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Effect of Zinc Application Methods on Growth 
and Grain Yield in Some Maize Cultivars 

 
I. Abdulhamid )1(

ABSTRACT 
The present study was carried out, under the conditions of coastal area in 

Syria, during the tow successive growing seasons 2006 and 2007, to study the 
effect of Zn and its methods of application (coating, soaking, foliar spray and 
soil addition) on growth, yield and its components of two cultivars a synthetic 
variety (Gota 1), and a hybrid (Albassel 2). The experiment was set up in a split 
plot design with 3 replicates. 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. The results obtained indicated that Zn had a 
significant effect on all the characters of growth analysis and yield and its 
components in tow seasons. The differences among the four methods of 
application reached the significant effect on plant height where maximum 
values were obtained by foliar spray and soil application, while coating and 
soaking methods led to increase the ear position as compared with other 
methods of application. Maximum values of stem diameter was obtained by 
coating and soaking seeds with Zn. The number of leaves/plant, and leaf 
chlorophyll content was not significantly affected by methods of application of 
zinc. From the obtained results it could be concluded that addition of Zn as a 
soil application and as a foliar spray gave the best yield compared with the 
control treatment. 

 
Key words: Maize, Zinc, Application methods, Growth, Grain 

yield. 

)1( Agronomy Department, Faculty of Agriculture, Tichreen University, Lattakia, Syria. 
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234* ��� � .� 5 �0 � .�� � .��+� � !���� � ����� � ��	 � ���#� � 5�� (� 46*� 

. ���� 7� 	/ 
��*) �� 8�� � 9�& ���#� :�%���50
;�6���� �6<�=*� ��'> ? @
.� ����� � �%��& � &'�� �'#� �� A��� ��& � ��4� �$� � B�=���� .

B,')� � (� ����* � C�� 4*�  � !����� � D��/ E�* .;����% ����� � ..��* 
���50%���G� � .���H� (�D��� ���% C�� (� " �* � .� A��� � !����� 

���� �)Gibbson, 2006. Graham et al.,1992 .(�#��4 �<=� ����6) �6�=�� 
 �%��& �� ��	�H�FAO (@ ���30%�� � C�� (� .��* ��%��& � .���H� (� 
��

(@� (� ����# (��. � (�4�� � 4+��<����')� � I	>(Sillanpaa, 1982).
�J4K A��#@ �6�+���� B�	 ��#6�� � 9��6�H� "�4G#�� ���0' � �%��& � �6� �* � 

)Fageria. 2002(�6���* � (� ��'@ L,<#� : / �#��� � �4�#H�� ?�0' � 4��# �� 

M�-� � ���� � �<��� � 
���#N ��6��� (�6' .6 � ������ � ����� � A� � ;,6�@

����* � �4�� ��� ����* ��.���H� (% ;,�� 
� ��#�' � 66 � �+�4 5�� ����� � pH
�*���
�6���$ B�6�� � !6�$ (� C���,  M�-� � ����* � �����$ �<�� (�' . �� 

)Rashid and Ryan, 2004; White and Zasoski, 1999 .( ��)6� �6�' (@ :6 / 
��6�*  .+� ��#6� � ��016 � (� 4� � :�% 4%�#� 4$ A� � .� 4�4� � &�'� 9����

 .��� � O�#� � .� ���� �)Mengel and Kirkby, 2001(P�6�� � (1) L 	 .� Q�1) 

��� �� 4��� �?�+ �� )Cakmak et al, 1998; Tandon, 1995(.

34* !����� � E*� '� ����� � ��	 ��	 � �&�H�� ����� �
�#�#6� � B���� � (� 
���� � C�� )Martens and Westermann, 1991(
(�� .� 34* M�G@ !����� 

��#�#� !$@ (���) �� ��*) �� 8�� �'(Clark, 1990).
�'	Bundy, (1998)��	 � ��� (@ : / !� . � ����� �136�� ;�/66> (6� 

�+ �4�� (� �<����� �� S� A��� � J�� 
��280���� ;�(����� �.
��)@ Ashoub et al., (1998) ��6�� � ���% ����/ ����� !�� ���6�/ (@ :6 /

 ���� � �<��� M�-� � ����* � E*� �6���� (6� !��@ B��' A��� � ?��- ������
 ���6 � �60H� (� B��$� 
��'@ ���� ��� :�% !��� � !+@ (� .$�� � T� � 4�6<+U 

.��� � � ��/ (% O�� ��4� ��� � (�� ����� � B�.46+� (�� .�Lu and Lu (1988) (@
A��� � S�� ������ .$�� � T� � ����� B��' ���� � ����� � �*� � ����� �.56�� .�

V�G��)W@���� � ����/ (@ : / ��@ .$�� � T� ��.��H� 4��# �B4�& �6��� � �6�- � 
� �0'@ ����� � ��	� �� (��M�G@ �)Latif et al., 1983 .( B6��+@ ���4$ �#��4 .��

 �'#���� .� 
��'���H� ��)W@�<�� ���� � ����/ (@ : /�T�����@ B6��' ����� � ��	 � 
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(� �� �*� !$@/��� � : / ���* � �	> ���� )Pumphrey et al., 1963(.
��#V A��+ .� B�#��4 B�'	 (@ %��& !�$ A��� � S�� ��� �� �< (#���� ��	6 � 

����� �)Harris et al., 2004; Rashid et al., 2002.(
��)@Slaton et al., (2001) 
: / !6�$ ��6�� � B����'� &�H� A��� ���* (@

 ��4��� �%��& �2.2X5.7���� ;�!'  1Y'���� � ����/ (� !��@ (�' ��	� ��� � : / 
!4*��11Y'/��'> .+�4Yilmaz et al., (1997) ����/ (@ ���� � B��' ��� � : / 

A��� ���* (� �@ .$�� � 4��# � (� !��@�J�� � 8�� .
> ����� � ��	 � (� (���� ���+#� �#��4 : / 5�� � ?4> !#�� ��2�6���� 1

�6��� � �6�- �� ��� � B��)K� E*� .� �>�0@� ���� � ���% (� ����/ ����� �4* 
�<���'��.

J0��� � O�%	� ���� 
B	���#��4 � ��� .� ����� ���� ����� .(�6�� !�46+ �1E6*� C���6G �

 ����  .'���'�� � A�'� �� �����G ����*25"#.��� ��� � B��@ �6>� Z�6� B�&
.�4*� � B��� ��' 
[�� � "��#��� �� [�� � ���#�� ���&�'�� ����* � (� ���G�� 

M�-� � 5�� � 9���� ���� � ���% ���# N� !����� Q�,G#� " J	 �DTPA .
B��' 6 � ���$ pH6.5� !�H� "#�� � .� 6.2(�6� S�� ��>,'� .��0 � "#�� � .� 

T��< �6X7
� � .>� �� �0� � 4�4 �+�4  ��#��� � ����� � �����6 � ��	6 � B�6��  
A#��)Purseglove, 1988(.

	�/���)1(<% ,���-	�(;�'�;��	� /����	�� ��%��-	��%���	 
K��0	�/(����	� 
.��	� 2006 2007 

pH 6.5 6.2 
���"� *���%1.52 1.41 

������ ����%�:; )�������/
.(0.49 0.41 
N.�4*� 7.8 7.0 
P[�� 7.0 5.9 H�%;	� ���'	�ppm 
K[�� 91.7 86.9 

!�� 5350
(�� 3940 (;�'�;��	� /����	�%
B�# 810

(���� 0.6 0.8 
\��� 0.2 0.4 
&��-�� 0.5 0.8 H�&�	� ���'	�ppm
���� 0.50 0.32 
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��)�� � S�� � "�=� ��� ���+ � B��� B����54>�)6 � ����*� .> B,��*� 
.$�� � T� �� .��H� 4��# � .> ����/ ����� S��@ (% ;,�� 
���� ����/ (�4�

A��� � ���*� A��� � S���.
��GB5,0 
����*� !'  B���'� .]�' ��'� � (�6��� �4%��� ���G �*��@ (� 

�<���704��� � �G � :�% B���� � (�� ���#� � B��'� 
"# 25"#.Q��%� ���#� B-�� 

��'� �7"2�46��� � �6���*� � ���#�� 21"2)3B���6'�×7(���#6� �� 
�6��*� �

 ?�� !'  ���G� �105"2)B,��*� \�G×21(
(% ;,�� B���'� � (�� B���� � 
!4*��50(���'� � (�� "#.

_���� �%��& � B�19"�% .� ���@ 2006�25"�% .� ���@ 2007.��#6 "6 
 !,G ����H�.�#�� ���+ � .!#�� ��> (���� 9�&2����� 
.+�& (�+> �>� 1

.��'� ?�� �>�.���+� � (# � �<� I���� J� � "�<������ 0.2&���� /"#
!4*��
� 9��#@ !' ���10� �B�B��� !'  .

��4��# � ����* � B���@ �#��� � !4*�� 150
100
�50Y'/(6� 6>N�P2O5 �k2O. �� � :�% "��#��� � B����'� .0,0 B��#�����#� "�����@ B��� !') :�%.
?��@ .��H� 4��# � .� !4�*� �� 3.6Y'Zn/6>"�4G#�� ��6�� � B�6���' 

ZnSO4·H2O���� � ��#�� �<�� (Zn%36.4) !4*�� 10Y'/6>������ B� 46*� 
6� B�����10"��@ )?G � 4�% (���# :�% �0� � ������.
"4G#� .��6� !�6��� ���6� .� ���� � B����' 8�� .$�� � T� � ����� .�

 Q�� ���� � &�'�1%��*� B���� �� T� � "� 20;���� �4��� ��� .
]�@ �� � S�� ����� .�A��
"4G#� 4�� .��� !���� ���� .� ���� � B����' 8��

 Q�� ���� � &�'�1%�4� A��� � Q�� B*��� 12�%��& � !�$ �%�# .A��� � ���* "
 !4*�� ���� � B����' 8���1%�46*� � A��� � (&� \�#@ :�% ���#�� ���� � (�

�%��&� .� 4�% ;���4� A�)%H� ����'� B��+@�+�� .
(����C� /����	�� ������	� 6�� 

M�+ ]4% ;��%��#@ ����H� 4*� B����� 5�� 
B]4% ���'� �$�� � ��� � J��#6�1
(�#� � ��K� 4�%.;���N 4* � ����% !�<# � 
�#4�#6 � �$�� � :�% ��G ���* " �6� 


A�#�� 8�# 6 �Phyllochron �� ��<= (�� .��& � !��� � .�*� J	 � (�$ (�& �@ 
������.
4*�45(� ���� B�����W@ 
	GB̀0,0 �a\�6$� ��6'� !6' (� B���� B�6�� � (&� 

� 
��$�� � Q��#�� ����* � B��' 4*�60;���� B����� (� 
8�# �� �A�#�:
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W1 – W2 !4*� B��� � ���)b/"2/9��#@(=T1 –T2 
	/:W2.��0 � (�& � 4�% B���� � (&� �>T2��>60���� �W14�% B���� � (&� �>T1�>� 45��� ;�.

.��0 � (�& � .�)60"�� (��)�* � �$�� � B	G@ 
�B�6��� � (6� ��)6% ��4�� �
 � 
�%���� �"� C,G#�  � ����*� G#�� .�' � !������' "�4(��#H� 80%��6#��� 

&�<+ .��� � C���N� Spectrophotometer (�+�6� � !�6� :�% 646�663
������;�� 4�*� � ��� 
��Z�)Harborne, 1983:(

Total chlorophyll (mg/l-1) = 17.3 (A 646) + 7.18 (A663) 
_���� 4��� � "31/8/2006 � !�H� "�* � .� 3/9/2007.��0 � "�* � .� .46�%

4��� � 
��'� !'  (��#� � (��G � (� B���� ��)% 	G@ 
\�d$� 6%� ��# � 9���� 44
 �� ���*� � B����� � (� 44%� B��� � :�% (�&�' �(�&�'  � !��' 
&�' ?���6 � 44%� 

�<�&�� A��� � 44%�����<� � ���� � ��- �� .
7�e�O����� ��� O��� � B�Statview (��� � !��� ���G�� ANOVA .7� 4$�e�B6�

4� :�% ?�� !' O����.
E���'	���8�'�	�� 

1������"# �0��  �!� �� �	�� ��'	� ����� <% (! $�����	� 
�I��	� ��;	� G������ ��.	� G�����:

�<=O��� !�4+ � )2(���� ?�� �� ���*� � 1���� � ����/ (@ �6=� � E-� 
 (%����� ������ 
: / B4@ ��#�  .��<� � 9���N� �4��& ������ ����*� �4��& � B��'� 
 �� & � B-�� 5�� 
4>�) �4�� S��H� B,��*� � �#��  ���17.6%.6� "6#�� � !�H� �12.6%.�"#�� �.��0 � .
��� � : / ���� � ���% ����/ (@ 8�� ��' L 	'� 
6��' A��� � ���* ������ �

!�H� "#�� � .� .$�� � T� �� A��� � S�� .���� (� !��@ ��#��10.2%��@ 
.�
"#�� � .��0 � B$]�������#�� .$�� � T� � ����� :�% ���* � ���6.7%.

J��*� !')� J��* � &�' � 9���� : / ���� � ����/ B4@ (% �=� � E-� �6���� 
�� � ���� :�% ���* � ����� B$��� 
����������#�� �3.7%
��#6�� 4>�)6 � :�%� 

7.1 %� 
!�H� "#�� � .� A��� � S�� ����� �<��0 � "#�� � .�.�.
;����*� B$�� 4$� 
��# � ��$ �4��& : / ����% ���� � ����/ B4@ 
M�G@ �<+ (�

 ��#�� M�GH� ������ ����� :�% S�� �� ���* � �����5.5%�4.9%"6#�� � .6�
 ��#�� 4>�) � :�%� 
. �� � :�% .��0 �� !�H�16.4 %� 
!�H� "#�� � .�19%.6�

.��0 � "#�� �.
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	�/���)2(����� �!�"# �0��  ��.	� G����� (! $�����	� Q� 8� �G����� I���	� ��;	� (�! 
� �> 1'�	�1.

�4���	� 
.��	�
(����	� 

K��0	� 

. )�� �=��

$����� 
���.�
("�@ 

����
5�%�

7�
(8�� 

60'
5�%�

LSD5%

��# � !�� 176c* 222a 212a194b200b11.25 
&�' � 9����J��* � 70c 72b 75a 72b 73b 1.54 2006 

��# � ��$ 4.34c 4.82b 5.11a4.75b4.99a0.12 
��# � !�� 178c 202ab 207a194b199ab12.35 

&�' � 9����J��* � 70d 73b 77a 71cd76a 1.77 2007 
��# � ��$ 4.33c 4.92b 5.17a4.91b5.14a0.17 

*�� � ��# � .� �<��)� � ?��H� !4�<��$ (�� ����*� ���� 4�+� "4% :�% 4�.
!#�� (�+< � 4�%2)!�4+ 3(�60@ 56�� 
Q#�� :��� � O��� � B	G@ 
B��6�� � 

/;����+� .� !�� 
��# � 	/�4��& � ��#� B-�� B,��*� � �#��  �6�� ��6�* � 4�+�� 
22.6 %"#�� .�2006� 
16.4 %"#�� .�2007 ������ �4>�) � .(@ 8�6� �6�'

 ����� ���* � ����/��� � (� ;���01 !$@ B��' .$�� � T� � ��"6#�� .6� M�GH� �
��� �<$�� ��#� B-�� . � !�H� �%��& �8.6%�� � B�0��� 
��.6� �6<��� �6��� �

.��0 � "#�� �.
������ �� J��* � &�' � 9���� : / ���� � ���*� 4��# � M4@ 
"�% !')��
4>�)6 �

 ���# .�  �����
4>�)6 � S� B�0�� . � .$�� � T� � ����� ���0#�� �4��#6 � M4@
���# � ��$ .� ����*� �4��& : / ���� � ������ B,��*� � S��+ �4>�) � S6�� � (@ 4�� 


(� !��@ ���' ���* ����>��� .
	�/���)3(����� �!�"# �0��  �	� ��;	�� Q� 8� ��.	� G����� (! $�����	� )���:	� �'� I�

/.�%2.
�4���	� 
.��	�

(����	� 
K��0	� 

. )�� �=��

$����� 
���.�
("�@ 

����
5�%� 

7�
(8�� 

60'
5�%� 

LSD5%

��# � !��168c 214a 215a 198b 197b 14.16 
&�' � 9����70b 73a 74a 71b 73a 1.87 !#��2

2006 ��# � ��$4.15c 4.72b 4.92a 4.72b 4.88a 0.12 
��# � !��169b 196a 202a 194a 195a 13.28 

9����&�' �70c 73b 76a 70c 75a 1.65 2007 
��# � ��$4.13c 4.72b 4.92a 4.77ab4.88a 0.15 

*�<��$ (�� ����*� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?��H� !4.
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���� O��� � �<��% !��#� � �� S� E6*� Q� / B��)@ 5�6�� � 
56�� �6<�� 
EL-Sheikhi)1993(Q6�� ���� � &�'� !����� ����� � ��	 � T� (@ 4+� J	 �

42ppm��# � !�� �4��& : / M4@
�#��4� Latif et al.,)1983((@ ��46+� (�	 �
 ;�)� �@ ����@ ���� � ���*� 4��# � �$�� � ��� 4�% ����H� :�% 8X106 / M4@ :

&�� � E*� 4�% B��� � 9���� �4��& 
S�� O��� )Ibrahim, 1995 (.6 �]�� (@ B6� 
4��# � � S�� � .����� ���# � ��$ .� ��'@ �4��& : / B4@ ���*.
�)��;�����	�� ����9� ���:

.� ���� .��'� � ?�� � 1)!�4+4(('� "  
B6��' �6�<� 
��6�� � ���6��
 �*� ���01 
����� � ,G ����H� 44% .� ��� ���� � ���0#�� 5�� � .�#�� !��+#6� � 

"#�� � .�2006 4*� 60;���� 4>�) � :�% �<*��+ 4��# � ����� B$�� 	/ 
B����� (� 
��� ��� � ��#� B-�� 4$� 
S�� � ����� ���0#��8.%!+# "  
M�G@ �<+ (� ���� 

�$ 4�% ���� � ����/ ����� (�� ����*� ������ (�& \�Phyllochron.
�	�/��)4(�!�"# �0��  ����� � �> 1'�	� �'� )��;�����	�� ����9� ��� (! $�����	�1

�4���	� 
.��	�
(����	�K��0	� )�� �=��

$����� 
���.�
("�@ 

����
5�%�

7�
(8��

60'
5�%�

LSD
5% 

4*� ����H� 44%45;���� 10.3 11.1 11.0 11.310.9 ns
4*� ����H� 44%60;���� 15.8b 17.1a16.9a17.2a16.6ab1.10 2006 

Phyllochron 2.73 2.50 2.54 2.542.63 ns
4*� ����H� 44%45���� 10.5 1111.0 11.110.8 ns
4*� ����H� 44%60;���� 15.5 16.3 16.2 16.516 ns 2007 

Phyllochron 3.0 2.83 2.88 2.782.88 ns
*�<��$ (�� ����*� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?��H� !4 

�<=O��� !�4+ � )5((@������ (�& � �01 !#�� (�+< � 4�% ���� � ���*2	/ 

��� .��& � !��� � Y��3.26���� .�"#�� � .� 4>�) � 2006�3"#�� � .� 2007


 � ���% (@ :�*�� (@ 4�� 
����H� ��<= (� 9]�# ���� �6����� ���6� "6  I��01
������.

I4+� �� S� �� �+�� � I	>Ibrahim et al., )1990(446% (@ ��46+� (�	6 �
 .$��6 � T� � ������ ���# ���� � ���% ����g� ;����*� �01� "  B��� � :�% ����H�

 �� N �<�@ 4�� 
.��H� 4��# � �@ O��� S�EL-Sheikh )1993 (T� (@ 4+� J	 �
B��� � :�% ����H� 44% �4��& : / M4@ ���� � (� !����� ����� � ��	 � B���.
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	�/���)5(������!�"# �0��  �'� )��;�����	�� ����9� ��� (! $�����	�)��:	� /.�% 2
�4���	� 
.��	�

(����	� K��0	� )�� �=��
���$�� 

���.�
("�@ 

����
5�%� 

7�
(8�� 

60'
5�%�

LSD
5% 

4*� ����H� 44%45���� 11.2 11.3 11.3 11.3 11.4 ns
4*� ����H� 44%60���� 15.8b 17.3a17.0a17.2a16.9a1.01 /.�%2

2006 Phyllochron 3.26a 2.50b2.63b2.54b2.73b0.33 
4*� ����H� 44%45���� 11 11.3 11.1 11.1 11ns
4*� ����H� 44%60���� 16.0b 17.1a16.4ab16.7ab16.3ab1.00 2007 

Phyllochron 3.00a 2.59b2.83ab2.68b2.83ab0.29 
*�<��$ (�� ����*� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?��H� !4 

���'	� /��:
(��O��� !�4+ � )6(� � ���% (@ !,G ��� � !4*� (� (#� ����4� � �6*$�� �

 (��45X60;���� 
	/;�#��$ �4��& � B-�� 4>�) �� ���9X9.5%"#�� �� &��� � A#��
.%��& � .?�G� ���� � ���% ��01 (@ 8�� ��'  ;�*� B�6<= 4$� 
������ �����

 A��� � S�� �����)��	� �(;���01 !$@ �%��& � !�$ !4*� .� �� � (� ��� ���M�GH� �
"�% !')�.(/��� (� !' T� �� .��H� 4��# �� ����* S� �� S�� � ����� :�%

Q���# O��� )Ibrahim, 1995(
	� /���)6(������!�"# � �> 1'�	� �'� ��'	� /�� (! $�����	�1/.�%� 2.

�4���	� 
(����	� 
.��	�K��0	� )�� �=��

$����� 
���.�
("�@ 

����
5�%�

7�
(8��

60'
5�%�

LSD
5% 

(�� ��� � !4*�45X60"�� 42.8c 47.4a 47.0a47.5a44.9b2.01 � �>12006
2007(�� ��� � !4*�45X60"�� 42.4c 47.0a 46.6a47.1a44.4b1.99

(�� ��� � !4*�45X60"�� 43.0c 47.6a 47.1ab47.7a45.1b2.21 /.�%22006
2007(�� ��� � !4*�45X60"�� 42.6c 47.3a 47.1a47.4a44.8b2.02
*�<��$ (�� ����*� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?��H� !4 

S���6  J���6� ��6�* � �	> (@ I4�� ��� � !4*� .� �����  .��+��� ��01 �
 (����� � 4 �� ��� �6�� � B�6����> (6� �6�0' 4�6#@ L�6#� (� �6�� �6� @ �6< 

Alpha Napthalne Acetic Acid (ANA) !�6���� � �6�� �4�6�& Q�1) (� J	 � 
(Brown et al., 1993).

�(�;	� /�!����;	�:
.�' � !������' � &�'� (� ���� � ���*� 4��# � a(h#a�)!�4+7(��#� B-�� 4$� 
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 ��� 4>�) �� ;�#��$ �4��& �27%� � ,' 4�% "#�� � .� (���2006�6��� 22%.6�
 B,��*� � S��+  �#��' .��0 � "#�� � .�����  J��*� ��01 J@ L��> ('� "  
!���� ��

���* � �	> ����/ .
	� /���)7(����� �!�"# (�;	� /�!����;	� ��;�� (! $�����	�)6�/$��"- *��� R(1'�	� �'� 

� �>1/.�%� 2.
�4���	� 
.��	�� 1'�	�)�� �=�� $�����("�@ ���.�5�%� ����(8�� 7�5�%� 60'

LSD 
5% 

8.09b 10.49a 9.99a 10.65a10.04a1.89 � �>12006
20077.59b 9.56a 9.01a 9.45a 9.11a 1.40 

8.00b 10.40a 9.97a 10.55a9.95a 1.91 /.�%22006
20077.70b 9.67a 9.15a 9.65a 9.12a 1.33 

*4�<��$ (�� ����*� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?��H� !
�%4� �	6> (16� ��'	�  .�' � !������' � &�'� .� ���� � ���*  .��+��� ��01 �

 (1) L 	 .� Q�1) !������' � A�'� .� !G4� ���* � "��&��-� � "��6#��� �� 4�4� � 
B�&Z�� ���#�� ��.��% ��01� ��)6� �4��& Q�1) (� !������' � ���G .� ���� � �

.��� � !�0� �(Brown et al., 1993).
2�������!�"# �0��  �:��'�;�� ��&	� (! $�����	�:
���%'	� B�� )���;	� ���:
	� /���)8(� �> 1'�	� �'� ��%'	� B�� )���;	� ��� (! $�����	� �!�"# ����� 1/.�%� 2.

�4���	� �	�� 1'�	�
.�$����� )�� �=��("�@ ���.�5�%� ����(8�� 7�5�%� 60'
LSD 
5% 

1.0b 1.2a 1.1ab 1.2a 1.1ab 0.17 � �>12006
20071.0b 1.2a 1.0b 1.2a 1.0b 0.18 

1.1b 1.4a 1.2ab 1.2ab 1.1b 0.22 /.�%22006
20071.1b 1.3a 1.1b 1.2ab 1.1b 0.19 

*��H� !4�<��$ (�� ����*� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?

�<=O��� !�4+ � )8(B�6�� � :�% (�&�' � 44% .� ����*� �0@ ���� � ���% (@
 ���� ?�� � 4�% ���+ � .�#�� !,G1L6 	 (�'� 
"�4G6#�� � .6���� 4��#6 

 �� � .$�� � T� �� .��H� �) � :�% �4��& ���� (�>��46�� 4>20%.�6#�� .6�
 ��<$�� (% ;,�� 
���+ � ;����*� �� � :�% ���.� M�GH� ��#�� .��0 � "#�� � 20%

;���@ .H� 4��#�  (�' 
!���� �� �0@ .�� !#�� (�+< � M�#� :�% J��*� 2
	/B-�� 
��� !�H� "#�� � .� �4��& �27%�18%4>�) �� �#��$ .��0 � "#�� � .�.
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���<� / ����� . � O��� � !0 O��� S� Harris et al., 2007)((@ ��46+� (�	 �
 ����/2.75���� Y'��- � (#����� � �+�� L 	� 
�4��&�<�&�� (�&�' � 44% .
�5�%�	� ���� 1���	� ��� /��;:

.� A��� � 44% (@ I�'	 ��4+ � (�&�' � ?��� � 44*  ����� \�#H�� �> /.6�
' �&�xA��� � 44% /?� �.

B�<=@O��� !�4+ � )9(4��# � (@� � .� ?��� � 44% �4��& : / M4@ ���� �&�' 
.� ���� ?�� � 1(�� �4��& � B���� 4$� 9.5%�10.6%.��0 �� !�H� "#�� � .�

. �� � :�% ..����� 4��# � (@ (�� ��'� ���* ��� � !$@ S�� ���;���01 �!')� "�%.
4�% O��� !��� 
&�' � .� A��� � 44% �)K� �� !0�� =�� ��.6� ���6��� �

T� �� .��H� 4��# � .���� 8 ��  .��0 � "#�� � .� (���� 
!�H� "#�� �	/B-�� 
�4��& �3.2%������ �(���GH� (����� �.

!#�� (�+< � 4�% 4��# � M4@2��#�� ?��� � 44% �4��& : / 11.8%"6#�� � .�
 � !�H�10.9 %.��0 � "#�� � .� .�� B$�� 4$����4��# � .��H� :6�% T�6 �� 
.������ � ���* �� S�� �.��0 � "#�� � .� 4>�) � S� ������/ ��0�� (.

4�4&� .� A��� � 44% .���� .$�� �� .��H� 4��# � 
�B-�� �4��& � �6#�� �� 
���5.4%��������) �� !�H� "#�� � .� 4>6.7%.��0 � "#�� � .�.
	�/���)9(����� �!�"# 5�%�	� ���� 1���	� ��� (! $�����	�/��; �� �> 1'��	� �'�1

/.�%�2.
�4���	� 
.��	�� 1'�	�

(����	� K��0	� )�� �=��
$����� 

���.�
("�@ 

����
5�%� 

7�
(8�� 

60'
5�%� 

LSD 
5% 

?��� 44%/&�'14.4c 16.1a15.4b16.1a 15.5b0.55 2006 A��� � 44% /&�' 519.4c553.4a537.5a550.0a536.6a16.9 
?��� 44%/&�' 14.1c 15.9a15.3b15.9a 15.3b0.51 � �>1

2007 A��� � 44% /&�' 514.3c548.3a530.1b545.1a529.0b14.5 
?��� 44%/&�' 15.2c 17.8a16.4b17.3a 16.5b1.1 2006 A��� � 44% /&�' 530.5c561.6a549.5b557.0ab548.2b17.1 
?��� 44%/&�' 15.1c 17.0a15.9bc16.5ab15.9bc0.9 /.�%2

2007 A��� � 44% /&�' 540.3c578.3a559.8b575.1a558.0b16.9 
**� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?��H� !4�<��$ (�� ���� 
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�5�%�	� )�� ��%�	� ��&	�� :
(@ : / B�#��4 � ��) ��� � (&� ��-� ��4%�� � A��� �� 
&�' � :�% �<*$�� A#��

 !�6�@ �<�	6-� ;N�@ B��6G@ �6<��' �6��� �� :�6#� � A��� � (� ��'@ .(�6� 
Kiniry et al., )1990(� �	6> (@� 
A�6�� � 44% C��� 4�4&� ��� � (&� (@ S6�

.0��� � &��� � .�<=@ 4$�Wang et al.,)1999((@�4��& B�6�� � :�% A��� � 44%
(� !����� � ��� !4*� .

@�;�� 
���� ��� � (&� ��>��4� I	>� 
(�&G �� A�*�#N� :�% �<�4���* �44*
 �6�� � .� J��G � ?%�� � ��� !,G 44�� J	 � "��#�4�H� ��,G)Jones et al., 

1985 .( .6� B�60@ ��� � �,�� ��� ���0@ .� ������� B��G4� � (@ =��  
!���� ��
 "��#�4�H� ��,G 44% (% �=� � E-� ����  .��<� � (&� �)Haft et al., 1986.(

	� /���)10(������!�"# �0��  (! $�����	� 5�%�	� )��(!� �> 1'�	� 1.
�4���	� 
.��	�

(����	� K��0	� 
5�%�	� )�� 

)�� �=��
$����� 

���.�
("�@ 

����
5�%� 

7�
(8�� 

60'
5�%� 

LSD
5% 

A��� � (&�
&�'/b55.3b 61.9a60.9a 61.0a 59.2ab4.3 
A��� � (&�
B���/b55.3c 74.3a66.9ab 73.2ab65.1ab10.0 2006 

���� � ��- �
(�/6>2.95c 3.96a3.57ab 3.90ab3.47b 0.45 
A��� � (&�
&�'/b51.1b 60.2a59.9a 59.8a 58.7a 4.4 
A��� � (&�
B���/b51.1b 72.2a59.9a 71.8a 58.7b 12.9 2007 

���� � ��- �
(�/6>2.73c 3.85a3.19b 3.83a 3.13b0.56 
*�<��$ (�� ����*� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?��H� !4 

�<=�O�� !�4+ � )10(���� � ����/ (@ B4�& (&� (� A��� &�' � J�6�* � 

A��� � (&� (�� � B��� � :�% (����' � ���� � ��- � ���#� � �4�� .� B6$�� 46$� 


�� S��+����- �� �4��& � �#�� Y�� 4$� 4>�) � :�% 4��# � ����26%.�"6#�� � 
� !�H�28%.�"#�� � .��0 � .�<+ (� T� �� .��H� 4��# � ����� B$�� M�G@

 S�� � .���� :�% .$�� � � ���* �� ���# N.��0 � "�* � .� 5�� ��� ��� � ��#� B-�� 
21.5 %���� � ��- � M�#� :�%.

!�4+ � .� �4�+�� � O��� � (��)11(0@ ���� � ����/ (@�(&� .6� �6���*� B
� &�' � :�% A��� ����#N � .� .��0 � "#�� ��� �4��& � ��#� B-�� 4$� 11.9.%

���� � ��- � M�#� :�% ��� �4��& � B-��14.3 %!�H� "6#�� � .� 4>�) �� �#��$
�19.6%.��0 � "#�� � .�.
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	� /���)11(�!�"# �0��  ����� /.�% 1'�	� �'� �:��'�;�� ��&	� (! $�����	�2.

�4���	� 
.��	�
(����	� K��0	� 

5�%�	� )�� 
)�� �=��
$����� 

���.�
("�@ 

����
5�%� 

7�
(8�� 

60'
5�%� 

LSD
5% 

A��� � (&�
&�'/b59.5 61.5 60.9 61.0 60.6 ns
A��� � (&�
B���/b65.5b 86.1a73.1b 73.2b66.7b10.9 2006 

���� � ��- �
(�/6>3.49c 4.59a3.89b 3.91b3.56bc0.39 
� (&�A��� 
&�'/b58.8c 67.5a65.8a 67.1ab62.8bc5.2 

A��� � (&�
B���/b64.7b 87.8a72.4b 80.5a 69.1b12.1 2007 
���� � ��- �
(�/6>3.45c 4.68a3.86b 4.29a 3.68bc0.40 

*�<��$ (�� ����*� ���� 4�+� "4% :�% 4��� � ��# � .� �<��)� � ?��H� !4.
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