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0�B3  

 ���GGE ���  ������ �� ������  ��� !"#$	 � %�&'	 ���� ()�*+,-��� %��.�� ��/0�) %1 �)� ���� . 3�� ��

4"5$	6  ��� ��GGE ���  ��� �78�)�*9("1�	 ����� :;�,"+�  ���� <"	��/��=>����� �=,*?@A �%-�  �� B-�� C�/-

�D�	 �� !E�F��� ���  !+�1 !GH8×8 ,9  ��K/)� .�D�	 ��  6�-�L#�� 3�,G�� 6M"5/@+ ���RI1843046 6IR50  �

RI184421 ("1�	 N�O*P %�  ,-O9 ,-,9 ���)�*9 �=,*?@A �Q1�,F �KE ���� �+OLP ���6  ��G�F� �D�	 �� %1  ���

R5� 6SO�T+  ,G��RI184421 ("1�	 3��/7� �O� �KE 3�� ���� �+OLP  ,-O9 . 3�,G��RI1843046  �RI184421  ����

 3�,G�� � �U/;����� �KEBC4V��. � �-�L#�� 6  �KE ���� �#$+�=,*?@A ("1�	 N�O*P %� ���7-  ,-O9  WO0 �+OLP ���

 �� C�/-�D�	  M"5/@+ ����O�,-6 �D�	 �� �+�  ,G�� 6SO�T+ ���RI1843046 ("1�	 �7*	   ,-O9 �+OLP ���� WO03��  ��

�KE �O� . �����KE X�  ����=,*?@A &"-  %A�=�%�  ("	�	 3�,G��BC4  �RI184421 ("1�	 3��/7�  �� �+OLP  ,-O9

 C�/-�D�	 ,-�O� SO�T+ � M"5/@+ ���6  �+� ����6�KE 3�� ("1�	 �-�L#�� ,G�� 9�� �� ��O0 �+OLP  ,-O  ��C�/-  ��= �O� .

 %1 ��� N�Y- 4"5$	 3�� B��/-�D�	 ��� RI1843046 × RI184472 6 �-�L#��RI184472 ×  �IR50  ×�-�L#��  ����

�=,*?@A �Q1�,F �KE 6 3�Z23 RI1843046 × 6 �-�L#��RI184472 × � V��.  �#$+RI184472 ×  �����KE 

�U/;�����6 RI1843046 × RI184472  �RI184421 × IR50  �����KE  ���7- �=,*?@A �BC4 × RI1843046  �

 3�Z23  ×�-�L#��  ���� �KEX� �=,*?@A ��� %� N�O*P 3��/7�("1�	 ,-O9��� ,-�O� �EO\0 .("1�	 ,-O9 ���

()�*+ �"TL8 <� !"�Y	 �78 WO0 �+OLP ("1�	 � ,-O9 WO0 �EO\0 ���%�("1�	 N�O*P ����<"	��/ ()�*+ 

C�/- ,"GO	 �78 �=>�� ����� WO#]+ �=,*?@A ����+ ��7*Y"�,-O9.   
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4<0�<  

�)�  � ()�*+ ���#LP �� B-�� ,�,8 V�D�� %� ����

� �"K"1 M7+ e�,�� �� ��� WO#]+ �;%� ���>-  N���� ��

�+ ��L9 %� ,�H .%�� ��  ���#LP ,*-�+ �	�KE 6%/9�= ���

f"	 6%-��   �/Y"� �=,"��O0 � g��+� %� �+��5+ � %	O�

 %8O	 ��O+%� N��=��>-  S�)� 3�� �� %1 �)�  �O� B-��

 6�&0 ,*-�+ �+�D�� 6���,"h) �� ��O= � <��� 6S���1

"= N�/)� �� ����"9 � 4K9 6�'� 6�LT- 6�,- V�D�� � N�

 ,9 ���T+ N��,-��+ N�/)� ,-� ._�E� V�D��  6�O1�+  ,9

�#P %'*� Mc�  � �)�� ���L"� %� �?@- �+��5+ � Z�� �-�

 �� ���D� �� �K"1 ��"EO\0 iTj !"G� %� 6Z�� ���#LP

%/9�,- �-�,*A 4"�O	 �+O� V�D��  �� M1 a�?5/)� �� � ,-�

�a��- �L"D %� � %8�O+ �����+ ���,��0 ��	 ,-O96 �� 

�G�F  %� �")�@F 63"k�� ���#LP �O8� �� �#$+ V�D�� %1

���L"� 6���H  �;� �"K"1 3/9�� !"G� %� 6�=,"��O0 � ��

 �,*@������ � lO?]+ MT. � �]P � WO#]+ m��O0 �

 �j��� �� ����� n]) 6WO0��"@����&"G�9  %� �� N����

\/0� �O0�+ o�  ,*��)Allahgholipour et al., 

2012 .( 3�����*��j�F a�F ���)�� �Or*+ %� 6  %� ��O=

 V�D�� %� �)�/)� 6N�����Y1 %/)�O0 � ��"- � S����

 aO\$+��%��Y+ �K"1  M7+ e�,�� �� �#$+ V�D�� ��

�+ ��L9 %� B-�� �� �F�E� ,�H .  

s0�9 �O8�  6�"K"1 ������� �78 ���K/+ ���

��)e�\+ lO*/+ 4  R"$+ �"t�	 �$	 � �=,"u"� 6 ,**1

 ������� ���� ()�*+ ��-��+� � ��&�� �O?- 6�KE N�O�

M7+ %L� �� � %-�� �"K"1 �� R?	�+ ��"EO\0 4"D� �	

 !+�OP �� %-�� �"K"1 � ���#LP 3"� �K*+ v�?	�� �O8�

�)� �78 �� �"5�O+ V,P �  ,**1��,$+  V�D�� %� ����

 �K"1 aO\$+�� W�@F %� ()�*+ ,9�  ��� aO. ��

�+ ,�H )Rabiei et al., 2004; Allahgholipour et 

al., 2010.( %-�� �;� �"K"1 �)��� ���� ��  V�D��

 !+�9  ,**1 3""T	 � �)�)� �O/1�� %) 6B-�� i#/;+

�*"	Zw ��+� 6�O#"+H N�&"+  aw V�OD � ��?t N�&"+ � N,9

�+ ���D %8O	 ��O++�D�� � ,-�"= �� �])O/+ %*+�� %1 �

 �� V�D�� N�O*P %� 6,*9�� %/9�� �� �"EO\0 %) ��

�+ ���T+ WO#]+ �;� �"K"1,-O9 )Mo et al., 

1993( . 6N���� ��V�D�� _�E�  ,9 �	 %1 ��  NO*1 ���T+

 ,9 �#$+ V�D�� %��Y+ �"EO\0 %) 3�� �r- �� ,-�

,*/@�3"��� ��"@� �7-H �;� �"K"1 �+� 6D�� �� �	 �#$+ V�

�)� .  ,�� &"- �#$+ V�D�� N�"+ �� lOjO+ 3�� �/F

�+ %� 6�O93@F 6�L9�� !Q+ �+�D�� %1 ��O.  6����)

 %*+�� N�O� %��Y+ �O8� ��  �"@+� � V�*"� 6��Z�) 6(��c

 x�+�1 �;� �"K"1 �r- �� 6�;�  ,**1 3""T	 ����O/1��

,*/@� ���K/+ . �r- �� �#$+ V�D�� (#c� %�*�� (G�8

 e�/0� �U�,�� �� %-�� �� �O8O+ 3"b	��� N�&"+ %*+��

 �;� �"K"1 �r- �� �7-H ���K	 �� �#"G� %1 ,-��,- �-�,*A

 ,9��)Allahgholipour et al., 2012( . 3�����*�

�L- ���7*	 %� �O1�+ ����/+���� N�Y- ,*-�O	   ,*��

�;� �"K"1 �� ,*9�� B-�� i#/;+ V�D�� .  

���&= �Y- i#/;+ ����+ N V�D�� �� ���"@� %1 ,��

 6,*/@� �7��Y+ �O#"+H N�&"+ ����� %1 B-���=>����� 

%-�� �=,*?@A ����/+���� �r- �� �	��K/+  %/)�Y- ���

,-��� .3�����*�6  %1 �)�  ,9 ��7*Y"��=>����� 

�+ &"- %/)�Y- �=,*?@A  �;� �"K"1 3""T	 �� ,*-�O	

 ,*9�� �ty+ B-��)Juliano, 1990; Shu et al., 1998( .

�=>����� %-�� �=,*?@A  ��  ��K/)� �� %/)�Y- ���

 �&�Z�-H O�@�� ,"��  �U/)�)Rapid Visco Analyser (

 ��,-� �+ ��"=  ,-O9)AACC, 1995 ( �� �L7+ :5- �

 B-�� �;� �"K"1 �U-OUA � m��O0 �"K"1 3""T	 ��

�+ ����  ,**1)Wang et al., 2007 ( <� N�O*P %� �

���� V�D�� �� M7+ %�O-�t e�/0 %��Y+ �O#"+H N�&"+ ��

�+ �5#	 O9 ,-)Shu, 1996 .( 6�#1 �O. %��=>����� 

 �=,*?@A �Q1�,F !+�9 �=,*?@A �� R?	�+ � M7+

)Peak Viscosity( �U/;����� 6)Breakdown 

Viscosity( ���7- �=,*?@A 6)Final Viscosity ( �

X�  �=,*?@A ���)Setback Viscosity ( %1 �)�

i"EO	 �*"	Zw ����F %8�� �*$*+  ,**1  N�+� �� N,9

%/;�  N,9,*/@� )Bergman et al., 2004 ( %]��� �

 ,-��� V�D�� m��O0 � �;� �"K"1 �� ����&-)Wu et al., 

2001a, b .(  

�)� 3/��� %� V�D�� B-�� �� ���#LP Z�� �"K"1 � 

�;� WO#]+��"/-w lO*	 �O8� V&#/@+ 6 �1 � ������� 6��

�D�	 V�'-� 6()�*+ 3�,G�� W�;/-�  %"7	 6,*L�,� ���

�"TL8 6()�*+ �F�E� ��� 3""T	 !LP lO- Nw ��� 

a�/*1  ,**1 ��� 3""T	 � ��KE R?	�+ �F�E� ��� �� 

�7-H �)� )Chen and Zhu, 2002.( ,9 s;Y+ �)�   

1 %("1�	 3""T	  �"L�� �� ���"= z+�O8 �� �����

 >��  ��%� 6�)� ����O0��  4"D� %TG�]+ %�-H  >��

("1�	 �+ �����  W�;/-� �� ,-�O	 � 3�,G����� ��� 

3�Z �F�E� ,"K+ �,��?"� ��?"1�	 �� �� �O9 zD�� .
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 s;Y+��1("1�	 N 3�Z �����  :;� 3""T	 � ��

 6��KE a�/*1 �� ��"/-w X-����� �Y��&���"c � �Y��&��

M"L\	 S�)� O$- ��O+ �� ��"= ��  ��K/)�  

V�w M)�� �)� �O8O+ ��� )Hallauer 1990; Aminu 

and Izge, 2013; Abdel-Moneam et al., 2014.( 

_�E� {ZOLT+ ("1�	 ���H�� ���� 6��?- N��= ����� �� 6

 ��= � ()�*+ 3�,G�� ���)�*9  ��?"1�	 6<"	��/� ���

 3""T	 � :;�,"+� <"	��/��t���  ����� �Nw !LP  ���

*1a�/  �� N���"= �� i#/;+ ��"EO\0  ,**1%�&'	 ���

 ,*-�+ ��"/-w�D�	 ��� ��� �+  ��K/)� !GH ,**1 . !"#$	

��� %�&'	 �� !E�F B��/- v�?*/)� �  ��  ��K/)� �� !GH

  ,"u"� ��"@� ���OL- �� 3/��= <L1 N�,� |*"K��= ���

 !�Y+ ��)� )Dehghani et al., 2012(.  � N�� {��"0�

�-�� )Yan and Hunt, 2002 (�=>�� ��  ��K/)� ��  ���

��� ���OL- %KGO+ %� %�&'	  �"}/+,*A ��� � ���  ���

�#E�6  3�O- ���GGE ���  � %�&'	 ���� �� ��� !"#$	

 ��� ��� ��� �1 ���T+ !GH,-� . 3����� � !"#$	 ���-�O	 6

 n��Y	 � ���H�� �Or*+ %� �h"	O*� X-����� %�&'	

("1�	 �����  :��L- S�)� ��  �� 3�,G�� 3"� v�?	�� � ��

 ��"���=%T)O	 �)�  ��� .��� ��� %A�=�  ���� ���

:��+�H %"F�- ���  ,9 �F��. �� �)� )Cooper et al., 

1997; Yan et al., 2000; Yan et al., 2001( �+� 6

 ��� %L� ���� NH �����1 N��+�  ��/0�) %1 %��. �� ���

f"	O-w - � �/@	 ��� %#L8 �� 6,-�� ��� :��+�H ���  %1 !GH

 ��/-� M� ,G�� �� NH ��)Entry ( �/@	 <� M� �

�+  �)� M���� 6,9��)Yan and Hunt, 2002 .(  

���&=  ��� �����1 �� �*?+ ��,T/+ ���GGE 

���  ��� %�&'	 ���� ��� ��� ���  ���K/+ N���"= �� !GH

N�O*P %� M� ,G�� �� �� %1 ���� �O8�  %� M� � f"	O-w

("1�	 �)��� �78 �/@	 N�O*P  � �+OLP �����

 �)�  ,9  ��K/)� �EO\0 )Rastogi et al., 2011; 

Farshadfar et al., 2012; Sharifi, 2012 and 
2013 .( ���GGE ���  ��� %� �?@- N�� ���

��� <")�1  V�O	 ���H�� !"G� %� !GH��tH ("1�	  �����

"TL8 �EO\0 � �+OLP�D�	 4"D� ���)�*9 � �  ���

�+  ��� n"8�	 <"	��/�  �O9)Bertoia et al., 2006 .(  

 ��� !"#$	 � %�&'	 e,� �� %TG�]+ 3�� ��� ���  �� !GH

 ��� ��  ��K/)�GGE ���  ���H�� �78 ���

("1�	 ("1�	 ���)�*9 � �EO\0 � �+OLP �������� 

 <"	��/� ()�*+ �����=>����� )�Y- �=,*?@A �� %/

�)�  ,9 V�'-� B-��.  

  

9�� � ,�< �(  

 �Y� !+�9 :��>� 3�� ��  ,9  ��K/)� ���"= ��O+

 �-�L#�� MD�)A(V��. 6  �#$+)B( 6RI1843046 

) �L9�� ×nG�E) (C( 3�Z 623 )IR75479-199-3-3 (

)D( 6 IR50)E( 6RI184421  )3@F  ���) � ×���,"h) (

)F( 6RI184472 ) (��c ×���,"h)) (G(  !E�F 3�Z �

 �/Y=�� �D�	 ��]�'�H  �8O� ×)�'�H �8O� ×nG�E([ 

)H ( C�/-  ��L� %�)56   �5�F1 (�D�	 �� !E�F ���  !GH

NH !+�1  �O� �� %1mO#� _�. (G�D ��  ����\	 !+�1 ���

 B-�� ��5"5$	 %@)O+ �Y��>� %P�&+ �� ����	 %) ��

 a�) �� �OY11392  ��"EO\0 � ,-,9 �Y1

�=,*?@A  �=,*?@A �Q1�,F !+�9 %/)�Y-)Peak 

Viscosity( �U/;����� 6)Breakdown Viscosity( 6

 ���7- �=,*?@A)Final Viscosity (X� �  ���

 �=,*?@A)Setback Viscosity (  �U/)� ��  ��K/)� ��

 �&�Z�-H O�@�� ,"��  )RVA-3D model, Newport 

Scientific, Syney, Australia (�D �)��� ��O+ ��

 ,*/��=)AACC, 1995 .( B��/- !E�F �*�,G�� V�D��

%G� ��TG�]+ �#D  N����L� � �O�)Allahgholipour et al., 

2014 ( %/)O"�  ��O��+&�� ����U-�Y- ��  ��K/)� �� %1 �O�

 3"� �� �;� �"K"1 ��94  W�;/-� B-�� i#/;+ f"	O-w

9,-, . ��� %�&'	 ���� ��� ���  %�&'	 ��� �� !GH

�=� �-��+ NO")GGE ���  ���)Yan et al., 2001 ~

Yan and Kang, 2003 (V�- ��  ��K/)� ��  ��&��

GGEbiplot ver 3.8 ,9  ��K/)� .��  ���GGE 

���  ��� �� %]���)1(  ��K*+ ����5+ %� %�&'	 S�)� ��

)Singular value decomposition (  ��K/)�,9:   

)1                           (∑ +=−− ijljillJij εηξλβµY  

 6%]��� 3�� ��Y ij  f"	O-w 3"U-�"+i  R"$+ ��j 6µ 

  6!1 3"U-�"+βj  R"$+ �#E� �t�j 6λl  ���� ��K*+ ����5+

�#E� %KGO+ i )PCi, l=1,2 ��� ���� � �,T� �� ���( 6

ηlj  R"$+  >�� �����j  ����PCl  �εij  a,+  ,-�L"D��

�)� .S�"5+ ����  N��5/+ �,*�)Symmetrical 

scaling (f"	O-w  >�� ��������  ���/@	 � ��%� ("	�	 ��

 R����)2(  �)3 (,9  ��K/)� :  
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ηjl
* = λl

½ ηjl = ηjl λl
½ )3                                     (  

 V�� %Y�� ����� �#E� %KGO+ <� ���� ��K*+ ��,5+

�)� �#E� %KGO+ NH R)O	  ,9 %"8O	 ��T��+ lOL'+ .

��*� �#E� %KGO+ ���� ��K*+ ����5+ V�� %Y�� 3���lk �� V�

%� ��� %]��� S�)� ,+H �)�: 

λl
½ = (xl n) ¼                                                                        )4(  

 6%]��� 3�� ��xl   ��,5+ �#E� %KGO+ ���� ��K*+l � V�

n �)� f"	O-w ��,T	 .S�"5+ �� X� �,*�  N��5/+

f"	O-w  >�� �������� R"$+ � ��  ���� ��"- ��O+ ����5+ 6��

��� ������OL- M)� �+ !E�F ���  �O9)Yan and 

Kang, 2003 .( �����OL- ���  3""T	 ���� ���

("1�	 �+OLP �����  3��/7� � �/@	 3��/7� 6�EO\0 �

,9  ��K/)� ��,��?"� . �O$+ �� f"	O-w �� �5�� %#E��

��\/;+  R)O/+ �/@	)Average Tester 

Coordinate ( ��,5+ �U-�"� �5�� �O$+ �78 �� M� NH �

("1�	 �?Q+ �)� �+OLP ����� .("1�	  � �+OLP �����

f"	O-w �EO\0  ���/@	 3"U-�"+ �"TDO+ ��  ��K/)� �� ��

 3""T	,9 . %� �]0 ��\/;+ �,?+ �� �Or*+ 3�,�

+��� e�. �� %� � !E� ���/@	 3"U-�"+ %����  �	

 ��O�� ,*1 z]D �� ���OL- ���.  ��\/;+ N�L� R0 3��

�)� R)O/+ �/@	 .f"	O-w  � �?Q+ ��7/-� �� %1 ����

 R0 3�� �K*+�+ ���D6,-�"= %�  ("	�	 � 3��/Y"� �����

("1�	 3��/L1  �+OLP �����,*/@� )Yan and Kang, 

2003 .( ���) �� ("1�	 �� �/@	 3��/7� N�O*P %� ��/@	

f"	O-w �+ %/0�*9 ��  �&1�+  ���� %]5- &1�+ �� %1 �O9

,9�� R)O/+ �/@	.  ,�� �/@	 zD�� ��  %1 �)� �h"	O-w aH

 R)O/+ �/@	 ��\/;+ �5�� �O$+ �� �� %#E�� 3��/L1

 ,9�� �O$+ 3�� �78 �� � %/9��)Yan and Hunt, 

2002 .(��� ���OL- �T#j,*A :��L-  ��"@� ��� ���

� ���� �?)�*+�t� �"@K	 � ��OUG� �)��  3"� !��5/+

f"	O-w ��  ���/@	 ��)� . ���� �78�,*A ���OL- ��

 3"� �D�	 �� 3�L+ ���,��?"� 3��/7� s";Y	

f"	O-w   ��K/)� ���/@	 � ��,9 . 4��. �� �78�,*A 3��

f"	O-w N��1 !E� �+ !E�F ����  3��/Y"� %1 �O9

%� 6,-��� ��\/;+ �,?+ �� �� %#E�� ��O.  1 ���) %

f"	O-w �+ ���D �T#j,*A 3�� !0�� �� ,-�"= . vO]0

��� �,?+ �� %1 ��OLP  l�j� �� �OLP �  ,9 l��9 ���

��� �  �O� �78�,*A  �F�O- <"�K	 �Or*+ %� �� ���

�+ M"@5	 %"F�- ,*A %� f"	O-w �� s/;+1*,*  M")�	

�+  �O9)Yan and Hunt, 2002.(  
  

D�- � 6��+5  

!E�F B��/- �� X-����� %�&'	 �� �  ��� %� !GH

 ���� ���t a,+ �$	 a�� ��� ��  ��K/)� �� |*"K��=

 ��KE�=,*?@A  %1 ��� N�Y- %-��f"	O-w 3"� ���K	 ��

�*T+ ,E�� <� a�L/F� n]) �� �O� ��� .�*T+  N�O� ���

�D�	 � 3�,G�� NH �� !E�F ���  lO*	 �O8� �U-�"� ��

NH 3"� V�Z ��"/-w �+ ��  %�&'	 V�'-� ("	�	 3�,� � ,9��

��� N��+� %TG�]+ ��O+ ��KE ���� !GH  N��+� � ����

 %� ��"/-w X-����� <"�K	!+�9 NH ��&8� X-�����  ���

("1�	 OLP ����� M���� SO�T+ �t� � �EO\0 6�+9 ,

) a�,81 .(%G� �#D  N����L� � �O�)Allahgholipour et 

al., 2011 (("1�	 %TG�]+ �� �� �EO\0 � �+OLP ���

3�Z �� �=,*?@A ��"EO\0  ,��?"� B-�� �*�,G�� ���

�1 ���&=�D�	 �t� %1 ,-�  ���� �� 3�� ����� ��KE

�*T+ ��"@� e�/0� ,*/@� ����.  
  

 a�,81- ��� �D�	 �� B-�� %-�� �=,*?@A ��"EO\0  ��) X-����� %�&'	  !+�1 !GH8×8   
Table 1. Simple analysis of variance for paste viscosity properties of rice grain in a 8 × 8 full diallel crosses 

 

�""}	 z��*+�� 
Source of 
variation 

 

����H %8�� 
 

df 

��T��+ 3"U-�"+       Mean square 

�=,*?@A �Q1�,F  
Peak  

viscosity 

�U/;�����  
Breakdown 
viscosity 

���7- �=,*?@A  
Final viscosity 

X� �=,*?@A ���  
Setback  
viscosity 

����	  
Replication 

2 2.08ns 4.56ns 0.49 ns 0.22ns 

f"	O-w  
Genotype 

63 2295.31** 1044.24** 1235.94** 159.34** 

��]0 :��+�H  
Error 

126 6.06 5.84 3.90 6.14 

ns 6* � ** :%� �*T+�"c ("	�	 � ��� �*T+ ��� �� _O]) a�L/F� 5 % � 1 %                   . 
ns, * and ** :  Not-significant and significant at 5% and 1% probability levels, respectively. 
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��� %�&'	 �� !E�F B��/-  3"U-�"+ %?)�$+ ���� !GH

("1�	 ��T��+ ����� X-����� %1 ��� N�Y- ��  ���

 ("1�	 6�+OLP �����   SO�T+ �t� � �EO\0  ����

�=>����� �=,*?@A  ,E�� <� a�L/F� n]) ��

�*T+ �D�	 63�,G�� 3"� e�/0� �U-�"� %1 �O� ���  ���

�+ SO�T+ � M"5/@+ X-����� :5- � ,9��  6�Y��&�� ���

 ���O	 �� ����+ � �Y��&���"c ��KE 3���+ N�Y- �� ,�� .

�*T+  X-����� �?@- N�O� ���GCA  %�SCA  N�O� Z�� �

 �?@- ��"�)2MSGCA/(2MSGCA+MSSCA)(  �� ����

�U/;����� � �=,*?@A �Q1�,F �KE %1 ��� N�Y-  M7)

Nw �Y��&�� X-�����  ����"@�  �Y��&���"c X-����� �� �/Y"�

�G�F �� 6�O�  � ���7- �=,*?@A �KE �� ���� %1

X� �=,*?@A ���6  M7)��tH  �U�� �t� �� �� :"� ����+

 �O�) a�,82 .( � � Ob1 N����L)Kuo et al., 1997 (

("1�	  ������=>�����  ��� ��  ��K/)� �� �� �=,*?@A

��� �O+ %��. �� !GH�1 ���&= � ,-��� ���D ������� � ,-�

 %1 3�����/+���� ("1�	 ����������  �EO\0 � �+OLP

�*T+ ��� B-�� V�D�� ��  3�� a�/*1 �� �  �O��=>����  ��

?G�c � �Y��&�� �t� ��,-��� �G�0� �" .  

 

 a�,82- ��� C�/- X-����� %�&'	!GH  �����=>�����  �=,*?@A B-�� %-�� a,+ �� |*"K��= a�� ��� ��  ��K/)� �� ��tH���t 
Table 2. Analysis of variance of diallel progenies for paste viscosity properties of rice grain using Griffing’s first 

method with fixed effects 

�""}	 z��*+�� 
Source of variation 

 

����H %8�� 
df 

��T��+ 3"U-�"+       Mean square 

�=,*?@A �Q1�,F  
Peak 

viscosity 

�U/;����� 
Breakdown 
viscosity 

�=,*?@A ���7-  
Final 

viscosity 

X�  ���A�=,*?@  
Setback 
viscosity 

("1�	 �+OLP �����  
GCA 

7 8353.55 **  3345.92 ** 345.34 * 100.64 * 

("1�	 �EO\0 �����  

SCA 
28 978.20 ** 540.13 ** 946.53 ** 112.72 ** 

SO�T+ �t� 
Reciprocal effect 

28 974.67 ** 215.43 ** 964.82 ** 181.85 ** 

�Y��+�H  �?/9� 
Error 

126 2.02 1.95 1.30 2.05 

MSGCA/MSSCA  8.54 **  6.19 **  0.36 ns 0.89 ns 

2MSGCA/(2MSGCA+MSSCA)  0.94 0.93 0.42 0.64 
ns 6* � ** :%� �*T+�"c ("	�	 � ��� �*T+ ��� �� _O]) a�L/F� 5 % � 1 %                   . 

ns, * and ** :  Not-significant and significant at 5% and 1% probably levels, respectively. 
 

 ��� S�)� �� N�&"+ 3��/Y"� 6|*"K��=

("1�	  �=,*?@A �Q1�,F �KE ���� �+OLP �����

 3�Z %� vO��+RI184421 )87/21 ( vO��+ NH 3��/L1 �

 3�Z %�IR50 )19/19- (� ��OE �� %1 �O�% ��"=��1

NH �D�	 �� ��  3�Z �� !E�F C�/- 6��RI184421  ��

 3�Z � :��&�� �78IR50  �Q1�,F :��1 �78 ��

?@A�+ !LP �=,* *1* ,)  ,Y- %���� %.O��+ a�,8

�)� .( �/@	 ��\/;+ ��OLP �O$+ �	 f"	O-w %#E��

R)O/+ ) Average Tester Coordinate=ATC ( ��

��� ���  ���N�Y- ("1�	 �t�  ,*��  �+OLP �����

f"	O-w  �5�� �O$+ �� �OLP ���O+ vO]0 � ��ATC 

%?	� f"	O-w �,*� ("1�	 S�)� �� �� ��  �+OLP �����

�+ N�Y-  ,��)Yan and Hunt, 2002; Yan and 

Kang, 2003 .( ���OL- S�)� �� 63�����*�ATC  ����

f"	O-w ("	�	 6�=,*?@A �Q1�,F �KE  �r- �� ��

("1�	 �D�	 �� �+OLP �����  SO�T+ � M"5/@+ ���

%� ("	�	 %�  ��OEF>G>C>D=B>H>A>E  �

F>C>G>H=B>A>D>E �O� .�� �� �	 ���D6 

f"	O-w  ���RI184421  �IR50 %� ("	�	  � 3��/Y"�

("1�	 3��/L1  �r- 3�� �� � ,-�O� ���� �� �+OLP �����

� B��/- %��Y+%  �O� |*"K��= %�&'	 4��. ��  ,+H �)�

�)� . M7) N�O� Z�� !"G� %� ��� �� �� �� B��/- 4��]	

��� %�&'	 �� a�� �#E� %KGO+ �� �O� ��� .E�F B��/- �� !

��� %�&'	  �D�	 �� �=,*?@A �Q1�,F �KE ���� ���

 a�� �#E� %KGO+ �� %1 ��� N�Y- M"5/@+%� ("	�	 47  �

25  lOL'+ �� � ,E��72  �� !1 ���""}	 �� ,E��
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�+ n"jO	  �� a�� �#E� %KGO+ �� M7) %1 �	�OE �� 6,��

�D�	  SO�T+ ���%� ("	�	  �� �����56  �23 �O� ,E��. 

�	 ���D f"	O-w 6M"5/@+ ���  ���RI184421 (F) 6

IR184472 (G)  �RI1843046 (C)  �)�� �L) ��

("1�	 ����� �  ,9 zD�� ���OL-  �?Q+ �+OLP �����

f"	O-w � ,*/@�  �-�L#�� ���)A( 6IR50 (E) 3�Z 623 

)D(�#$+ V��. 6 (B) �/Y=�� �D�	 �� !E�F 3�Z �)h (

��OL- fA �L) �� N,9 zD�� ��("1�	 ����� �  �����

�+ �K*+ �+OLP  ,*9��) !�91  .(�G�F ��  �� %1

�D�	 f"	O-w 6SO�T+ ���  ���RI184472 (G) 6

RI184421 (F)  �RI1843046 (C)  3/��=���D !"G� %�

("1�	 ����� ���OL- �)�� �L) ��  �?Q+ �+OLP �����

 �-�L#�� V�D�� �)A(V��. 6  �#$+)B( 3�Z 623 )D( 3�Z 6

F �/Y=�� �D�	 �� !E�)H (� )E( IR50 ���D ��  3/��=

("1�	 ����� ���OL- fA �L) ��  �K*+ �+OLP �����

,*/@� ) !�91 .(� B��/-%�)�  %1 �)� NH �� �1�F  ,+H

f"	O-w ��  ��K/)� ��OE �� ("1�	 �� ���  �+OLP �����

�D�	 �� �K*+ � �?Q+  ��%� ("	�	  :��1 � :��&�� �P��

 �Q1�,F@A�+ �7-H �� !E�F C�/- �� �=,*?O9,- . ��

f"	O-w zD�� ("1�	 3��/Y"� ����� %1 ����  �+OLP �����

Nw ����� ,*/@� �?Q+ ��5	�� � �Y��&�� �t� �� ���   ,*��

 �� M7+ �F�E� �KE <� N�O*P %� �=,*?@A �Q1�,F

 B-��,*/@�.   

�D�	 3"� ��  N�&"+ 3��/L1 � 3��/Y"� 6M"5/@+ ���

1�	("  �=,*?@A �Q1�,F �KE ���� �EO\0 �����

%� ("	�	  �D�	 %� vO��+RI184472  × 3�Z23 

)90/20  ( 3�Z �23   × �-�L#��)54/20 - (�O� . 3"� ��

�D�	 �*T+ �K*+ � �?Q+ ����5+ &"- SO�T+ ���  � ���

�"c �*T+ �+  ,�� ��� �O9 . SO�T+ �t� 3��/L1 � 3��/Y"�

�*T+  ���� ��� 3��KE �%� ("	�	 �D�	 %� vO��+  IR50  ×

 �-�L#��)17/20 ( �IR50  ×RI184421 )56/42- ( �O�

)a�,8 �)�  ,Y- %���� %.O��+ .(���'-H ��  �t� %1

("1�	 ("1�	 � �+OLP �����  a�-O=O	��� �EO\0 �����

��� ���OL- �� 3�����*� 6,*/@�  �� f"	O-w �� %#E�� ���

O/+ �/@	 ��\/;+ �5�� �O$+("1�	 6R)  �����

�+ 3"L;	 �� f"	O-w NH �EO\0 ,-� . !��L	 s0�9 3��

f"	O-w �� �/7� ,��?"� ,"GO	 %� �� f"	O-w ��  � �U�� ���

��tH Nw �Y��&���"c �+ N�Y- �� ��  ,��)Yan and Hunt, 

2002 .(�D�	 �� 3�����*� ��/-� 6M"5/@+ ���  ���c 6a 6d 

 �b "	O-w � �5�� �O$+ �Z�� ��f  ���F 6E 6G  �H  ��

:���= �5�� �O$+ 3"��� �� 3/��= ���D  �� �	��K/+ ���

�+ N�Y- �� i#/;+ ����/@	 �� ("1�	 ,*�� . 3�� 3"� ��

f"	O-w ��/-� 6��  ���c  �f  ���D �,?+ �� ��	��� %#E�� ��

 ,"GO	 ���� ��/Y"� !��L	 ����� !"G� 3"L� %� � ,-���

 �/7� ,��?"�,*/@� .��/-� � ��g6 h6 b � d  N,9 zD�� ��

 �5�� �O$+ ����&- ��ATC 1�	 �����("  �����

!��D �EO\0 %rF�+ - ��"/@,* .�D�	 ��  6SO�T+ ���

��/-�  ���a6 g6 h6  c� b  �O$+ �Z�� �� N,9 zD�� ��

("1�	 ����� �5�� ��/-� � �?Q+ �EO\0 �����  ���e6 

d  �f ���� �O$+ 3"��� �� 3/��= ���D ��("1�	 �  �����

 �K*+ �EO\0,*/@� .f"	O-w 3�� 3"� ��  ��/-� �� ��a 

 �e  6��\/;+ �,?+ �� ��	��� %#E�� �� N,9 zD�� ��

�+ N�Y- �� ���/@	 ���) �� ("1�	 �� !��L	 3��	Z��  ,*��

) !�91.(   

 ���,��?"� 3��/7� s";Y	 ���� �T#j,*A ���OL- ��

��/-� 3"� �D�	 �� 3�L+ �/@	 � ��,9  ��K/)� �� .

f"	O-w S�� �� %1 ���� %/��= ���D �T#j,*A ��� ,-�6 

("1�	 3��/7�  ,-O9  � N�9�O0 :;� ����/@	 �� ��

i"Tj ("1�	 3��	 :;� ���) ����/@	 ��  ,-O9  ��

,*/@� .f"	O-w �+ ���D �,?+ <��&- %1 ����  ,-�"=

("1�	  ,-��� ���/@	 V�L	 �� �K"Tj ����� . � ��/-�

�/@	 ��= � �,��?"� ��?"1�	 3��/7� :;� �� ���  ���

�+ N�Y- �� <"	��/�  �D�	 3��/7� 6:;� �� �� � ,*��

 f"	O-w 3"� �,��?"�)��/-� ( �� %1 �)� ��/@	 � S��

�+ ���� ���D �,?+ �� ��	��� %#E��  ,9��)Yan and 

Hunt, 2002; Yan 2001 .( �Q1�,F �KE ����

 6M"5/@+ �D�	 �� �=,*?@Af"	O-w  6�-�L#�� ���

RI1843046 6RI184421  �IR50 S�� ��  ���

 ,9 zD�� �T#j,*A  :;� ��7A %� �� �T#j,*A � ,-�

�+ M"@5	 ,*��L- . !�9 %� %8O	 ��2 %� vO��+ :;� �� 6

 ��/-�c 6f"	O-w ��� F  �H  ��/-� %� vO��+ :;� �� �f 

f"	O-w  ���G 6B 6D 6A � C ��/-� %� vO��+ :;� �� � 

A 6 f"	O-wE  %) �O8�  ,*�� N�Y- %1 �)�  ,9 zD��

�+ <"	��/�  ��= ,9�� . 3��/7� 6a�� <"	��/�  ��= ��

 f"	O-w 3"� �D�	 6�,��?"� ("1�	RI1843046 )C ( ��

("1�	 %� �?Q+ � Z�� ����� 3�Z �� ����+ ,G�� N�O*P

RI184421 )F (("1�	 �� %� �?Q+ � Z�� ����� ,G�� N�O*P

�,��+ � ,9�� . 3�ZRI184421  %1 �)� ��/@	 �7*	

 �U�� �/@	 %� �?@-)H ( ���D �,?+ �� ��	��� %#E�� ��

���� . ��/-� 3"� �D�	 6V�� <"	��/�  ��= ��f 
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)RI184421 (("1�	 ��  N�O*P %� � �?Q+ � Z�� �����

 �/@	 �� ����+ ,G�� � S�� f"	O-wC )RI1843046 ( ��

("1�	  � Z�� ����� �/@	 � �?Q+A )�-�L#�� ( ��

("1�	  %#E�� �� �,?+ %� �?@- %1 �K*+ � 3"��� �����

("1�	 3��/7� 6,-��� ���D ��	��� ��� �� �  �O� <"	��/�

 f"	O-w 3"� �D�	 6VO)  ��=A ("1�	 ��  �� �K*+ �����

 f"	O-wIR50 )E (("1�	 ��  3��/7� �K*+ � M1 �����

�+ <"	��/� ("1�	 ,9�� .��  ��/-� %� vO��+ :;�e 

�)�  ,Y- zD�� �h"	O-w �"� .�U�� ���?P %�6   f"	O-w

IR50 )E ( <"u"� �� ("1�	 �"#��D ����+ ,G�� N�O*P %�

f"	O-w ��  �� NH ��  ��K/)� ��OE �� � ���,- �� ��

�D�	 !��D lO*	 � X����/� 6�� %rF�+  ,��O;- �O8� ��

 �9��) !�92 .(�D�	 �� SO�T+ ��� 3��/7� 6

("1�	  ���� �+OLP  ,-O9 3�� f"	O-w �KERI184421 

)F ( ��/-� %� vO��+ :;� �� ���/@	 �+�L	 %1 ��A 6�O�f 

:;� �� �  ,9 zD�� ��� ���) %� vO��+ ��/-�  ��

 ,Y- zD�� ���/@	 �� V�,�u"� ,-� .�+ !"G� 3"L� %�  N�O	

 N�P���1 ��/-� %1 �f ("1�	 3��/7�  �+OLP  ,-O9)�� 

 �� ("1�	 �"#��D ��/Y"�  %TG�]+ 3�� �� �)��� ��O+ V�D��

���� �� .��/-� 3"� ��  6%TG�]+ ��O+ ��� 3�� 3��	Z�� ��/-�

("1�	 �+OLP �����  ���=,*?@A �Q1�,F �KE ���� 

���9 ) !�92.(  

  

  

 !�91 - R)O/+ �/@	 ��\/;+ ���OL- )ATC( �D�	 ��  M"5/@+ ���)Z�� ( SO�T+ �)���3" (�=,*?@A �Q1�,F ����  
Figure 1. Average tester coordinate (ATC) view of biplot in direct (above) and reciprocal (below) crosses for 

peak viscosity parameter 
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Figure 2. Polygon view of biplot in direct (above) and reciprocal (below) crosses for peak viscosity parameter 
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Figure 3. Average tester coordinate (ATC) view of biplot in direct (above) and reciprocal (below) crosses for 

breakdown viscosity parameter 
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Figure 4. Polygon view of biplot in direct (above) and reciprocal (below) crosses for breakdown viscosity 
parameter 
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Figure 5. Average tester coordinate (ATC) view of biplot in direct (above) and reciprocal (below) crosses for 

final viscosity parameter 
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Figure 6. Polygon view of biplot in direct (above) and reciprocal (below) crosses for final viscosity parameter  
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Figure 7. Average tester coordinate (ATC) view of biplot in direct (above) and reciprocal (below) crosses for 

setback viscosity parameter  
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Figure 8. Polygon view of biplot in direct (above) and reciprocal (below) crosses for setback viscosity 
parameter 
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Abstract 
GGE biplot method is one of the appropriate methods for analyzing the data with bilateral 

structure. In the present research, the GGE biplot model was used to identify promising heterotic 
crosses for paste viscosity parameters in rice (Oryza sativa L.) by using 8×8 full diallel progenies. In 
direct crosses, parents Deylamani, RI1843046, IR50 and RI184421 were identified as good general 
combiners for peak viscosity, while in reciprocal crosses, only parent RI184421 was the best combiner 
for this trait. The parents RI1843046 and RI184421 for breakdown viscosity property and the parents 
BC4, Deylamani and Tarommahalli for final viscosity parameter were identified as good general 
combiners in direct crosses, but RI1843046 was the best general combiner for both trait in reciprocal 
crosses. Although, the parents BC4 and RI184421 were respectively the best general combiners for 
setback viscosity in direct and reciprocal crosses, but the parent Deylamani was good general 
combiner for this trait in progenies of both cross. The results of this research showed that  the crosses 
RI1843046 × RI184472, RI184472 × Deylamani and Deylamani × IR50 for peak viscosity, RI1843046 

× Line 23, RI184472 × Deylamani and RI184472 × Tarommohali for breakdown viscosity, RI1843046 

× RI184472 and RI184421 × IR50 for final viscosity and BC4 × RI1843046 and Deylamani × Line 23 
for setback viscosity were the best specific combiners. The good general combiners to organize a new 
population and the good specific combiners as the suitable heterotic combinations for producing the 
progenies with suitable paste viscosity properties are suggested.   
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