���"� ����"�
 A��
 �
�"� ��3
 � �"� �?,�� .

�44��8�"� �44$���"� B3C44��
44�D� ��3E�44��
&"� �44�%��.� ��� ���44��"� 9�44�" 
)Fageria, 2002(<": ���F�"� �3��D� /�8�"� 3����"�
 	�4��&"� '� ���0 G)����

*���"� 	���H
 '4$ >)-4, 	��4�!, >)�0 '
�� 6�"� ��-��"� �����"� A��"� 6, 
��
�!"� 6-��D� 4"� �%�3 7��pH�&����
�4"� ���&"� ����  ��, '
�� 6�"� *��

����  ���"� #�  '� I���)" )Rashid and Ryan. 2004 .( 
B3C� ��@ �%� '� ���"� <�$ J%��:
 ���"� 
�� 6, >���� >��
3 *���"� ���&"� 

����  ����� ��": ��ED�.���Barloy ���)1971(: '0 K��6=6.5�5>'�A
4�� 
�����"� ���"� A�5�� 0.8–1	������"� '� M� 
0.25=0.3
 	G4��"� '� M�0.06=

0.07'
�
�"� '� M�.��� �� )Bundy, 1998 ('0��� ��� ���"� 64�"� �����"� 
<": #�� 13�5>N� A
��"� '� �!,��� ��,% �3� '� B
��� 	280G��"� '� ���� 
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�� 3�� �����"� ���"� ���� �!�&��"�
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��"� ��@ 

	���"� ���" 6�0�"� N�
�"� 6, ��@��"� 7��D� '� 9
�"� ��@ 'O( '�
 	��
3&� '�

�8�5!"� 6, �����"� ��3E .

3�&	� "�8 
7��"� /3�� �"� ���"� ���" ��8��
"� ��5"� +&� ��%��� ����3 <": �,-. ����

 *���"� ��F���"� ���&"� +&�'�- +&� 3�� 7�� '� 	�����"� �!5��"� /
�? 
���
��
 ����"� ���"� '$ >)-, 	
��"� ���&�.

K?E��9� 3�&	� ���� 
���� ���!�"� #�$D� ���
" ����5 ����� ���� 6,	#
3%"�
)1(IF�4E"� '�4��

F����"� ��F����"�
 �� ���&" ��E0 <�$ P�$25	�� ��?� 7�� �-�E�� �H3&� '4� 
*���"� ���&"�	N!�
 4"� ��� pH'��6
6.56@
'�- 3
3�"� 6=734&� 6�"�

 A��� �����"� ���"� ���" ��"8�)Purseglove, 1988.(
���� ���%�"� 8)8 #3&�� 	�!(��"� N5!"� �?� P,
������� ���&� #�" 	B012

����>�B3�� ���$ #�" 	J����
 5
5E �&��0 '� ����"� '
��� 7�2.�$���"� ���
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 Q����12�$ 6, ��0 2005
 	19�$ 6, ��0 2006.#)E �5�0 5!�� �" 6�34� 
3
%
���%�"� #!�"� 6, .

#��"� �@ '��� 9��2�5
�
 	6%
� '�%@ 
@
164����� /�� 
@
 .�4�
 ���� �
 �
%�"� '�"� ��� R��� B�"�0.2 �
��� /��
 9
��0 #� ��� #3&�� #3&��10

���"����� #�" .
#3&�� ��3��"� ���&"� ���-0150	100	
50M�/�
�4�
�"�
 �
�T� '� 4@ 

8 ���
,��
�
 �
��
�0 ����� #�( <�$ 	�
���
�"�
 <4�$ �
���
�"� ������
 68)
6"�
�"�.

	�;��� )1(+E��,	��&�'�	 ��.�#�.��	�� ��E����.	� 
7����	� 
(��	�2005/20067����	� 
(��	�2006/2007

PH 66.5 
 ��� �����1.48%1.52%

N6.6 ppm 7.8 ppm 
P4ppm 7ppm 
K86ppm 91.7 ppm 
;�� 52%53%
-�9 38%39%

(��10%8%
-���& 0.9 ppm 0.6 ppm 
6��# 0.5 ppm 0.2 ppm 
��#*#� 0.9 ppm 0.5 ppm 
���'�' 0.30 ppm 0.50 ppm 

��3E��� *���"� ���&"� �,-. V)�D����T�:
=���"� ������CuSO4.5H2O4��, ���"� ����
 (Cu%25.4) #34&�� 4
8


12M�/4@.
="� ������������ MnSO4.H2O ���"� ����
 J4�, ��� )32.5%(Mn #34&�� 15


25
35M�/4@.
=����
�Na2B4O7.10H2OJ�, '
�
�"� ����
 (11%B) #3&�� 5
10
15M�/4@
=���
�"� ������ ZnSO4.H2O��, ���
�"� ����
 (Zn%36.4)#3&�� 5
10
15M�/4@

�3��&�"� �$�%"� ���-0 *���"� ���&"� '� �$ #� 3� <�3&� 	���.� 4� 10
��0�
5� <�$ �8�"� �!��5� �%�"� 3�$ >�
3� A($D� ��,�� ���%0.
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�X31$ >�$
��0 P��
D� 	�Y�4"� A��� ;�� Phyllochron #4��"� 6�&� B�"�
 
'�� �
 �
�? '�� 6���"� .3��"� 3�$��Z �4��"� <4�$ '����"� 33$
 P�"� 9���� 

�!"� '� 33$
 A
4��"� 33$
 /
��"� 33$
 �
��&"� #
5� 	�����&"� �!�&��"� ����
���

.[���� P,
 [F��"� ����Statview '���"� #���� ���E�
 ANOVA .34 


3� <�$ /�� #� [F�� �����.
��H�#�	�� DE�'#	� 

1�6��#	� ��01' :
#�� '�%�"� 3�$2)#
3%2($ 6, B
�&� #�(� ���"� �8C� �" 	64, A
��"� 33

��
�"� (spadix) )�
��&"�(�$�%"� '0 <�� ���%�"� 6�$ 6, *���"�)12M�/44@ (
��!"� ��@ *
��� <�$ ��� �3�.

;���	�)2(;(�& "#�	� �#� ��*	� 7�� ����	�����	� ����L�	� %& 7� 6��#	� ��01'2
7����	� 
(��	�2005/2006  7����	� 
(��	�2006/2007  6��?	� ��� 4812LSD 5%��� 4812LSD 5%

��(	� ;�9 169 183.7185.7177.9NS 168.0b207.1a216.4a210.1a34.57 
����M� ��� �& 45���� 11.0b11.1a11.3a11.0b0.22 11.2b11.0b11.4a10.9c0.23 
����M� ��� �& 60���� 16.0b17.0a17.0a16.8a0.19 15.8b16.8a17.0a16.7a0.42 

Phyllochron*3a 2.5b2.6b2.6b 0.32 3.3a 2.6b 2.7b 2.6b 0.48 
-���.	� ��� /��&#1.1b1.3a 1.3a 1.2ab0.17 1.1b 1.2ab1.3a 1.2ab0.19 

���� ;�92��M���.	� 18.7d20.0c21.9a20.4b1.35 18.2b19.6ab20.9a19.4ab1.44 
��.	� "��� ���15.0b16.2ab17.6a12.4c1.30 15.2b16.2ab17.3a12.1c1.31 

>�&�	� ��� /��.541.7a535.7a547.5a493.5b26.25530.5a538.5a544.6a487.0b22.43
>�&�	� -�� /��. /N60.7c67.5b69.1a59.3c2.67 59.5c64.5b67.8a58.9 b2.99 
���� -����.	�/N31.3a25.2b24.4b16.2c3.34 30.8a24.9b24.2b15.9c4.87 
>�&�	� -�� /��&# /N66.8b87.7ab89.8a71.1bc17.7565.4b77.4ab88.1 70.7b23.99 
>�&�	� -�� /�8/-93.65c4.68ab4.79a3.79bc0.91 3.49b4.13ab4.69a3.77b0.82 

Phyllochron* :
 �
�? '�� 6���"� #��"� 
@ '
��
���"�>��3!� '�� ��
�"� 
>�
�&� ����E� ��� 3��
 6F%@ /��� G��(� 6�"� � �D� 

64, >�
�&� ���&"� ��8O� '�� �" 7�� 	���&�"� +&� 6, >������ ���"� ��8O� '�
6�8"� �&"� 6, >�
�&� ;��0 R��8O� '0 3�� #
D� �&"� 6, P�"� #
5 .
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 ��"� 33$ '� ���"� '�� 	*�E0 ��% '� '��)�����&"� ('�
 	���%�"� 6��
� 6,
 '�� �& �
"� �3�"� #)E '
��
����"� ���  �8 '� +�E
 P��
D� 33$45
60'4� �
� 

'� +�E�� 7�� ���"� ��$3=3.3<": 3@("� 3�$ >�
� 2.5=2.7>�
� .
�$�%"� �308
��� B
�&"� �
�"� #
5 �3�� <": M� 17%
 #
D� �&"� 6,14.7%


��� �
�"� <�$ /
��"� 33$ �3�� <":
 	3@("� N� ���!�"� 6�8"� �&"� 6,17%64,
 
 #
D� �&"�13.8 %
4�� ��34!�� �
�"� <�$ A
��"� '�
 �3�� <":
 	6�8"� �&"� 6,

14 %3@("� N� ���!�"� 6@ ��3��"� R�@ #�
 	��
�"� <�$ 6�8"�
 #
D� �&"� 6,.
���"� A�� 3�$ �$�%"� ���� 3 
 	3@("� <�$ �$�%"� N��% � 
�� ����"� 6,

8M�/
�� ���� �3�� P�!��� 4@31.2%
4��
 #
D� �&"� 6,34.3%�4&"� 64,
 R�3  �$ 5�
�� B0 	6�8"�32.8%�5
� 6�����"� /��"� 3�$1)#
3%3(�8C� �" 	

��
�"� �
�� #
5 6, B
�&� #�(� ���"�)�
��&"� (6,���%�"� 6�$ .
;���	�)3(�9�: "#�	� �#� ��*	� 7�� ����	�����	� ����L�	� %& 7� 6��#	� ��01'1

7����	� 
(��	�2005/2006  7����	� 
(��	�2006/2007  6��?	� ��� 4812LSD 5%��� 4812LSD 5%
��(	� ;�9 178 181.2188.0186.4NS 176b188.2a210.2a189.5a30.86 
����M� ��� �& 45���� 10.710.511.311.1 NS10.3b10.4ab11.2a11.0ab0.88 
����M� ��� �& 60���� 16.016.217.017.1 0.99 15.8 16.0 16.9 16.9 NS

Phyllochron*2.8a 2.6ab2.6ab2.5b 0.23 2.7 2.7 2.6 2.5 NS
-���.	� ��� /��&#1.1b1.3a 1.3a 1.1b 0.19 1.0b 1.2ab1.3a 1.0b 0.18 

���� ;�92��M���.	� 19.0ab20.7a20.8a18.3b1.84 18.9ab20.2ab20.6a18.5b1.74 
��.	� "��� ���14.5b15.3ab16.4a14.2b1.25 14.4ab15.1ab15.9a14.0b1.53 

>�&�	� ��� /��.517.2
b526.1b558.1a456.4c27.19519.4b559.8a551.2a467.1c25.25 

>�&�	� -�� /��. /N54.8b56.5a59.8a51.3c2.99 55.3b60.2a58.4a48.9c3.12 
���� -����.	�/N40.2b38.1b40.8b49.0a5.99 37.7b40.1b40.2b48.3a5.12 
>�&�	� -�� /��&# /N60.3b73.5ab77.8a56.4b20.4455.3b72.2ab75.9a48.9b28.27 
>�&�	� -�� /�8/-93.22b3.92ab4.15a3.01b0.73 2.95b3.85ab4.05a2.71b0.81 

#
45 64, >�
�&� ���&"� ��8O� '�� �" 7�� 	���&�"� +&� 6, ���"� ��8O� ����
 ��$ 3�$ P��
D� 33$
 P�"�45���4&�"� R�@ 6, R��8O� '0 3�� 	#
D� �&"� 6, >�
� 



� ������	� 
���	 ���� ���� ����)2009 (����	� �)25(��	� �2�	� ����� :27�43

33

 &"� 6, >�
�&� ;��0 P
��"� '0 '$ >)-, 	6�8"� � 4� �!�&��"� Phyllochron �4�� 
6�8"� �&"� 6, ���
�&� �3!,
 #
D� �&"� 6, >�
�&� ./
��4"� 33$ 6, ��8O�"� '0 ��

 '�$�%"� ��?� �" '�� 6, #
D� �&"� 6, >�-�
 '� �
�"� 6,4
8M�/>4 
�� 4@
 6�8"� �&"� 6, 3@("� <�$ >�
�&� .����4&"� 334$ '� ���"� '�� 	*�E0 ��% '�

B
�&� #�(� .
'H3&�"� P
�� ����"� 6, ���"� A�� 3�$4
8#
D� �4&"� 6, 3@("� <�$ M�

#3&�"�
8�4��� �34�� <4": ��ED� #3&�"� ���� 3����"� *30 3 
 	6�8"� �&"� 6, M�
28.9 %
 #
D� �&"� 6,37.6%!�"� 6�8"� �&"� 6, '0 64�&� ��4@
 	3@("� N� ���

 
@ '��&"� 5�
��33.3.%
P���.� ��8O�"� 6, ����" 6�%����%�"� J�": �(0 N�(Jacob et al.. 2006)7�� 

@��3!� ���"� '� �$�% <": ���"� ��� A%���10'�4� 6, 	������ +�0 6, M�
�@ #8� 6, ���
�"�
 '
�
�"� �,-. ���"� ��%��� '0��
�&� '�� �" 6-��D� R.

����" ���"� ���$ '���� <": 3
&� ����"� '0 ���&"� ��@ B3C� >��
3 #4�$ 64, 
34�3�"�
 �
�T� A)!�4�� 64,
 #�,
�
��"� #�(�
 '��
��"� #�(�
 6����H� �?�"�

���"� #E�3 ��"� ���� �?�� �� �
��"� #�(� 6,
 �
��
�"�
.
	*�E0 ��% '� [F��"� ���� �,-: '0 12�� ��8O� �" '� ���"� ���� '� M� 

����"� ���"� *
��� <�$���H
�5
� /��"� 3�$ .*��(Mocquot et al., 1996) 
����"4� �4��"� #E�3 ����&"� +&� 6, ����" 6���"� ��8O�"� @3�� ����"� R�@ '0

 �
 6F
-"� #�8��"�
 6�8 ���80#3��"�
 '
���"� 3��� �"� >)-, 	B� A�E�"� ��8O�"� '$ 
���-E"� �&��"� ����%"� ����D .*�� ��(Woolhouse & Walker, 1981). '0 

���"� ����� �3��'�&� 3� '$ �
�%"� 6, ��
�E"� �3%"� �����
 �
�%"� �"5��� 5�8� 
�Y����"� #E�3 �"!���
 *�ED� ���&"� I���� 6, �8C� .

2����&	� ��01' -:
���)Sakal and Singh, 1995 (>�3�% A�%��� 6�"� #����"� '� ���"� '0 3�����" 

J�": �!��� 6�"� 6-��D� 6, '
�
�"� ���&� .	68��
4"� ���5"� ��%��H� R�@ 5����'D
'
�
�"� '� # 0 ���� 6F�
�"� �$
�%� 6,
 � ��
0 6, '�E� '
�
��" ������"� ��5"�

D� N� ���!�"� ���&"� ��@ �3��" ����"� /��)Nable et al., 1997.(
�5
� /��"� 3�$ [F��"� ���?01)#
3%4(>�
�&� '�� �" '
�
�"� ��8O� '0 6, 

"� 6,
 P��
D� 33$ 4Phyllochron B
4�&� #�(4� P�"� 9���� '� '�� J�0 3�� 		
�$�%"� 3�$ �3��"� ���� 3 
10M�25.8 
30.7%
�"� 6, <�$ 6�8"�
 #
D� '���

6"�
�"� .J�": �(0 � N� P��� �%��"� R�@Kabesh et al., (1988) '0 �
34%
 '��4"� 
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 �4��"� #
45 94���� <4": *30 '
�
4�"� ��4�&� 6 �
"� \�"� .'0 '�4� 64, 
Shfshak et al., (1981)���"� 9���� 6, �8C� �" '
�
�"� ���&� \�"� '0 �
3%
 .

;���	�)4(1'�9�: "#�	� �#� ��*	� 7�� ����	�����	� ����L�	� %& 7� -���&	� ��01
7����	� 
(��	�2005/2006  7����	� 
(��	�2006/2007  6��?	� ��� 51015LSD 5%��� 51015LSD 5%

��(	� ;�9 178b201.5ab224.0a215.3a33.77176b200.6ab230a 216.7a35.64 
����M� ��� 

& �45���� 10.710.7 11.310.9 NS10.3c10.8b11.2a11.0ab0.24 
����M� ��� 

�& 60���� 16.016.1 17.016.4 NS15.8 16.0 17.0 16.9 NS
Phyllochron*2.8 2.8 2.6 2.7 NS2.7 2.9 2.6 2.5 NS

-���.	� ��� /��&#1.1 1.1 1.2 1.1b NS1.0 1.2 1.2 1.0 NS
���� ;�9

�2��M���.	  19.019.2 19.4119.52NS 18.9b20.4a20.2a19.7ab0.99 
��.	� "��� ���14.5b14.7b16.3a17.5a1.46 14.4b15.3ab15.9ab16.3a1.78 

>�&�	� ��� /��.517.2b565.1a570 a567.4a41.32519.4b526.3ab549.2ab566.1a44.58
>�&�	� -�� 

/��. /N54.8b60.7ab61.8a59.3b6.13 55.3c54.8bc60.2ab63.3a4.51 
���� -��

��.	�/N40.2b40.1b40.9b50.5a7.74 37.7b40.8b41.1b47.9a6.35 
>�&�	� -�� 

/��&# /N60.3b66.8ab74.1a65.2b21.1255.3b65.8ab72.2a63.3b19.88
>�&�	� -�� 

/�8/-93.22b3.56ab3.95a3.48b0.85 2.95b3.51ab3.85a3.18b0.88 

A
��"� 33$ '����
 	��
�"� 6, A
��"� 33$
 �
��&"� 6, /
��"� 33$ '�� ��
 23&1� '
�
�"� ���$ '0 <": 3
&� 
�- 
 V4!�"� �4�
��0 
4�� #4%0 '� >�� A�4E:

��@�"�(Blevins and Lukaszewski. 1998) .
���� �� ��3��"� �$�%"� '0 [F��"�10M�/"� 6, ��
�&� �3�� <": �30 4@ 6, ���

 ���� #
D� �&"� 22.7%��3!�� 6�8"� �&"� 6, ��
�&� �3�� <":
 	30.5%#3&� B0 	
R��3!� 65�
%26.6.

#�� '�%�"� 3�$2'�4� 64���"� #��"� '� #� 
 P�"� #
5 '� '
�
�"� '�� 	
��80 6, '�� �
 �
�?�3�"�&� '��
 	�3
���"� ���"� ��
�� �?)#
3%5.(

'�$�%"� � 
�� 	����"� �3�
 6, ���"� *
��� <�$5
103@("� <�$ M� .�30
 �$�%"�5
�� @��3!� ���"� 6, �3�� <": M�35.9%
 #
D� �4&"� 6,27.5%64,
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 #3&� 5�
��"� �3��"� R�@
 	6�8"� �&"�31.7 .% ��3��"� �$�%"� ����10M4� /
��� 4@ #
D� �&"� 6, ���� ���"� 6, ��
�&� �338.1%��34!�� 6�48"� �4&"� 6,
 	

32.1%R��3!� 65�
 #3&� B0 	35.1%#4�� '�4%�"� ��%��� '0 ?�)�"� '�
2
�5
� 6�����"� /��"� ��%��� '� ���0 ��� '
�
�"� ���&� 3�����"1.

;���	�)5(����	� ����L�	� %& 7� -���&	� ��01' ;(�& "#�	� �#� ��*	� 7�� ����	�2
7����	� 
(��	�2005/2006  7����	� 
(��	�2006/2007  6��?	� ��� 51015LSD 5%��� 51015LSD 5%

��(	� ;�9 169b189.4a211.5a195.8a36.24168b198.5a220.6a201.5a43.66 
����M� ��� 

�& 45���� 11.0b11.1b 11.2a11.0b0.191 11.2 11.0 11.2 10.9 NS
����M� ��� 

�& 60���� 16.0 17.0 17.116.9NS15.8 16.6 17.0 16.9 NS
Phyllochron*3a 2.5b 2.5b2.5b 0.33 3.3a 2.7b 2.6b 2.5b 0.46 

-���.	� ��� 
/��&#  1.1b1.4a 1.4a 1.3ab0.26 1.1b 1.3a 1.3a 1.3a 0.19 

���� ;�9
2��M���.	� 18.7d18.7c 21.7a19.9b1.15 17.2c17.1c20.4a18.7b1.33 

��.	� "��� ���15.0b15.4bc17.8a17.4ab2.25 15.2b15.2b17.5a17.0ab2.66 
>�&�	� ��� 

/��.  541.7a550.0ab567.4a542.0b24.89530.5b559.0 a575.4a521.0b24.15
>�&�	� -�� 

/��. /N60.7b66.4a 67.5a59.8b2.01 59.5c64.2ab66.5a57.5c2.21 
��.	� ���� -��

/N31.3a28.1a 29.0a19.5b5.16 30.8a24.5b23.9b16.8c4.56 
>�&�	� -�� 

/��&# /N66.8b93.0ab94.5a77.8b25.6165.4b83.4ab86.4a74.8ab24.88
>�&�	� -�� 

/�8/-93.65c4.96ab5.04a4.15bc0.95 3.49b4.45a4.61a3.99a0.76 
.� ��8O�"� ��, '��� '
�
4�"� 'O� �����"� #)E '� ���"� 6, '
�
��" 6�%� B3C4� 

>��
3 6,
 �
��
�"�
 3�3�"�
 �
�T� A)!��� 6,
 B
�E"� ��!�H�
 '��
��"� #�(� 6, 
���"� #E�3 �
��"�"�
 (�"�
 �����"� #!��� 6,
 �
��"�
 ��8"�
 �@�D� #�(�.

6, ����" '
�
�"� '�������%�"� #
4!� 64�"� ����3"� +&� N� P��� :Y'+4&� 
���"� '� /��D����H
 ���"� 64, '
�
�"4� 3���4��" A�%��4� '0 '��� ��� ��

 '�4� 34 
 	6"4&"� B�45�"� #
45�"� ��� P5��"� 6, �3
%
�"� �����"� 6-��D�
Woodruff et al., 1987) (34�$ '
�
�"� ���&� 6 �
"� 3�����" ��%��� ���"� '0
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����"� �@�.� 3$
� 6, J"
���� �(� .'�� ��Ibrahim 1995� �,-: '0 '
�
4�"
 
�� ��, '�5"� ���� ���� <":53%>(� 
0 ��3!�� ����"� ���"� '�� P��
D� <�$ 22=

34 %�&"� A��� .
�44���3"� +44&� J44�": ��44(0 44� N44� P44��� H 44�%F�� 	#44�!�"� 

)Shfshak et al., 1981; Rhem et al.,1993;  Heckman, 2003 ('0 �3%
 6�"�
 � '
�
�"� A��� ���"� �3�� +�E�� <": *30 '
�
�"� ���$ �,-: '0 �� 	��
�&� ��

 �����"� ���"� ��5 +&� 3�$ /%"� '�
"�)Gunes and Alpaslan, 2000.(
3���#*#�	� ��01' :

������"� '0 �
�&�"� '�B3C� >��
3 #4�,
�
��"� #�(4�
 64����H� �?�"� #�$ 6, 

 3�3�"�
 �
�T� A)!��� 6,
 6F
-"� #�8��"�
���3�@
���"�
 �
��
�"�.

�,4-: �30 3 
 	'����"� 3�$
 '���
�"� 6, P�"� 9���� '� ������"� '��35
M�/54�
��"� @��3!� 9���H� 6, �3�� <": 4@20.7%�45
� /��4"� 34�$1

22.5%#�� '�%�"� 3�$2.J4�": �4(0 4� N� P��� P�"� 9���� 6, �3��"� R�@ 

Allam)1983 (
Kabesh et al., (1988)��4�&� 6 �
4"� \�"� '0 �
3%
 '��"� 
���"� #
5 9���� <": *30 ������"� .�(0 '�� 6,Beeder)1983(#
45 '0 <4":

P��"� ���&"� �8O�� �" P�"�.
>�
�&� ������"� '��� �" 33$ '� �����&"� �5
� /��"� 3�$ '����"� '0 '�� 6, 	

>�
�&� '� � '�%�"� 3�$ #�2.'�$�%"� ����25
35M�//
�4� 33$ '� 4@/
A
�� 33$ '�
 �
�"�/�$�%"� 3�$ ��ED� ��!"� 3�� 3 
 	�
�"� 30
�� ��3!�� 8%

'����5"� )� 3�$.�5
� /��"� 3�$ 1)#
3%6(��3��"� �$�%"� �30 	*�4��"� 35
M� /D� �&"� 6, ���"� 6, ��
�&� �3�� <": 4@���� #
 27.6%	6, ��
�&� �3�� <":
 

��3!�� 6�8"� �&"�36.6%R��3!� 5�
�� B0 	32.1%#�� '�%�"� 3�$2)#
3%7(	
'�$�%"� �!!�25
35> 
�� M� >�
�&� "
D� �$�%"� �!!� 7�� 	3@("� <�$ <> 
�� 
5�
��"� R��3!�35.3%	��3��"� �$�%"� �30 '�� 6,*���"� 35M�/�3�� <": 4@ 


�&� #
D� �&"� 6, ���� ���"� 6, �� 41.9%
 	��3!�� 6�8"� �&"� 6,43.8#3&� B0
 R��3!� 65�
 42.9%3��� 
@
 	<�$ /��4"� 34�$ ��%��"� �3���" 65�
"� #3&�"� 

6�����"�.
J�": �(0 �� ���� ����"� ����" ������"� ���$ '����(1988 ) Uribe et al.  '4� 

���&� 3����"� '0 ��3!�� �����"� ���"� 3�$ ���"� '�� ������"� 25%.3%
Fageria 
)2002(5�
"� <": ���&"� ��@ �,-: '0
 ���"� 3�$ ����"� ���"� '� '�� ������"� '0

 '4� �-4�E '�4� 64, ������"�
 ���
�"�
 �
������"� I���� '� ���� 6F���"�
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 � �"
 	
��"� 5�
 '� 3�3�"�
 �
��"�"� I���� �
�4�
�"� I���� 6, ��8O� �" '�
���"� ��� #�  '� ���"�
 �
���
�"�
.

;���	�)6(�9�: "#�	� �#� ��*	� 7�� ����	�����	� ����L�	� %& 7� ��#*#�	� ��01'1
7����	� 
(��	�2005/2006  7����	� 
(��	�2006/2007  6��?	� ��� 152535LSD 5%��� 152535LSD 5%

9��(	� ;�  178b183.4ab189.ab200.7a21.69 176b218.4a222a 226.4a36.44 
����M� ��� �& 45���� 10.710.7 11.0 11.3 NS10.3 10.0 11.0 11.0 NS
����M� ��� �& 60���� 16.0b16.0b17.0a 17.3a0.23 15.8b16.0b17.0a 17.0a0.34 

Phyllochron*2.8a 2.8a 2.5b 2.5b 0.28 2.7a 2.5b 2.5b 2.5b 0.17 
-���.	� ��� / ��&# 1.1 1.2 1.2 1.2 NS1.0 1.1 1.2 1.2 NS
���� ;�92��M���.	� 19.0b19.0b19.5b 22.3a1.34 18.9b18.4b20.3a 20.4a1.33 
"��� �����.	� 14.5d15.8c 16.6b 18.0a0.68 14.4c14.9bc15.9ab16.0a1.04 

	� ���>�&� /��.517.2b521.5ab534.2ab560.4a40.23 519.4b525.4b548.4ab564.4a38.55 
>�&�	� -�� /��. /N54.8b55.1b59.7b 64.3a2.86 55.3c57.8b60.9b63.0a2.48 
���� -����.	�/N40.2b45.01a39.6b 39.5b4.59 37.7b42.7b41.1b41.7aNS 
>�&�	� -�� /��&# /N60.3b66.1ab71.6ab77.1a17.65 55.3b63.6ab73.1a 75.6a20.88 
>�&�	� -�� /�8/-93.22b3.53ab3.82ab4.11a0.78 2.95b3.39ab3.89ab4.03a0.95 

4����'�'	� ��01' 
1�23& ���
�"� ���$ >��
�- #
3�H� +�� '�
��� ����� J�
� ���"� 
��" 64�E"� 

� 
�� �?�� B�"� ���� #�(� ���" .
@
�4?�"� 64, ����D� ��
��"� '� 64����.� 
����
��"� N����� ���&�"������"� N����
[-�"� �EO� <": B3C� ���&"� I!�
 	.

]�23& '�� 6, ���
�"� I!�" ����"� ����"� '� ��D�
 �-��"�
 �����"� ���"� ���
]� ',
("�
 ��&("�
 ;�!"� ����23&���&"� ��@ I!�" ����� # 0 (Clark, 1990).
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 ;���	�)7(;(�& "#�	� �#� ��*	� 7�� ����	�����	� ����L�	� %& 7� ��#*#�	� ��01'2
7����	� 
(��	�2005/2006  7����	� 
(��	�2006/2007  6��?	� ��� 152535LSD 5%��� 152535LSD 5%

��(	� ;�9 169b174ab185.5ab196.8a26.45 168b208.5a211.7a215.8a36.77
����M� ��� �& 45���� 11.0b11.0b11.2a 11.3a0.22 11.2 11.0 11.2 11.3 NS
����M� ��� �& 60���� 16.0b16.5ab17.1a 17.0a0.88 15.8b16.5ab17.2ab17.2ab1.11 

Phyllochron*3.0a 2.7b 2.5b 2.6b 0.31 3.3a 2.7b 2.5b 2.5b 0.45 
-���.	� ��� / ��&# 1.1b1.2ab 1.4a 1.4a 0.22 1.1b 1.3ab1.4a 1.4a 0.25 
���� ;�92��M���.	� 18.7d18.9 19.0 19.5 NS17.2c17.7c20.6a19.5a1.24 
"��� �����.	� 15.0b16.5b17.4b 18.7a1.25 15.2b16.0ab17.6ab17.9a2.66 

>�&�	� ��� /��.541.7c554.0b570.5b589.1a16.69 530.5b525.0b556.6a563.0a20.23
>�&�	� -�� /��. /N60.7d63.8c 65.9b 69.4a1.87 59.5c55.7d63.5b67.2a2.45 
���� -����.	�/N31.330.9 31.1 30.5 NS30.8a26.2b25.7b25.9b4.12 
>�&�	� -�� /��&# /N66.8c76.5b92.3ab97.1a24.99 65.4b72.4ab88.9ab94.1a22.47
>�&�	� -�� /�8/-93.65c4.08bc4.92ab5.18a0.91 3.49b3.86b4.74a5.02a0.84 

���
�"� ���$ '�� 	7��"� [F�� P,
 	#��"� #� 
 	'����"� 3�$ P�"� #
5 '�
 #)E '�� �
 �
�? '�� 6���"��3�"� �3
���"� )45=60�
� >(#��"� +�E�� 7�� 	

<":2.5�
� >"� 3�$ '��3��"� '�"3&� 10
15'����"� 3�$
 M�)#
3% 8
9(.
"� 33$ 6, ���&"� �8C� �"�5
� /��"� 3�$ �����&1	>4��%�: '4� R��8O� '0 3�� 

>�
�&�
 �� '�%�"� 3�$ #2	��� 3 
 
�� �3��"� ���� �27%"� 3�$ B3��"� #3&� 15
M�.'�� ���4� �4��� 34 
 	'��
�3�"� '����"� 3�$ A
��"� /
�� 33$ ���&"�

 <�$D� �$�%"� #-�� '����"�21.5 %
 ���%�"� 6�&" 5�
��� #�� 3�$18.7%3�$
�5
�1.33$ �3�� �� <": �30 /
��"� ����� 	A
��"� 33$ �38.5%� 3�$ �45
1


7.4%#�� 3�$2.
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 ;���	�)8(& 7� ���'�'	� ��01' �9�: "#�	� �#� ��*	� 7�� ����	�����	� ����L�	� %1
7����	� 
(��	�2005/2006  7����	� 
(��	�2006/2007  6��?	� ��� 51015LSD 5%��� 51015LSD 5%

��(	� ;�9 178b194.4ab199.ab208.7a21.69 176b217.4a225a230.4a36.44 
����M� ��� �& 45���� 10.710.8 11.1 11.3 0.34 10.3 10.5 11.1 11.2 NS
����M� ��� �& 60���� 16.0b16.2b17.1a 17.3a0.23 15.8b16.3b 17.1a 17.2a0.34 

Phyllochron*2.8a 2.8a 2.5b 2.5b 0.28 2.7a 2.6b 2.5b 2.5b 0.17 
-���.	� ��� / ��&# 1.1 1.2 1.2 1.2 NS1.0 1.1 1.2 1.2 NS
���� ;�92��M���.	� 19.0b19.2b19.7b 22.5a1.34 18.9b18.8b 20.7a 20.8a1.33 
"��� �����.	� 14.5d16 16.7b 18.1a0.68 14.4c15.1 16.1 16.2a1.04 

>�&�	� ��� /��.517.2b541.5ab554.2ab570.4a40.23 519.4b530.4ab553.4ab569.4a43.55 
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