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����  ABSTRACT   ����  

 

Six population seeds of three yellow maize hybrids were formed at Agricultural 

Research Center, Homs, during 2008 and 2009 growing seasons. Their plants were 

evaluated in 2010. The present work aims to determine the genetic parameters in six 

populations (P1, P2, F1, F2, BC1, and BC2). Mean square results showed significant 

differences among mean values for all traits in all crosses. Significant heterosis values 

were positive and relative comparing to mid and better parent for most traits. The potence 

ratios exceeded (+1) in all traits and crosses except ear height, indicating thus over-

dominance. In breeding, depression values were significant in most traits for Cross-1, 

while their values were non- significant in all traits for Cross-2 except plant height, and 

also in Cross-3 except plant height and grain yield per plant. In most traits epestasis or 

dominance gene action occupied the first rank in the genetic effects in order of importance 

to cross, with the exception of number of rows per ear, number of kernels per row and 

grain yield per plant where additive gene action occupied the first rank for Cross-2 and 

Cross-1 respectively. Therefore, it could be suggested that selection for most studied traits 

in the subsequent generations will be relatively more effective than in the early 

generations. 
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 ���4)�	 �
��4� ��()�	 �6�&4� }�(*�	 ��� �
�� ���� �� ����	 �i,2 ���	���	 ��	
��	 �� �i��	���	2008, 
2009 
2010 �)� C4� �����	 }.� .7  B(,*�(� =��� �2��� 
(�7 ��485  =����	 b-� /� � �4�.+ ��2�- ���*�	

,A(*
��(� <	�� ��2F ,��
4��	 �4�40 ,<��40 ����(0 ,��
?)�	 '�(��(� '��.� ,-��2� 1�>	 
�7
  �
,�
,�(� x
*���	 '���
�
��	
  '��
*� E��	 �(��(�(��).  
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• /��	
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 ����� /�� �+�+ �(�*�	 �* <(.�(� ��� (��  
� ��E  /��&*�	 E��,�	 /��&4� /�*2
�� /�*��� 
� /�� ��
� ��

2008  
 ����,�	 /�&�	
 H(��	 8
�� ����F1 ��
� ��2009�* ��� �(+�e	 �	*	�� �) /�
�>	 /� 
�P1 
P2 (
 8
�� /�
�*
 /��� 
�� F1 �(*(�2� �*	� b�.4*
 F1�4 C4� 

9�8
��F2  
� �(*(�2 /��2��&*�	 j�� F1 /� 
�


8
�� /�
�*� /�
�>	BC1
=BC2. /��� 
�� �*��	 �6(7)�	 8
�� ��	�� �* E��� ���*2��	 /�&�	 /� ��
� ��
2010 � �	���� ��+ 
 

-�) -
-� ���� 
�)��6  ��2(�+
 

>	 
���	
 ��
�>	 8��	�*�	 /� 
�� (-� 
�� �*�

 /��)���	 /�4���	 /� 
�� -
-�(BC1 and BC2)  �2(+�	 
��4� <(-� �7� �+�+
F2 ���9* �	��*�(� j��
 .
 ��6	
7)�	 �4�(��	 �(�(-.�	R.C.B.D).(  C4� �	H	�.�	 ����
40 *(�2 <( �-(� <(  /�7�
� '�� �8  
 '��7�F1 
80 

� �(�2-(� /�  �)���	 /��&*�	 �*��7�(BC1 and BC2) 
120 �(�2 -(�� <(  '��7� /�F2 . ��	���
�(,9:8
���	 ��� ,(%9) A
2�)�(� %
,9�	 ��� ,(��) A
2�)�	 B(,*�	 ,(��) �(�2�	 B(,*�	  /�
,(���) %9�(�
100  (�	�F) E��,�	 �(�2�	 �i��(*2	ٕ
 (�	�F) ��� ��
-� C4�15.%  <(�+	�

 <(�6(9�D (&�4� 
9�*��	 �(2(���	 �44�

�.��- �	��*�(� ,(1981) Snedecor and Cochran,  ��� 
0� �.��- �	��*�(� �(-�
*��	 /�� �2�(.��	 �*

) E
2)�L.S.D ��
2)� x
*�� C4� (5) '�(���	 ���� ���.* �*
 ,%P(  ���()� ��
Smith, (1952) ,���.* �* (�� 

� <(�(�0 /��&�	 '
�) /�
�>	 -�
*�MP) 
?�>	 8>	
 (BP �3�()� ��
 j��
 (Singh and Choudhary, 
(1977) �3�()� ��
 �*��	 ��+	�
�	 ���()��	 �.��- �	��*�(� �+	�
�	 
),�	 ��*��
 ,Hayman, (1958) 
Jinks 

and Jones, (1958).  
  

��0�.�	
� F<��.	
:  
 GD�5 6  /���������	
 	
�:��:���� /(�  /�(�* /��� 
�� ���	 �6(7)�	�
2)� <( (�*�	 C�D ��7� 	��
/�  �+	�
�	

 /��	 �;)� �� �6(7)�	 �����
����	 �(,9� ��F 
(���� �6()�	 /�(�*�	 1(,�2	 �3(��	 �;)� �� ;�
�
.
���	�)23	 )P1, P2 and F1 
(���� �6()�	 /�(�*�(� �2�(.� (���	�)23	 )BC1, BC2 and F2.()���		

1
 =2
 =3( 
j�� C4�
  �6(7)�	 /�� /�(�* C�D j���
 /�&�	 �6(7� /�� /�(�* C�D x�� H(��	 /�� �+	�
�	 ��(�*�	 /� 

.�	 /���

./��� 
�� �9(��	  
��&;� *��	 �6(7)�	 �(-�
*��  ��
2)� <(0
�� /�&�	 
� ���	 
�=��
����	 �(,9�*
 � 
	��(-�
*� � 
/��&�	 �6(7�1 /�129) ��P2 ( C�D224.1) ��F1/�
 �(�2�	 B(,*�	 �,9� (2.45) ��P1C�D (103.1) ��F1 (

/�
 .A
2�)�	 B(,*�	 �,9�14.7 )(P1  C�D17.3)F1andF2�,9� (  .A
2�)�(� %
,9�	 ���  
  

)/���2(:��:���� )M( ������ )MS(	
 
<������	
 /�(
 ���=�	 )IL.256_06×IL.767_06	 (���
��	
 �����.  

�6(7)�	 
PH EH NOR NOK 100_KW GY 

M MS M MS M MS M MS M MS M MS 
P1 146.1 53.77 45.2 58.41 14.7 0.93 41.0 7.82 22.2 3.34 118.3 87.60 

P2 129.0 28.95 49.5 33.50 15.4 1.29 28.3 10.57 26.1 3.02 72.1 86.55 

F1 224.1 45.89 103.1 43.68 17.3 1.01 48.2 6.86 33.2 3.21 213.8 48.67 
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F2 192.4 362.06 88.5 169.39 17.3 3.77 46.1 27.32 27.2 12.69 162.4 804.35 

BC1 180.4 250.05 75.3 135.96 16.1 2.34 51.3 17.81 27.4 6.88 188.3 634.31 

BC2 171.6 206.00 64.2 101.26 15.6 3.02 33.1 23.47 28.7 12.52 109.7 322.75 

LSD 0.05 7.4  6.0  0.6  0.6  1.6  6.4  
PH 
 �(�2�	 B(,*�	EH 
 A
2�)�	 B(,*�	NOR 
 A
2�)�(� %
,9�	 ���NOK  %9�(� 8
���	 ���
100_KW /�
100 
 ���GY 

.E��,�	 �(�2�	 �4F  
  

/� ��
	�*
28.3 )(P2  C�D51.3 )BC1/�
 =%9�(� 8
���	 ��� �,9� (22.2) �(P1  C�D33.2 �
)F1 ( /�
 �,9�100  /� <	����
 ���72.1) �(P2  C�D213.8) �F1 

���	) E��,�	 �(�2�	 �4F �,9� (2.(  (��

/��&�	 �6(7� �(-�
*� ��
	�*2  /�124.4) ��P2C�D (208.6) ��F1/�
 .�(�2�	 B(,*�	 �,9� (7.45 ��
)P2C�D (73.7) ��F1/�
 .A
2�)�	 B(,*�	 �,9� (15.7 )(P1  C�D16.6)F1, P2andBC1 %
,9�	 ��� �,9� (

/� ��
	�*
 .A
2�)�(�44.7 )(P1  C�D56.5 )F1/�
 .%9�(� 8
���	 ��� �,9� (22.1) �(P2 
C�D30.6)�F1 /�
 �,9� (100  /� <	����
 ���121.8) �(P1  C�D211.7) �F1 .E��,�	 �(�2�	 �4F �,9� (

 

���	)3.(  
  

)/���3) ��:���� :(M ) ������ (MS 
<���	
 () ".��	
 ���=�	 ���	
IL.291_06×IL.257_06�	 (.���
��	
 ����  

�6(7)�	 
PH EH NOR NOK 100_KW GY 

M MS M MS M MS M MS M MS M MS 

P1 
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6 

117.5
2 

51.
1 39.58 

15.
7 

1.6
3 

44.
7 

40.2
0 

23.
0 

6.16 
121.
8 

301.32 

P2 
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4 

102.5
2 

45.
7 29.89 

16.
6 

1.5
7 

47.
7 

36.6
1 

22.
1 

6.16 
122.
7 

328.89 

F1 
208.
6 

88.07 
73.
7 39.04 

16.
6 

1.2
9 

56.
5 

31.9
8 

30.
6 

5.62 
211.
7 

190.92 

F2 
174.
1 

359.8
6 

68.
5 

155.8
4 

16.
4 

3.1
6 

47.
7 

83.7
3 

28.
5 

15.8
8 
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5 

1077.7
7 

BC1 
181.
7 
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2 

67.
7 

113.2
0 

16.
6 

2.4
8 
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6 

61.9
1 

28.
4 

12.4
4 

175.
7 

935.97 

BC2 
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7 

321.2
5 

68.
4 

136.2
7 

16.
2 

2.3
2 

50.
8 

60.9
0 

27.
1 

10.9
5 

178.
3 

887.34 

LSD 
0.05 

4.1  5.6 
 

0.6 
 

1.3 
 

1.5 
 

10.0 
 

PH 
 �(�2�	 B(,*�	EH 
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 ���GY 
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/��&4� �(-�
*��	 ��� ��
	�*
3  /�118.1) ��P1C�D (194.1) ��F1�
 .�(�2�	 B(,*�	 �,9� (/50 
) ��P1 C�D (79.5) ��F1/�
 .A
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 .%9�(� 8
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KW 
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1 

75.28 
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0 

31.95 
14.
2 

0.8
8 

27.
2 

15.4
7 

29.7 3.55 90.4 
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3 

P2 
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3 

70.46 
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0 

67.78 
15.
5 

1.9
0 

36.
2 

16.5
7 

20.4 1.62 83.8 
130.4
1 

F1 
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1 

38.98 
79.
5 

45.36 
16.
3 

1.2
3 

44.
4 

8.50 29.4 2.18 
179.
2 

123.5
0 

F2 
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7 

184.6
4 

70.
2 

160.6
9 

15.
5 

2.8
3 

41.
4 

26.
35 

26.4 9.82 
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4 
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5 
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8 

144.9
8 

64.
9 
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0 

15.
1 

1.9
3 

38.
5 

24.0
8 

29.2 7.39 
140.
3 
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9 
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8 

158.3
8 

70.
7 

115.0
8 

16.
2 

2.5
6 

41.
4 

16.6
1 

24.5 6.06 
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4 
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6 
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0.05 

7.8  4.2  0.3  3.4  1.3  8.1  

PH 
 �(�2�	 B(,*�	EH 
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,9�	 ���NOK 
 %9�(� 8
���	 ���100_KW/�
 100 
 ���GY 
.E��,�	 �(�2�	 �4F  

  


>	 8>	 /� �,4*���	 �6(7)�	 j
4�
 H	�� ���.* :6(*2 �&;*
 )(P1  C4�>	
 

->	 /(� �2(+�	 /��&�	 ��

%9�(� 8
���	 ��)�  8>	 /(� j���
)�2(+�	(P2  ,E��,�	 �(�2�	 �4c� C4�>	
 A
2�)�(� %
,9�	 ��)� C4�>	
 

���	)3) 

>	 8>	 /(� /�� �� .((P1  

���	) ,A
2�)�	 B(,*�(� 
0>	 

>	 /��&�	 ��2 .( 8>	 ���*

)

>	(P1 ��(+�	 /��&�	 ��  /�
 �,9� /�
 C4�w�100  

���	) ,���4 '��7� ����* <(�
��
 .(F1  �+�+�	 /�&4�

 '��7� �2(�
 ,�6(7)�	 �(-�
*�� �2�(.� ��
����	 �(,9�	 �(-�
*�� ��.�	 C4�w� F1 
?�>	 

>	 /��&4�
�(,9� /�
 ,A
2�)�(� %
,9�	 ��� ,�(�2�	 B(,*�	 :100 

���	) ,E��,�	 �(�2�	 �4F
 ���2 .( �H(��6(*2(2 
 �&�(7�:6(*2�Awaad and Hassan(1997) and Amer and Mosa (2004) . 
 .��*0	 (2�6(*2 �/�  :6(*2


�Hassib (1997) and Erakyet al (2003)..  
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 G��.��6 �����	
 ��
�B B���=	
 ��0� �7 F��.	
 
� ��	
� ���3
�	
 ���
�	
 : 
+ /� C4��
 ���
� �3(��	 �;)� �� '�(���	 ���� ��0 �2(�1��0 ��&;� �*�	 A
2�)�	 B(,*�	 �,9 H(2+*�(� 

 /� 
0� _1 /�&�	 
� ��  

���	)5(  C�D ��7� 	��
 /D �.6(,�	 '�(���	Over_dominance  C4�>	 8>(� �+w**
,��
����	 �(,9�	 
� �� /��&�	 /�
�* �� 
�	��	(���
 �&�(7� :6(*2Shafeyet al., (2003)   
� ��
 �0


/�Abd El Aty and Katta, (2002) and Alvi et al.,(2003). j��� �
)*  '�(���	 C�D /��&�	 '
0 �	��+w*
'�(���	 ���� m*��� (� 	��
 �.6(,�	Over dominance(1+< P),  B(,*�(� 
0>	 8>(� �.6(,�	 '�(���	 �+(** (�2��

A
2�)�	.  
��m*�?
� (�	 /� 
� :6(*2Edwards and Lamkey (2002), Amer and Mosa (2004).. 
 
/�
 �,9 �..� <(�
��100  ���/��&�	 �� ���
� ���0 
0�3)P= 0.94 �(�2�	 �4F �,9� ��.�	 C4�� �2(�
,(

/��&�	 �� E��,�	2)P= 189.22(	 B(,*�	 �,9 ��
 ,�(�2� /� '�(���	 ���� ��0 ��
	�*  
)P= 26.14( /��&�	 ��1 ) C�DP= _4.34/��&�	 �� (3  

���	)5( .  

 ����*�	 /� :*(2�	 �
��*�	
 /��&�	 '
0 �)**��(; ��4�	��	�*���*� /� �
�� ;��2 /� �.-2��	 /�� j���
 /
 (2+�� ��
 .��
2)� �
��*�	 ��0 /
�* /� ��
2)� /��&�	 '
0 ��0 �2(� /D E�
�?�	 /� A��
 ,�2(+�	 
���	 �� �
��*

 ��
����	 �(,9�	 �;)� �� 
?�>	 8>	
 /�
�>	 -�
*�� <(�(�0 ��
2)� /��&�	 '
0 ��0 �2(� 	�� �+�+�	 /�&4�
 

���	)5=( �A
2�)�(� %
,9�	 ��� �,9 H(2+*�(  '
0 ��0 C4�� �2(�
 ��
2)� ��F ��0 ��&;� �3(��	 �;)� ��

/��&�	 �� A
2�)�	 B(,*�	 �,9� /��&�	1 117.80% 
128.08 E��,�	 �(�2�	 �4c�
 %124.59
 %80.77 %
.8�*�*�	 C4� 
?�>	 8>	
 /�
�>	 -�
*�� <(�(�0  

  
�)/��5) �����	
 ��
� :(P) ���=	
 ��0 (H %) 
� ��	
� (ID�# ���
��	
 �����	 ���3
�	
 ���
�	
 �7 F��.	
 (	���= /�(
 �

��	
 �
�	
 ��. 

�(,9�	 
(IL.256_06×IL.767_06)

>	 /��&�	 

(IL.291_06×IL.257_06)   /��&�	
�2(+�	 

(IL.322_06×IL.233_06)   /��&�	
��(+�	 

P 
H % 

ID P 
H % 

ID P 
H % 

ID 
MP BP MP BP MP BP 

PH 10.11 62.85** 53.32** 14.11* 4.41 49.04** 34.11** 16.57* 4.60 47.36** 33.61** 14.10* 

EH 
_

26.14 
117.80*

* 
128.08*

* 
14.14 _9.32 52.25** 61.29** 7.08 _4.34 43.18** 59.02** 11.61 

NOR 6.84 15.15* 12.65 0.38 1.12 3.06 0.32 1.18 2.06 9.42 4.63 4.47 
NOK 2.14 39.24** 17.64** 4.32 6.84 22.20 18.36 15.50 2.84 39.97** 22.68* 6.61 
100_
KW 

4.65 37.32** 27.12** 18.18* 16.97 35.62** 32.83** 6.71 0.94 17.34** _0.94 9.97 

GY 5.14 
124.59*

* 
80.77** 

24.04*
* 

189.22 73.18** 72.51** 16.14 27.82 105.74** 98.21** 22.24* 

HBP 
HMP  ��7*)   ���(�*�	 x
*�� C4� ��
2)��	 *
**.8�*�*�	 C4� 
?�>	 8>	
 =/�
�>	 -�
*� C�D <(�(�0 /��&�	 '
0 C�D0.01( 

)0.05.8�*�*�	 C4� (  

  

/��&�	 �� A
2�)�(� %
,9�	 ��� �,9� ��.�	 
0� �2(� (�2��2  �c4� �*�	
3.06
 %0.32 <(�(�0 %
8�*�*�	 C4� 
?�>	 8>	
 /�
�>	 -�
*�� 

���	)5,./
���
 �)� ()2010.(  
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�2(+�	 
���	 �� ��4�	��	 ����*�	 /� :*(2�	 �
��*�	 ��0 ���� F2 (9�D ��3� �(,9�	 
� �� ��
2)� ��6
 /��&4�1 %
,9�	 ��� �*,9 H(2+*�(� %9�(� 8
���	 ���
 A
2�)�(�  

���	)5( .� ��.�	 C4�� �4���
 �(�2�	 �4c
 E��,�	)ID=24.04/��&�	 �� ��
2)� ��F ��.�	 ��� �2(�
 .(2  �*�	 �(�2�	 B(,*�	 �,9 	�� (� �(,9�	 
��

) ��	�.� �
��* C4�� �4��ID= 16.57/��&�	 �� j���
 ,(3  /�*4�	 �(�2�	 �4F
 �(�2�	 B(,*�	 �*,9 H(2+*�(�
 C4�� (*4����.�	 )14.10 
22.248�*�*�	 C4� (  

���	)5(./� 
� :6(*2 }� �.�	
*� �2(� :6(*2�	 ���Galalet 

al (1994), Khalil (1999) and Edwards and Lamkey (2002) �+	�
�	 
),�	 /� 

.�	 /��� ��� (��
.�+�+�	 /�&�	 �� ��
����	 �(,9�	 �;)� ��	�� �� ���*� ���	�*��	  

 G��	�� 6 �"�

�	
 �����	
 ��.�$Genetic components of variance :  
��(7� :6(*2  

>	 A(�.��	Scaling Test I  ��� C�D �
�
��(,*� �4��� /�&4� �(,9�	 
� �� �(+�
�4��

 �+�+�	/��&�	 �� A
2�)�(� %
,9�	 ��� �,9 H(2+*�(�2 . 
) -�
*��	 �	��+w*� ��
2)� ��0 �+�+�	 /�&�	 ��&;�m (
�(,9�	 
� ��  

���	)6
 =7
 =8(. 	��
* ��	
 }�Awaad and Hassan, (1997).  

"# 
���=	1 

���	)6(=  -�2�	 /� �0
,*�	 �+	�
�	 
),�	 
*�	 E�(�� ×E�(�� )l �+	�
 �� C�
>	 ��*���	 (
m�4� ,�(�2�	 B(,*�	 �,9  -�2�	 /� �0
,*�	 �+	�
�	 
),�	 ���	�* ×���	�* )i
),�	 �+ ,( )E�(���	 �+	�
�	h m)�*�
 (
) ���	�*�	 �+	�
�	 
),�	d/� <�� :6(*2 �2(� �(���	 	�� ��
 .((El Absawy, 2002; El Beially, 2003 and 

Ibrahim, 2003) ��7* C�D  ���*�+	�
�	 
),�	  �+	�
 �� ���	�*��	�(�2�	 B(,*�	 �,9  

���	)6( 
),�	 H(�
 .
 -�2�	 /� �0
,*�	 �+	�
�	 E�(�� ×E�(�� )l -�2�	 m�4� ,A
2�)�	 B(,*�	 �,9 �+	�
 C4� m*�-�� �� C�
>	 ��*���(� (

�0
,*�	  ���	�* ×���	�* )i)E�(���	 �+	�
�	 
),�	 �+ ,(h ���	�* -�2�	 /� �0
,*�	 �+	�
�	 
),�	 m)�*�
 ( ×E�(�� 
)j(/� <�� :6(*2 �2(� �(���	 	�� ��
 .Abd El Aty and Katta, (2002), Shafeyet al., (2003) and Amer 

and Mosa, (2004)  ��7*  A
2�)�	 B(,*�	 �,9 �+	�
 �� ���	�*��	 �+	�
�	 
),�	 ���* C�D 

���	)6.(  
  

)/���6 :( ]��?�	
 �

�^�I ) /�(
 ���=�	 ��
=`�	
� ���

�	
 �

��C��	IL.256606×IL.767606.���
��	
 ����	
 E���	 (  

�(,9�	 
Scaling 
test I 

��+	�
�	 �	�7���	 
Type of 
epistasis 

A B C D m d  h i j l 
 

PH ** ** ** ** 
192.44** 
±1.00 

8.82** ±1.59  20.71** ±5.21 
_65.76** 
±5.12 

0.27±3.35 85.05** ±7.76 Com 

EH _ ** ** ** 88.51** ±0.69 
11.09** 
±1.15 

 
_19.45** 
±3.70 

_75.21** 
±3.58 

13.22**±2.5
5 

97.22** ±5.67 Dupl. 

NOR _ ** ** ** 17.27** ±0.10 0.47** ±0.17  _3.32** ±0.55 _5.60** ±0.54 0.13±0.39 6.91* ±0.85 Dupl. 

NOK ** ** ** ** 46.10** ±0.28 
18.22** 
±0.48 

 _2.05±1.51 
_15.63** 
±1.46 

11.87**±1.0
8 

12.44** ±2.34 Dupl. 

KW ** ** ** ** 27.15** ±0.19 
_1.35** 
±0.33 

 12.69** ±1.03 3.67** ±1.00 
_

3.29**±0.72 
_1.24±1.59 Dupl. 

GY ** ** ** ** 
162.43** 
±1.49 

78.63** 
±2.31 

 64.95** ±7.63 
_53.68** 
±7.55 

55.55**±4.8
6 

75.75** 
±11.21 

Com 

PH 
 �(�2�	 B(,*�	EH 
 A
2�)�	 B(,*�	NOR 
 A
2�)�(� %
,9�	 ���NOK 
 %9�(� 8
���	 ���KW  /�
100 
 ���GY  �4F
.E��,�	 �(�2�	 )   ���(�*�	 x
*�� C4� ��
2)��	 *
**0.01( 
)0.05.8�*�*�	 C4� (  
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 -�2�	 /� �0
,*�	 �+	�
�	 
),�	 H(� A
2�)�(� %
,9�	 ��� �,9 ��
 E�(�� ×E�(�� )l 
 ( ���	�* ×
���	�* )i��2(+�	
 C�
>	 /�*�*���(� ( 8�*�*�	 C4�  ��&���*�� ( �+	�
�	 ���&�4� ,�,9(� )E�(���	 �+	�
�	 
),�	h ( �+

) ���	�*�	 �+	�
�	 
),�	d.(  
��	
*�  }� :6(*2Nawaret al., (1980). ��&;� �*�	
 ���*  E�(���	 �+	�
�	 
),�	
 �+	�
�A
2�)�(� %
,9�	 ��� �,9= }� ��F(2*
Khalil, (1999) ��+w* /� ��
 E��	 �(���	 �+	�
�	 
),�	 �
� m� E

=�,9�	 ��� �+	�
 �� �(� ) ���	�*�	 �+	�
�	 
),�	 H(� (�2��d( �,9 �+	�
� m���* �� C�
>	 ��*���(�  8
���	 ���
,%9�(� &�4�(  -�2�	 /� �0
,*�	 �+	�
�	 
),�	 ���	�* ×���	�* )i �+ ,( -�2�	 E�(�� ×E�(�� )l(  ���	�* -�2�(� ×
E�(�� )j(. 
 �����	
*�  /� 
� :6(*2 }�. Aziziet al., (2010) �-�� )E�(���	 �+	�
�	 
),�	hC4� (  �,9 �+	�

 /�
100  ,���&�4�(  -�2�	 /� �0
,*�	 �+	�
�	 
),�	 ���	�* ×���	�* )i �+ ,( ���	�* -�2�	 ×E�(�� )j(  m)�*�


) ���	�*�	 �+	�
�	 
),�	d(..Aziziet al., (2010) ) ���	�*�	 �+	�
�	 
),�	 H(�
d(  /� �0
,*�	
 -�2�	 E�(�� ×
E�(�� )l(  /�*�*���(� �+	�
�	 
),�	 (�&�4� ,E��,�	 �(�2�	 �4F �,9 �+	�
 C4� (�&*�-�� ��� /� ��2(+�	
 C�
>	

)E�(���	h ( /� �0
,*�	 �+	�
�	 
),�	 m)�*�
 ���	�* -�2�	 ×E�(�� )j.(*.�	
 ��� �/�4� :6(*2 }� :6(*2�	et al., 
(2010).Kumar et al., (2012) Azizi  C4�
��� (�  

.�	 /��� '���	 

9�� �4F /���*� 8(�*23	 /�

 ��(,*�	 �(,9� �9(�
 ����*�	 :�(2�� /� '��w*��	 ���	�)23	 
(��>	 �� �* (� 	�D <3()� /
�� 

>	 /��&4� H	�,9�	
 ��� ,A
2�)�	
 �(�2�	 /�

 A
2�)�(� %
,9�	100  ���	�)23	 
(��>	 �� 8(�*23	 	�� H	��D /��� (�2�� .���

 �+	�
�	 
),�	 
*�	 ��� ,E��,�	 �(�2�	 �4F
 %9�(� 8
���	 ��� �*,9 /� 
�� ����*�	 :�(2�� /� �-�
*��	
./�*,9�	 /�*(� �+	�
� ���*�	 /� C�
>	 ��*���	 ���	�*�	  

�� /��&�	2  

���	)7=(:6(*2�	 ��&;� /� )E�(���	 �+	�
�	 
),�	h m���* ��� /� C�
>	 ��*���(� H(� (
 m�4� ,�(�2�	 B(,*�	 �,9 �+	�
 �� /� �0
,*�	 -�2�	 E�(�� ×E�(�� )l �+	�
�	 -�2�	 �+ ,( ���	�* ×���	�* )i,( 

) ���	�*�	 �+	�
�	 
),�	 m)�*�
d .( �+	�
�	 
),�	 �-�� A
2�)�	 B(,*�	 �,9 ��
 /� �0
,*�	 -�2�	 E�(�� ×E�(�� 
)l(  
)E�(���	 �+	�
�	 
),�	h) ���	�*�	 �+	�
�	 
),�	 ���*
 .�,9�	 ��� �+	�
 C4� (d( )E�(���	
h ( 
),�	 j���


 -�2�	 /� �0
,*�	 �+	�
�	 ���	�* ×���	�* )i E�(��
 ,( ×E�(�� )l( 9 �+	�
 ��A
2�)�(� %
,9�	 ��� �, 
 

���	)7(.  
  

)/���7 ]��?�	
 �

�^� :(I C��	".��	
 ���=�	 ��
=`�	
� ���

�	
 �

�� )IL.291606×IL.257606.���
��	
 ����	
 E���	 (  

�(,9�	 
Scaling 
test I 

 �	�7���	 
Type of 
epistasis 

A B C D  m d h i j l 
 

PH _ ** 
 

**  
174.07** ± 

1.00 
7.97** ± 
1.70 

83.14** ± 
5.43 

14.49** ± 
5.25 

67.61* ± 
3.81 

627.98** ± 8. 
37 

Dupl. 

EH ** ** ** _  
68.50** ± 

0.66 
60.73 ± 
1.18 

23.48** ± 
3.64 

61.82± 3.53 1.98 ± 2.54 
626.08** ± 

5.67 
Dupl. 

NOR _ _ _ _  
16.42** ± 

0.09 
0.41* ± 
0.16 

0.32 ± 0.52 
60.18 ± 
0.50 

60.03 ± 
0.39 

0.16 ± 0.82 Com 

NOK ** _ ** **  
47.73** ± 

0.48 
62.19** ± 

0.83 
17.97** ± 

2.67 
7.71** ± 
2.54 

63.69± 
1.94 

60.93± 4.17 Dupl. 

KW ** * ** **  
28.53** ± 

0.21 
1.33**± 
0.36 

4.81** ± 
1.16 

63.22** ± 
1.11 

0.86 ± 0.83 61.41 ± 1.80 Dupl. 



H	�,9�	 '���	 /� /�� �+�+ �� �����	 �(,9�	 1)�� ��+	�
�	 ���()��	                                          �)�= /(���= ���>	 
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GY ** ** ** _  
177.50** ± 

1.73 
62.57 ± 
3.18 

87.27** ± 
9.65 

62.17 ± 
9.40 

63.05 ± 
6.99 

637.90* ± 
15.12 

Dupl. 

PH 
 �(�2�	 B(,*�	EH 
 A
2�)�	 B(,*�	NOR 
 A
2�)�(� %
,9�	 ���NOK  %9�(� 8
���	 ���KW /�
100 
 ���GY  �4F
.E��,�	 �(�2�	 )   ���(�*�	 x
*�� C4� ��
2)��	 *
**0.01( 
)0.05.8�*�*�	 C4� (  

  
�-�� %9�(� 8
���	 ��� �,9 ��
 )E�(���	 �+	�
�	 
),�	h(  -�2�	 /� �+	�
�	 
),�	
 ���	�* ×���	�* 

)i,( ���	�*
 ×E�(�� )j( ) ���	�*�	 �+	�
�	 
),�	 m)�*�
d( �,9�	 ��� �+	�
 ��. �-�� )E�(���	 �+	�
�	 
),�	h( 
 -�2�	 /� �+	�
�	 
),�	
 ���	�*× ���	�* )i,( ) ���	�*�	 �+	�
�	 
),�	 m)�*�
d /�
 �,9 �+	�
 �� (100 .��� (�� 

� ���2�(��+	�
�	 
),�	 �-�� E��,�	 �(�2�	 �4F �,9 )E�(���	h(  E�(�� -�2�	 /� �0
,*�	 �+	�
�	 
),�	
 ×E�(�� 
)l( �,9�	 �+	�
 C4� 

���	)7(.  

9�� �4F /���*� 8(�*23	 /� �2)� 	��
 /
�� �2(+�	 /��&4� H	�,9�	 '���	

 A
2�)�(� %
,9�	 ��� �,9 	�� (� �(,9�	 }���� ����*�	 :�(2�� /� '��w*��	 ���	�)23	 
(��>	 �� �* (� 	�D <3()�
 �)23	 
(��>	 �� (&� 8(�*23	 H	��D /��� �*�	.����*�	 :�(2�� /� �-�
*��	 ���	  

�� /��&�	3=  /(� )E�(���	 �+	�
�	 
),�	h ,( 
 �+	�
�	 
),�	 /� �0
,*�	 ���	�* -�2�	 ×E�(�� )j,(  
 
),�	
) ���	�*�	 �+	�
�	d(  E�(�� -�2�	 /� �0
,*�	
 ×E�(�� )l(  �+	�
 C4� '�-��� 8�*�*�	 C4� B(,*�	 �,9

.�(�2�	 

���	)8(.  
  

)/���8 ]��?�	
 �

�^� :(I ) �	��	
 ���=�	 ��
=`�	
� ���

�	
 �

��C��	IL.322606×IL.233606.���
��	
 ����	
 E���	 (  

�(,9�	 
Scaling 
test I 

�	�7���	 Type of 
epistasis 

A B C D m d h i j l 

PH *

* 
** ** ** 

166.70** ± 
0.72 

621.05** ± 
1.30 

44.77** ± 
3.99 

617.60** ± 
3.87 

634.61** ± 
2.95 

19.93** ± 
6.26 

Com 

EH _ _ ** ** 70.24
** ± 0.67 65.78** ± 1.10 

14.18** ± 
3.59 

69.79** ± 3.46 60.26 ± 2.48 8.53 ± 5.50 Com 

NOR *

* 
** _ _ 15.54** ± 0.09 61.09** ± 0.16 1.78** ± 0.50 0.38 ± 0.47 61.77** ± 0.37 60.64 ± 0.79 Dupl. 

NOK *

* 
** ** ** 41.43

** ± 0.27 62.84** ± 0.48 6.72** ± 1.52 65.94** ± 1.44 67.31** ± 1.15 61.72**± 2.38 Dupl. 

KW _ _ ** * 26.44
** ± 0.17 4.68** ± 0.27 6.11** ± 0.88 1.77* ± 0.86 0.06 ± 0.61 60.50 ± 1.35 Dupl. 

GY *

* 
** ** _ 

139.38** ± 
1.00 

2.85 ± 1.85 
90.09 **± 

5.70 
62.03 ± 5.46 60.46 ± 4.22 

620.69* ± 
9.04 

Dupl. 

PH 
 �(�2�	 B(,*�	EH 
 A
2�)�	 B(,*�	NOR 
 A
2�)�(� %
,9�	 ���NOK  %9�(� 8
���	 ���KW /�
100 
 ���GY  �4F
.E��,�	 �(�2�	 )���(�*�	 x
*�� C4� ��
2)��	 *
**0.01( 
)0.05.8�*�*�	 C4� (  

  
 �-�� A
2�)�	 B(,*�	 �,9 ��
 
),�	)E�(���	 �+	�
�	h�0
,*�	
 ,(  -�2�	 /� ���	�* ×���	�* )i,(  
 
),�	

 �+	�
�	) ���	�*�	d(=�,9�	 ��� �+	�
 C4� 8�*�*�	 C4� 
*�	
 )E�(���	 �+	�
�	 
),�	h(  ��� �+	�
 �� C�
>	 ��*���	
A
2�)�(� %
,9�	 , m�4� �+	�
�	 
),�	 /� �0
,*�	 ���	�* -�2�	 ×E�(�� )j,( �+) ���	�*�	 �+	�
�	 
),�	d(=(��  �,9
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�-�� %9�(� 8
���	 ��� ,*�	 �+	�
�	 
),�	 ���	�* -�2�	 /� �0
 ×E�(�� )j(  m�4� ,�,9�	 ��� �+	�
 C4�
)E�(���	h(  -�2�	 /� �+	�
�	 
),�	
 ���	�* ×���	�* )i,( ) ���	�*�	 �+	�
�	 
),�	 m)�*�
d=(  /�
 �,9 ��
100 

 �-�� ��� 
),�	)E�(���	 �+	�
�	h m)�*� ,�,9�	 ��� �+	�
 C4� ( �+	�
�	 
),�	) ���	�*�	d(  �+	�
�	 
),�	 �+�0
,*�	 
 -�2�	 /� ���	�* ×���	�* )i(=  
�0 �+	�
�	 
),�	 
*�	 )E�(���	h ,E��,�	 �(�2�	 �4F �,9 �+	�
 �� C�
>	 ��*���	 (

 �+	�
�	 
),�	 m�4� E�(�� -�2�	 /� �0
,*�	 ×E�(�� )l �+	�
�	 
),�	 �+ () ���	�*�	d(  

���	)8(  ���2�(� �2)� (��
 '��w*��	 ���	�)23	 
(��>	 �� �* (� 	�D <3()� /
�� H	�,9�	 '���	 

9�� �4F /���*� 8(�*23	 /� ��(+�	 /��&4�

.�(,9�	 }���� ����*�	 :�(2�� /�  
  

�����.��D
 : ������	
�  
: �����.��D
  

 

.�	 /���DE�(���	
 �0
,*�	 �+	�
�	 
),�	 /  /(�
 ,

>	 /��&�	 �� �(,9�	 �;)� �+	�
 C4� 	�-��
 %�(?*��	 
�7�	 /� �+	�
�	 
),�	 -(�2� /�� 
�(,*�	Duplicate) �4F
 �(�2�	 B(,*�	 �*,9 	�� �(,9�	 
� �� (

8(�*23	 ����� C�D ��7� 	��
 ,E��,�	 �(�2�	 3	 
(��>	 �� /
�� /�� ��  ,�(,9�	 ��� /���*� '��w*��	 ���	�)2
.E��,�	 �(�2�	 �4F /���*� <(�&� '��w*��	
 �-�
*��	 
(��>	 �� E�	��*�	 8(�*23	 
),�	 �-�� �2(+�	 /��&�	 ��


 �(,9 �+	�
 C4� E�(���	
 �0
,*�	 �+	�
�	 /�� j��� ,E��,�	 �(�2�	 �4F
 A
2�)�	
 �(�2�	 ��(,*�	 /� 8(�*23	
�(�*�e 
?�� /
�� '��w*��	 
(��>	 -�
*��	 
(��>	 /� 8(�*23	 �)� (�2�� .��
F���	 �
���	 '�
(�*� �3	�)23	� 

 <(�
F�� '��w*��	
  /�

 %9�(� 8
���	 ��� ,A
2�)�(� %
,9�	 ��� �(,9 /���*�100  
�(,*�	 m2�� (� 	��
.���
/(� E��	 �+	�
�	 
),�	 -(�2� /��  %�(?*��	 
�7�	 /�Duplicate)�,9 	�� �(,9�	 
� �� (  %
,9�	 ���

A
2�)�(� �	 
(��>	 �� E�	��*�	 8(�*23	 /
�� E��	=(&2���*� <(�&� '��w*��	
 �-�
*�  

.�	 /��� ��(+�	 /��&�	 (��
�(,9�	 }��� /���*� <(�
F�� '��w*��	 
(��>	 /� 8(�*23	 /�  �,9 	�� (� 8
���	 ��� /� 8(�*23	 /�� %9�(�

 %�(?*��	 
�7�	 /� �+	�
�	 
),�	 -(�2� /�� 
�(,*�	 /(� �0
 .�,9�	 ��� /���*� <3()� /
�� �-�
*��	 
(��3	
Duplicate) ���	�)23	 
(��>	 �� 8(�*23	 ����� �2)� (�� A
2�)�	
 �(�2�	 B(,*�	 �*,9 	�� �(,9�	 
� �� (

 ��� /���*� '��w*��	.�(,9�	  
	
������ :  

 '��w*��	
 �-�
*��	 ���	�)23	 
(��>	 �� 
(),�	 8(�*23	 ���-* 
�� /� H	�,9�	 '���	 �4F /���* /���
 8(�*23	 H	��D /���
 .��
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