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XP� �� '*��  G?�	��!��, ��    �N� �N" +N� ��PQ �4 ���

 ZU�?� +&"4�6[ 154     �*�NPQ 6N�S%	 � ��N�7! �%����
599 d%��� G	 �%����W 5�4 �8	� 6�S%	  �4 56$, �� hE ��

���4 ��� G��+ .�r?� ��.?�Q '*�� f�* ���?� �4  ��N��4 �� 
�  N� ���?� 54�� ��D� XI�� +��R � s%NJK  ���N�  ��N!

 ���6*��� � ���,� e�7&	 '*�� ��� 4%� .   +N&"�?� ZUN
�%&" e" �4 '*�� t��M� 5�R��  4�6N[ 600    ��N�7! ��fN!� 

6�S%	 �O 3-9/2    4��O�N� GN	 �%���� �6N�  +N� .  qN%��
 ���?� �4 '*�� 4�7���4     �*��N u�NJ� � ��N�7! �4 G	 �O

 4�6NN[38 %NN��", 5�+NN� )Ministry of Jehade- 
Agriculture, 2001(.  

 5�R����%� '*��W ��%��  ����4 �NE 4�7����?G W N��[+� 
������ � ��>O ���!XP� � �,6���%K � �	%�)#��(  6$�N�!W 

� �S� �    T%N�U� +NME +N�V�" G�N��4 e�S4W    XNH\ � �NU�
T%K����� �6$�E����� � c%8U�W   �6N�� lNM� ��   �Nv��� ��

'*��� �� ���?� ���" �s�J�K� 4%K �4�4 6*� .G?����$�W  �HS�U�
 +K�$� � ��V; �7��*j ���K� � 5�R�� G?� XP�5�R��  :�;�

 �6�T%�U� ��V; 6Q��W 
���*� +PQ   � �N��� 5�R�� �� �P*O
�R�	 ���*�� �4 �P*O �4�" 4��� �!W ��   ��gwN� _�" 6*�%	  �N�

    �N� ��%N� 5�NR�� 4�7��� l?�f>�   T%N�U� ���N;%JK 6N$*�� 
������ �� +����� W��4��   #�� � �N! 6N?��*.    :�N;� 5�NR��


%J���E �6� �	 �"�6� �>�H� �%$" ��� W6*��=$E X��  �*�
    +N�� ���N��� �N� +8N�* +����� � ]�� W  eN�S4 �N�   tHNv

 �V�" ���;%JK)+ME +�V�" x�;%JM�(W  5�R�� �� +��R� �4
��%�W ����� �6$�E   ��N��6* �*�6N$o  6N*�.   G?����N$�  +N4 �N� 

 4�%N� �4 y��Q ����\� �4��O  N ���K�  �N7��*j �N�"�	 �-
 ��?DE4�%� G?6S��  �R�	 �N�  C�� �� �4�V�N�  ��N! j  _N��*

��"W 4%8P� +PQ �4 ���;%JK  5�R����%�    �6N� :�N;� �
4%Q%� +� ����v.  

��"�	  ��?DE��%��  �� ���N8�  �?�N*�%	  _N?   �4 6NS��
�	�� b��* 6�S%	 G?6S�� �?� �� �R�	 �4 +� . �6!�&��6� 

�" +� T%�U� XR� �4 G�� �R�	 ���%�!    6N�S%	 �N� �=$�
�* �� �	�� b� �? _? z��S  +VN; 6$o �N�*  4%N�  �N? �   5�N�	

�R�	 G?] G�� ��!4�8$?� ��!W    6N$!�%M* ��N&* h?����!
4�4 .�.?4 ���8� ��W l�E �$�� ��f�� ��"�	 6S�� �4 ��?DEW 

 �� �>�;#�� ���;%JK �� c�\� �P*O    �N	 �N�� W4��6* 4%Q�

���6*� �� ��  ��%	 +8�*G?6S�� ��V; �8�"�	%* �� ��$��\� 
+��4 .    u6N! �N" �HR�%N� �4 G?����N$�W     W�N	�� b�N�* 6N�S%	

��P�     �N�?��� 4�N=?� � :�N;� �? � h?����! �6?6E �� ���4��
6��� 6?6QW  �6�����"�	 6?����?DE �P*O 4�%� ��  ���R ����

4�4 .6S�� 6$o �? �4 �" ��R� G�${�!W     �%NI$� �N� qN�> �*

�� e�* �4 �4�V��W �7��  I$� �� XR� �? G?] _? :�;� �%

�� �4�4 �R�	 6*%� W��"�	 +K�$���?DE  �P*O   �%NI$� �N�
 �6?6E �� �4�V��h?����!  ����v � XP�+� )Ehdaie 

and Ghaderi, 1971(.   
  �j eN�� 4�%N� �4 5�] ����\� G���4 �� �N!   _N? �4

�[�;� +�H�QW ��  N;� C�� T�M�*� �� +8�* ��%	 �[�
 ��4�NN8�4�NN" .NN� �4�NN" �4��%    �NN*%, _NN? �4 +VNN;

4%K �4�, &>�N ��6$*��      �N&?�f>� ���Ng� 
�N�$" +N�	 '*��
�j:�;� W6��� �! �� �,   GN?] T�NM�*� �� +8�* 6*�%	  ��N!

6Q��   �N� +VN; �O   �%N\     W6N?��* 5�6NR� ��gwN� ��N?�   ���Ng�
    �N.?4 eN�* �N� e�* _? �� �&?�f>�   
�N��*� eN��R 6$�N�! 

)Farshadfar, 1997 Gravois and Gomez, 1984;( .
 �N�"�	 4��O��    ��%N�� ��?DNE�   �N� �N;%JK   �� �4�V�N�

�R�	 ��4 ��!   �NR�	 <N?�\ �� f�* � eSO   |�N	 ��N!   #��N"
5�=*�  �N�  4�N�, )Poehlman, 1987, Brojevic, 1990, 

Ramalingam and et al., 1993( . C�� ��N�� �4   ��N!
4%Q%�W G?] �?f=	× ���	C�� 6$*��! |�	  �N" +� #��" 
� �O�4 � ��Q_?  ���	 G?6$o W���	    ���NR �4�V�N� 4�%N�

�� 6*��, .C�� G?��4W   �N�"�	 �N� ����    � ��%N�� ��?DNE
 W�;%JK���g� �j �� f�* �� �!  ��%	+4 �� 4��O )Ehdaie 

and Ghaderi, 1971, Peng and Virmani, 1990, 
Farshadfar, 1997, Satyanarayana and et al., 

2001 (. �	 G?���"�	 G��H	 u6! �� <��  � ��%�� ��?DE
�;%JK G?6S��  �j �N&?�f>� ��� � �&?�f>� ���g� �   �4 �N!

 �N�" � �V�" t��M� ��V; 
��$"W  �N�$��?  GN?]   ��N!
  �N�"�	 �N� T%�U� �$?6S�� ��?DNE    LMN&� � ]�N� 4�N" �

�6?� ��"�	  
%NJ���E 5�R�� 6�S%	 �%I$� �� 
O    +N�V�" �N�
+>�, ��%; T%�U� +ME.  
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 � +NN�� ���4�NN�$� �,6�NN� (K ��NNV�" ���NN;%J 
�* ��$� W�" 4�%�    �N�>�.* ���NR ������N&" C�?DE 6N*�   �N�

 6NS�� ��%$�G?   ��4�N�) ��N�	 ( �8   XNR� ��%N�   ���N� �N� 
�NN=�O W��NN��! �NN��!� W�$NN�[ W�6NN��� W�Q%NN�  W5��NN\

G�[ �?���E 4�7��� �� �?�� � ��]� W�?  �N	%� c�V	�� WG
6$��    +NME +N�V�" �NI* �� �" +�� ������ �� #��[ � 

6$��! 
%8R e��RW 6S�� ��%$� ��G?   ��6NE) GN?] (  �NI* �4
6*6� ��>�,.  �NR�	  5�] ��N!   GN?] C�� <N?�\ ��×  ��N�	

6� 5�=*� �  hY�4f*��  b��*+4 ��    ���N�! �N� �6N�O �4 
6S�� ) x�H�Q26 i�	%*j(W   d%N�� :�N\ �S�R �4    eN��" ��N!

 �� �>4�J	3      ��N����	 �N�%� �N&?���O �N��f��4 ���7	
'*�� �%&" )+��( 6$�>�, ���R ��?��� 4�%�.  �4 i�	%*j �!
��" �� �?�!  +[���6    _N	 ��%NJ� � yN��� ���  �N	%�   �N�

 ��;�>25×25 ��*�  +&" ���6�.     �NHS�U� 4�%N� ��VN;
e���  �N�%K 4�6H	 W�*�4 4�7���  �N	%� �4 6N; ��� W   W�N*�4

�	%� c�V	��W  �	 ����,6��W     ����N[ �NQ�4 W�%N���O ��f��
 �$�	]j '*�� ��f�� We?68	 ���6*�� W�6�XS� �*�4 
%\ � 

4%�.  
�?f=	 e���	 �  h*�?�������  ��V; �� f�* �HS�U� 4�%�

d%�� :�\ ����O 
6� #��  �>4�J	 e��" ��! 6N� 5�=*� 
)Gomez and Gomez, 1984(.    �N7��*j eN���	 � �?f=	

+����R ���?��� ���� ��V;  ��!��"�	    �N;%JK � ��%N�� 
G?6S�� � ��4�4 G�.*��� �� �4�V�� �� e;�[ ��!10   �6!�N&�

��" �! �4 i�	%*j �! ��   6N� 5�N=*�.  +NPQ  �N?f=	    ���Ng�
�R�	 �fQ� �� �! �   �N&?�f>� h*�?��� �8��� G�${�! � �O

+NN�8S�� � �NN�"�	 4��O�NN� � ��?DNNE �NN! ��  �4�P$NN&�E C��
 ��%�Y�")Kempthorne, 1957(  �4�V��6� .  

  
 >2� � )��4�  

�*�?f=	 �� e;�[ '?�  h*�?���  �4 �HS�U� 4�%� ��V;
i�	%*j �4�V�� 4�%� ��! �" 4�4 ��&* �R�	 �g�  ����4 �!

�$H� ���V	  
���[� ZU �4 ���4_? 6;�4  ��������	 
��" ��V; � K ���;%J�V�" �*�4 �4%�   �  �6$!4 ��&*

�>�" c%$	 4%Q� �4 G�� i�	%*j ���Q �� �! �R�	 �!  ����
�" ��V; ��4%� �I* 4�%� .�R�	 �g� �?f=	 �fQ� �� �!� �O 

G?] ��$8� ��× ���	4�4 ��&* G?] �g� �" �!���	 � �! ) ��

�6� �$�	]j ����[ �Q�4 �� ���(  ���� �P*O e����� �g� �
 
���[� ZU �4 ��V; ����	_? �$H� 6;�4  ��44%� .

) 
�6Q1(.   
  ��"�	 4��O�� G?] ��%�� ��?DE � �!  �!���	) 
�6Q

2 (��"�	 �" 4�4 ��&* ��?DE ���	 ��%���! ) XR� �4
ZS�; � 4��6�Y �6� :�;�(  ������V; ��%K 4�6H	  �4

�	%�W ��� �	 �,6�� 
%\ � e?68	 ���6*�� W�%���O ��f�� W
�$H� �*�4  ��46*4%� .��"�	 +����R ZS�; XR� �x�	6�  �4

 l!�" +PQ��%K 4�6H	 ��V; �	%� �4 � � �	 ���,6�� 
 �4 W4%� �*�4 
%\ � e?68	 ���6*�� W�%���O ��f�� l?�f>� �

�S�[ �" l?�f>� +PQ �4 4��6�Y XR� �4 ��%K 4�6H	
�,6�� �	 ��� � �	%� +V; � l!�" �  �6$$" 
��$"

���;%JK �V�" �*�4W +��4 l�* .�.?4 ���8� ��W  �4
���	 �Q%	 ��  �&!�" �? �&?�f>� l�* ���P*O%	 W�*��? 

��V; 
���*�  �6� �"k4%K b��* �� �� �4��6$.   
G?] �7��*j ���K� e���	 � �?f=	 �" 4�4 ��&* �! 

 �� ����! XR��4%� ���4 ��"�	 � �V$� ��%�� ��?DE 
�$H� 4�7��� ��V; ���� ��4 �*�4 W�*�4 6; ��� ��f�� W

�6� �$�	]j ����[ �Q�4 � �%���OW  l!�" +PQ �4
�;%JK G?� C���b��* �4 �� +��4 l�*W �S�  ���� ��V;

H	N�%K 4�6N� �	%� �4V	�� WNN�	%� c� W��� �	 �N6��, 
e��" '*�� ��f�� We?68	 ���6*�� WXS�N \ �N�*�4 
%W  ��
e�S4 �$H� � +8m� ��%�� ��"�	 +����R �4%� ���4 ��4W 
~���  b��* �4 ���;%JK G?� l?�f>�6�.  � �*4��

����	� "�% )Sardana and Brothankur, 1987(  C��f,
 �" 6*4�"��"�	 �;%JK � ��%�� ��?DE G?6S��  �4 �

 yR�� c%* �4 �! l�*�&?�f>���� � �&?�f>� ���g� �j�! 
 � �!6�, @?��	 W�	%� c�V	�� W�=$E 4�6H	 W��%K 
%\ ����

 ���, 4�7��� XP�+�.  ����� � _����")Kaushic and 
Sharma, 1989(  �4 f�*���Ol?�!� 4%K  �&?�f>� ���g�

�j �&?�f>� ��� ���g� � ��%K 
%\ � �	%� c�V	�� ���� �� �!
�j�! XP� �*�4 ��f! ��� � �*�4 4�7��� ���� �� �$H� �  ��4

6*4�" C��f,.   
  �R�	 ��?����" 4�4 ��&* �! ZS�; �R�	× ����!

�4%� ���4 e�S4 �� ��"�	 �$H� � �V$� �;%JK ��?DE  ��4
 ���� �� �����4 ���� We��" �,6�� �	 ��� +V;

G?] W#�4�� ��! 6� �4�4 L�M&	 �8�$� ���4.  
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���4 �� ZS�; XR� yR�� �4 �4%� ��"�	  ��%�� ��?DE
 � �V$��$H� ��4 �6� 4�? +V; ����W  G?�r?��,  ��e��$� 

4�"�  �~��� �6� ��"�	  �� e;�[O� G?] �4�� ��!�  ��
6$?��* 6�S%	 .�R�	 4��6�Y× ����! f�* �4%� ���4 ��

��"�	 �$H� � �V$� �;%JK ��?DE  c�V	�� +V; ���� ��4
 W�	%�i�	%*j :�;� +PQ �4  +�;%JK �� �?�!!�	%"�E� 

 ��$� � 4%���  �O �� ��%	 ����6�S%	 %*ji�	 ��!��	%"�E 
 �4�R�	��!  �� e;�[ �HS�U� 4�%� 5�R�� �?� �� �O�� 

  5�R�� �r?���%� �4�V�� 4�".   
  �=�O XR� ��"�	 �� �Q%�  � �V$� ��%�� ��?DE
�$H� ��V; ���" ���� ��4  � ��!�} ��"  s%JK ��

 W�,6�� ���� � �	%� c�V	�� l!�" +PQ �4 G?�
 ���;%JK e��4�" ) 
�6Q2(W �" ��%\ ��  e��*��E ��
�� XR� G?� G?] �� �����4 � :�;� +PQ �4 ��%	  ��!

���*�� �4 #�4�� � ��	%"�E���4 ��! ���, �4�V��4%�*. 
�%I$� G?� ����W 4��6�Y �R�	×�=�O  e�S4 �� �Q%�

G���4 ��"�	 �;%JK ��?DE �$H� � �V$���4W �� 6*�%	 
��"�	 8�$�� 6��� ) 
�6Q3(. R� _�J� �? �6��� X

 ���4%� ���4 ��"�	 �$H� � +8m� ��%�� ��?DE  ���� ��4
�$H� � �V$� � �*�4 4�7��� +V;  �	 ��� ���� ��4

6���, �� e��" 4��, ���R �r?� �Q%	 4�%� 6*�%	. ��  ��%	
 +��4 ��I�*� �� e;�[ b��* �4 �"�O ��%�� �� G?]  ��!

���� �	 #�4�� %8R e��R 4�7��� �� #� �S+>�? +4 .  
  ��"�	 ���g� �� �Q%	 ��  �R�	 W�;%JK ��?DE

4��6�Y×��"�	 �4%� ���4 �� �6���  �;%JK ��?DE
�$H� � +8m� ��"�	 � �*�4 4�7��� +V; ���� ��4  ��?DE

�$H� � �V$� �;%JK 6�� �	 ��� +V; �4 ���� ��4�, 
�	%� c�V	�� � e��" )Q6 
�3(W  ��7�������4 G?] ��  ��!
 � ��	%"�E W#�4�� ��e��R 4�7���  
%8R4%Q� 4��4 . �� �7?

XP�  G?�	�,r?� ��!  ��"�	 �6� 4�? ��7��T�M�*�  �
:�;� G?] V; #�� �� ��$� ��!� ��6� �"k � � �%\

 ���f�!+�.  
���*� �� �6��� XR� W�.?4 ���8� ��
 �*�4 4�7��� e��*��E�  
���*� �� 4��6�Y XR� � ��4��

*��Ee�� �!�	%"�E +V; �� b��* �� *�%	$ �� �,r?� G?� 6
4��6�Y ��"�	 ����× �6���X!��> ?��*$6.  

  ��"�	 ���g� G�� �4  W���� 4�%� ���;%JK ��?DE
�$H� � +8m� ��"�	 �4%� ��4  ��?DE ��%�� ��� +V;

 �Q%	 e��R �$�[ XR� �4 �*�4 6;4%��" ��%\ �� W 
��  �� ��%	4��6�Y ��"�	×W�$�[ �� �� �Q%	  �4%� ���4

��"�	 �$H� � +8m� �;%JK ��?DE  ��4 �O +PQ�4
 �� �����4G?]  ]�� �*�4 6; ��� �� ��! �4�V��4�" 

) 
�6Q3(. ����"�	 ��! 4��6�Y× W5��\ ���!�
4��6�Y×ZS�; � ��]�× �?��e�S4 ��  �4%� ���4

��"�	 �$H� � +8m� W]�� �;%JK ��?DE  +V; ���� ��4
6H	 ��%K 4� W�	%� �4��  ��%	6�S%	 G?] ��!  �=$E 4�6H	 ��

+��4 ��I�*� �� ]�� ����� . �4%� ���4 e�S4 �� c%v%� G?�
��"�	 �$H� � +8m� ��%�� ��?DE ��4  W4��6�Y 5�R��
���!�  �?�� � ��]� W5��\4%� .�=*O ���?  4%Q� �"
��"�	 �$H� ��%�� ��?DE  ���g� +��!� �� �"�[ ��4

>�&?�fN�j � \%��� ��!N ��N+�� WNM�*� ��7NG?] T�  ��!
�E  [ b��* �4 �=$E���"�	 G?� �� e; �!  �� �4�V�� ��

C�� ��=� ��! _S�� � �� _	  ��D�4��4 4%Q�. �$! 4�r* 
)Honarnejad, 1996(  C��f,4�"  4%Q� �"

��"�	 �$H� � +8m� ��%�� ��?DE  ��4 �=$E 4�6H	 �4
* 4��6�Y ��?����� ��& �� ��?��� G?� �" 6!4  �7? 6*�%	

 b��* �� ��&�� �=$E +V; 
���*� ���� ��$� G?6S�� ��
6��� . ��&?� G�${�!+��4 ��P}� ��"�	 4%Q� �"  ��?DE

�$H� � �V$� ��?��� ���� ��4  � �fK ��!IR28  �� �����4
G?] ��?��� G?� b��* G�� �4 �� ��	%"�E ��! ��7�� �!  �?DE
�� ��4 .�S�[ �4�" �� �4�V��  �� �$�[ � �����4 5�R��

��"�	 �$H� � +8m� ��?DE ��4W ~���  �4 �	%� c�V	�� l?�f>�
 b��*�� 4%� .  

�=*O ��?� C�� �4 �"  W�[�;� t��M� ��!
 �I* 4�%� XP� +V; 6$o ���f�! :�;� � T�M�*�+� W

��"�	 T�M�*� �?�! �4 4%Q� +����R G?� �P*O b��* �4 �" ���
 �Q%	 4�%� ��&�� W6���6$��!.  '?��* <8\+4 ��  W�6�O

4��6�Y �R�	×G�[ �?�� �4%� ���4 �� ��"�	  ��?DE
+8m� �;%JK �$H� �  4�7��� +V; � :�;� ���� ��4

W�*�4 ��%K 4�6H	  �	%� �4 � �*�4 6; ��� ��R�	��! 
4��6�Y×ZS�; W�6���×4��6�Y � ��]�× ���4 �� �?��

4%���"�	 � ��?DE �$H� � +8m� �;%JK  ���� ��4
G?] �� �����4 ��!  ��$� 
%J���E � ��	%"�E W#�4��

�!N6$� .Q%	 �� WG�${�!N�� '?��* �� � 4N+ �ON �� �6
��"�	 4��O�� 5�R�� ��?DE  n%��� ��V; ���� ���� 4�%�  
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LM&� W�*�4 +�V�" �� �R�	 ��Po �" �6�   ���� ��K�

 :�;� �V�" ��V;f�*  ��$�W6*4%�  ��s%JK  b��* �4
�R�	 �� e;�[ 4��6�Y×G�[ �?���� W G?] ��%	 �!�? 

��$� ���?  T�M�*� �4�"  �� ���� �"�4%� ���4  4�7���
�*�4 ]����%K 4�6H	 W ��&�� �	%� �4 6; ��� �  �� W]�� �*�4

� X! f�* 6$�� �*�4 
%\ � ��$� e?68	 ���6*�� � �%\
6$��� ��4�%K�� ���f�! .  

 #�� �� T�M�*� � :�;���f�� ����[ �Q�4 � �%���O 
 �$�	]j q%�� �6� W XS� '*�� ��f�� � e?68	 ���6*��

 � ]����&�� 
%\  �" 6$��! �	��;%JK �.?4 �� �*�4
�� *�%	 ��$" �4 6$ ]�� 4�7��� � �!�	%"�E W��4�� ��V;

4��6�Y ��"�	 �4× � 6*��, ���R �Q%	 4�%� �6���
G?] T�M�*�  ��V; G?� ���f�! l$?f, #�� �� �! 5�=*�

4%� .����[ �Q�4 � �%���O ��f�� G�${�!  �$�	]j  �6�
ZS�; �R�	 �4 q%��×*� � ��]��G?] ���f�! T�M  �!
e?68	 ���6*�� #�� ��  � XS� '*�� ��f�� � 
%\�*�4  ��!
4��6�Y �R�	 �4 6$��× W��4�� ��V; �� �Q%	 �� �?��

�!�	%"�E 4�?DE ��%; ]�� 4�7��� � ) 
�6Q3(.   
    �E � +�8S�� h*�?��� XP �4%� ]�� �� �Q%	 ���? �4%� G

+g���  �	�V; ��?DE6$*�� ��%K 4�6H	 W�*�4 4�7���  �4
�	%�6�� ���� W�, ���6*�� W�6� �$�	]j ����[ �Q�4 W

 '*�� ��f�� � e?68	XS�W ��7�� ��$��?  T�M�*� �
G?]  ��!6Q�� e�* �4 ���;%JK G?�  _�7V	 
�[ �4 ��!

 X" �����+� ) 
�6Q4(.  �4 G?����$��R�	 ��!  ��$�

���� C�� W��V; G?� :�;�  6�S%	 � 6?�8�! �D� 6�S%	 ��!
G?] �E�! e��4 ��!%�? 4�P$&�E 6�� 6*%�. �S� ��R  � �%E

����7�!)Allahgholipour and et al, 2005(  C��f,
4�"6* �.?4 ���8� �� �? �&?�f>� h*�?��� XP �"W  ��f��

+g��� 6; ��� +V; �4 �;%JK ��?DE �	%� c�V	�� � �*�4W 
 +8m� � ]���" 4%�  G?� �]�� 
���*� +����R �6$!4 ��&*

e�* �� ��V; ��!  �6H�+�. �P*O  5��� G�${�!4�"6* 
 �	�V; ���� �&?�f>� h*�?��� XP �"6$*��  W�*�4 4�7���

��%K 4�6H	 �	%� �4 �	 ��� W��%K �4 �*�4 4�6H	 W50  6;�4
�*�4 
%\ � �!6�,W  �V; 6[ �4 � f�o�*�  h*�?��� XP

 �Q%	 e��R �P*O +�8S��4%�. �S� ��R  � �%E ��� 
Allahgholipour and Ali, 2006)(  �g� 4��O�� �HS�U� ��

�j ��"�	 � �!  �?f=	 <?�\ �� t��M� ��V; ��?DE
G?]× C��f, ���	4�"�E e�S4 �� �" 6*�? XP �4%� G

�4%� ]�� � �&?�f>� ���g� �g� XP�� �j +�8S��  ��!
 +�8S�� �Q�4 �4%� ]�� � �*�4 4�7��� +V; �6$$" 
��$"

 �� �P$	 4�7��� l?�f>� W�O 6?�8�! �D� 6�S%	 <?�\
��7��  �?DE�4%�  ���"�	 ��!  �6?�8�!

IR60966R×IR68281A WIR60819R×IR58025A  �
IR42686R×IR68281A  4�P$&�E ��4�"6*. e���� �4W 

G?] :�;� ����  � ]�� �*�4 6; ��� W6$�� �*�4 
%\ �� ��!
��	%"�EW f�� �4%� ���4 � �&?�f>� ���g� �4%� ]�� e�S4 �� ��
+g��� 
%8R e��R �;%JK ��?DEW C��  �[�;� ��!
��=� _S�� � �� _	  4�P$&�E ��D��� 6*%�.  
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Table 1. A

nalysis of variance of yield, yield com
ponents and grain quality characters based on Line× Tester analysis in rice varieties 

 
����� ������

M
ean Square
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   Source of 
variations

 
  

 ����
�����

  df
  

���� ���!"#
 G

rain 
yield

  

�$�% �����
 Panicle 
num
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���� �& '�(
 100-grain

 
 w
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���� )*���
 

Plant 
height

  

+,��-� � �(�
 

D
ays to 

m
aturity

  

��!��� ���.�
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m
ylose 

content
  

'�$ +	��/0 ���
 G

elatinization 
tem

perature
  

1
�2� '�����
 Total rice 
recovery

  

'�3��
 

 4���
56-
H

ead rice 
recovery

  

���� ��7
 G

rain 
length

  

R
eplication���7	

3 
0.32

ns 
2.32

ns
0.001

ns
12.7

ns
0.04

ns
0.03

ns
0.07

**
0.01

ns
0.45

ns
0.001

ns 

Treatm
ent����	

25 
4.59

** 
200.32

**
0.21

**
1557.18

**
125.44

** 
8.98

**
3.07

**
49.99

**
94.53

**
0.59

** 

Parents G?6S��
9 

20.29
**

30.11
**

0.19
**

2921.02
**

22.98
** 

16.79
**

5.12
**

45.25
**

49.53
**

0.83
** 

�R�	 e���� �4 G?6S��
 -!� Parents vs 
crosses 

1 
20.13

** 
515.32

** 
0.75

** 
6165.71

** 
1124.40

** 
32.96

** 
13.09

** 
81.41

** 
171.10

** 
1.34

** 

C
rosses

�R�	
�!

15 
4.89

** 
281.44

**
0.18

**
431.64

**
120.32

** 
2.69

**
1.17

**
50.74

**
116.43

**
0.39

** 

Line G?]
7 

7.72
** 

141.33
**

0.32
**

743.37
**

48.81
** 

3.59
**

1.53
**

38.13
**

124.52
**

0.71
** 

Tester ���	
1 

1.27
** 

1875.00
**

0.10
**

133.33
**

910.02
** 

6.68
**

0.01
ns

243.68
**

13.11
**

0.52
** 

Line×Tester 
���	×G?] 

7 
2.57

** 
193.91

**
0.05

**
162.52

**
79.02

** 
1.24

**
0.98

**
35.79

**
113.10

**
0.058

** 

Error ��UK
�O

l
?��

 
50 

0.12 
3.89 

0.002 
6.21 

0.03 
0.008 

0.007 
0.004 

0.33 
0.0002 

ns and **: N
on- significant and significant at 1 %

 probability level, respectively.                                                                                    
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Table 2. G
eneral com

bining ability of lines and testers for yield, yield com
ponents and grain quality traits in rice varieties
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���� ���!"#
  

G
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G?6S��
  Parents

 G?]
Line

  
0.175

**
3.482

**
 

2.051
**

 
-0.313

**
 

-0.423
**

0.229
**

5.958
**

-0.187
**

2.583
**

-1.579
** 

����!
H

ashem
i

 
0.077

**
 

6.477
**

 
1.178

**
 

-0.112
**

 
0.127

ns
  

-2.371
**

-6.375
**

-0.054
**

-7.417
**

-0.162
ns 

 �Q%� �=�O
A

bjiboji
  

-0.167
**

 
-0.428

**
 

2.254
**

 
-0.096

**
 

1.360
**

  
-3.771

**
14.292

**
0.096

**
-3.083

**
0.571

** 
 �6���
M

oham
m

ad
  

-0.198
**

 
-5.649

**
 

-2.569
**
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**
 

0.310
**

  
0.729

**
6.458

**
0.229

**
-4.083

**
-0.479

** 
 �$�[

H
assani

  
0.442

**
 

-5.028
**

 
-5.017

**
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**

 
0.694

*
  

-1.604
**

3.625
**

0.146
**

4.417
**

-0.379
* 

 ���!�
����\

A
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itarom
  

-0.398
**

 
1.942

**
 

0.704
**

 
0.554

**
-0.456

**
  

5.729
**
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**

-0.431
**

-2.417
**

1.021
** 

G�[
 �?��
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**
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**
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*
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*
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**

  
1.229

**
0.125

ns
-0.037

*
5.917

**
-1.029

** 
 ��]�

Salari
  

-0.394
**

 
4.152

**
 

1.227
**

 
-0.346

**
-0.923

**
  

-0.370
**

-1.041
ns

0.128
**

4.083
**

1.926
** 

 �?��
G

harib
  

0.006
 

0.235
 

0.026
 

0.034
 

0.037
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1.017
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0.141 
�6*��� ��8���
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**

 
0.523

ns
 

2.253
**

 
-0.013

ns
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*
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**
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ns
0.046

ns
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-0.162

ns 
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-0.104
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**
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ns
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*
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**
-1.667

ns
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ns
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**
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ns 
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0.117
 

0.013
 

0.017
 

0.018
  

0.035
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0.071 
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SE
  ns, * and **: N

on- significant and significant at 5 and 1 %
 probability levels, respectively.                                                   
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Table 3. Specific com
bining ability of different crosses for yield, yield com

ponents and grain quality traits in rice varieties
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Table 4. G
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ponents of variance, degree of dom
inance and narrow

 sense heritability of studied traits in rice varieties
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Abstract 

To determine the general and specific combining ability and identification of suitable combination 
for yield, yield components and grain quality characters, two improved (Saleh and Sepidrood) and 
eight traditional rice varieties (Hashemi, Abjiboji, Mohammadi, Hassani, Ahlamitarom, 
Hassansaraiee, Salari and Gharib) were selected as testers and lines, respectively. Ten parental lines 
were crossed in a Line×Tester crossing system in 2004. Sixteen F1 hybrids and their 10 parents were 
evaluated in a Randomized Complete Blocks Design (RCBD) with three replications for yield, yield 
components and grain quality traits. Results of variance analysis showed that crossing effect had 
significant differences for all characters in 1% probability level. It means, there is a good segregation 
between all genotypes based on the all traits. The effect of general combining ability (GCA) was 
significant for the panicle number, days to maturity, amylose content, grain length and total rice 
recovery in two testers. The effect of specific combining ability (SCA) was positive and significant for 
grain yield, panicle number and 100- grain weight in Sepidrood×Hassansaraiee combination. The 
results revealed that three combinations such as Sepidrood×Mohammadi, Saleh×Salari and 
Sepidrood×Gharib are suitable combinations for improving earliness maturity, dwarfing and high 
yielding rice varieties with good grain quality in rice breeding program, especially, the 
Sepidrood×Mohammadi combination is best one for these characters.
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