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Mass screening of 76 barley genotypes for resistance to Russian wheat aphid  

Diuraphis noxia (Hom.: Aphididae), in greenhouse condition 
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@�+� %�� A$� Diuraphis noxia   �B� CB�, ��B�� -& D�  Hordeum vulgare)(  !&�B�& �6 

5%& . 5,��0, A'F�G, H�& �6;I&�	� A� �� J
2�KL � �MN�� Avena sativa ) @��B0, ���� ( �6

   �� %��� AK�O�� P�&�� .AQ��
�  ��            �K�B� �6�BF� 5�� R�$O, H
+% �� ��� S� A�T�, �6  .

      �6�F� �& U> -�� S� � 5V
�  WX�� �-�%   �B�            ���B  ��B2�/ !&3B
, ��6�&� ���VBX Y�BK �

  �
� ��� �Z�6  ��       !�� AF�F �Z�6 � ���� A� 5(VK �6�F� ![��
', !&�+\ A�  �� �-&�BK& �  ��B
� 

5,��0,[  �K�� %���  .  J
2�KL H
� �6  ��    �.BK ����.B, @��0, ��
V� J
2�KL �%��� 6��, � .

         !&3
, ��6�&� ���VX Y�K 5]Z A% H$��� �^K �6 ��      _�B� !�� AF�F �Z�6 � ��  ��2�/  �B�� 

J
2�KL  �B�  @�B �& � Densod-navaro �Lokht �Makoei �B6 �U.N.K. �74 B4-4709� 74 B4-4720� 

4807 74 B4- �4814 74 B4- �M73urbyt-1 �M73urbyt-6 � M73 urbyt -14 �̀$(VK �6 �K6�� @��0, 

   J
2�KL A
0� A/ F�T  ��  ���� �6   ���            �&�B  a�VBT B�
X � a�VBT �PB%�$, 5
%�VBT �� 

�+$���.  

�!��  �-���&. �:@�+� %�� A$� ��� 5,��0, ���(K& b���c .  
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Abstract 

Russian wheat aphid, Diuraphis noxia (Mordvilko), is a serious pest of cultivated 

barley, Hordeum vulgare L., in many parts of Iran. A greenhouse study was conducted to 

identify resistance of 76 barley genotypes along with oat, Avena sativa, as a resistant check. 

Test was arranged in complete randomized designs with four replicates. Plants were infested 

by different stages of D. noxia in first leaf stage. Twenty one days after infestation, resistance 

indices including: damage rating, stunting, percentage of leaf rolling and growth of infested 

plants in compared with control plants were estimated. We did not find highly resistant or 

highly susceptible genotypes in this study. On the base of three traits (damage rating, stunting, 

percentage of leaf rolling) genotypes and varieties: Desnod-navaro, Lokht, Makoei, B6, 

U.N.K, 74B4-4709, 74B4–4720, 74B4–4807, M73urbyt-1, 74B4–4814, M73urbyt-6 and M73 

urbyt -14 were resistant, whereas other genotypes classified from moderate to highly 

susceptible. 

Key words: Mass screening, Barley resistance, Russian wheat aphid.  
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  �B�(Hordeum vulgare L.)     @�B+� -& �B'� 5B
	�& �B^K -& (Triticum aestivum L.) ��# �  

(Zea mays L.) eK�� � (Oryza sativa L.)f ��� �6 A�c H
,��� B, !   �B���(Rasmusson, 1985) .

A$�  ��, �� C�, ���� A�	� -&   �+B��� .    ��B'F�G, a�B%& �B�Basiri and Rastegari (1994) �6 

             !� !�
, �6 � �K�&6 5
F�'� b�g1, H�& ��� A$� AK�� h� a��� !�$%&  ��   @�+� %�� A$� �  

Diuraphis noxia (Mordvilko)6�&6 ��$.
� 5
	�&  .   �B� @�B+� B%�� A$�,     �A
B%�� i�B+�

��./ � !�$VK�j�& �!&��& ��, AK&�$��, A0G+, �   �B���(Gray et al., 1990; Webster et al., 1991) .

�
� -& &̀�g1+, @�+� %�� A$� ��, A�=j2 �kc �6&�K�X ! ���	K (Armestrong et al., 1991) � 

a�VT �� � @�+� �
K�]
F�/ �6  MN�� � H��2(Avena sativa L.)@��0,     HB�& AB� 5(VK A�c H��2

, 5�� �+��� )(Gonzalez et al., 1992 ._�� !�� AF�F l\�� 5�� H�&  ��   � F�B) ��B1, b�T 

ADF 6�"�&  ���&�K �  ��, �� �6 mK� �
]% F�) �  6��(Hughes, 1988)   nBo, �B
F�2 ���  � 

 ���% -& �$.
� b�g1, H�& ��� !�!�
,�+� ,  ����(Kindler and Springer, 1989) . %�� A$�

   A$� ���% �+K�, @�+�   ��   a���� b�0$K& ��   ��    �, h0K Ǹ�	$T& ��
� �	  �
>& �6,  ���	
�   �B� �
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       �� �-��(, A+�3� � �6�g$ & ���VX A/ ���) A� 6�&6 b�g1, h��/ � %����   �6 5B�� H�&

  b�BBB% H
BBB� �BBBD��,�  �BBB� ���:�[��:I  �BBB� pF�BBB� �qrr   5BBB%& �6�BBB� �N6 !�BBB
�
,   

Quick et al., 1991)(. �D��,� �6 @�+� %�� A$� A� �kc @��0, @� �& !6�/ &�
> �&�� h��s> 

A�Z��k�           b�% -& 5�� H�& ��%�+� � 6��� -& U>��:I      �B�6�� -�c� ��t.��,-� P�&�� �6 � 

)Webster et al., 1993 .(Calhoun et al. (1991)  5,��0,�r� �� C � &�  6��B, A\�3, P�&�� �6 

   �&�  h��,-��K6&6 .              nBT&�, @�B	2 �6 �B� @�B �& -& uB'� AB/ �B+$��� A"
$K !&�t.��s> H�&

 X ����           A�T�, �6 @� �& -& X�� F� �K�&6 K�VD� 5,��0, 6�b��K    5B,��0, v�B�� � ��=� 

 !�.K 6�X -& ���]$,, �+�6.  

Clement & Lester (1990)  5B,��0, �9  � CB � Kindler and Springer (1991)  5B,��0, :w 

            �K6&6 �&�  %��� 6��, @�+� %�� A$� A� 5(VK &� .T� �� C � .  h��,-� H�& �6    B��   �B�& 

�6 2��k$X& Af 6 ��  ABK�� H
B� � !   �B�    ABK�� �B,& �B� ����.B,    �B�� Hordeum bulbosum L.�   

H. marinum �H. brevisubulatum subsp. Violaceum � H. Chilense   � N�B� 5,��0,H. bogdani 

 �&�	����+$�&6 G%�$, 5,��0, �t�6 AK�� .  

Kindler and Springer (1992) 5,��0, :: �   �BK6&6 �&�B  %��� 6��, AK�O�� �6 &� �� C .

      �6�F� -& �'� -�� e+> � 5V
�    ��-�%Iq     � 5
%�VT C � qI         6�BX -& GB%�$, 5B,��0, C � 

 �K6&6 !�.K .          6�� a�VT ���� -& �$	/ C � H��+f 5,��0, �h��,-� H�& �6 .   �x& %��� 5��

  �5B,��0, -��B� �6 @�+� %�� A$� � �� @� �& K�D, C� Webster et al. (1991) yqw  -& CB � 

     *	� �t�6 ��.z �+f � !&��&         A�T�, �6 &� !�.$,��0, � ����b��K        �&�B  B%��� 6��B, ��=� 

�K6&6 .             @3
K�D, %��� 5�� !&��& -& C � A% n,�� @��0, C � AK h��,-� H�& �6   ��   5B,��0, �

 ��K�� �6&6 �&�  �$.
� %��� 6��, � i�O$K&Quick et al. (1991),  5,��0��   �6 �@�B+� CB � 

    @���6 @�B+� CB � SB� � AF�D
$��2 C � S� ��� C �)Triticum durum (   6��B, ABK�O�� �6 &�

  �K6&6 �&�  %��� .      a�VBT @�B+� %�� A$� A� �� � @�+� ���"2 @� �& @�	2 h��,-� H�& �6

�� �6&6 W
O.2 .Mornhinweg et al. (1995b)  � �B� � @�B+� ���"2 @� �& @�	2 3
K    A$B� AB� &

    �K6&6 W
O.2 a�VT @�+� %�� .             �BD��,� �-���.B/ ��&-� �6 6�B��, �B� @� �& -& F�

)USDA( �wy � @��0, &� C � I��K6�/ ��', P%�$, 5
%�VT �� 5,��0, �� &� C � .  
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                  5B,��0, !&3B
, ���-�& �&�� A'F�G, �%�� A$� A� �� @� �& 5,��0, %��� �� !�,- C�

� H�& A� @�+� @� �&   �B� -�Bc� !&�B�& A�	� -& �
K6 R�$O, |�0K �6 3
K 5� .Najafi et al. (2003) 

  5,��0,�9      � !�K @�+� C � �y       WX�� a�%& �� &� @���6 @�+� H�N   ��  !�� �-���/ !&3
, �

   _�� !�� ��
Q
> �  ��             HB�N AB/ �B� �6&6 !�.K � �K6&6 �&�  ���-�& 6��,    �B�    @���6 @�B+� �

 @�+� @� �& -& �2 @��0, !�K, �+��� . B%��� �6  �B� �Moharramipour et al. (2002) HB�N   �B��  

C-A/23   � C-A/15      � @�+� H�N �6-�� H
� �6   A}
2�2    5B,��0, WX�� H$�&6 �� q;/y � ;:/w �

   �+$�&6 &� 5,��0, H��$.
�.     _�� !��6 5�� H�& �&�0$%&  ��         � AB�=j2 5B�� �kc ��� AF�F �

      B�6 �&��B/ h��B/ }B��, nBo, �B
F�2  B'
() !�+	(Reed et al., 1991)   ��
	
B� @�	B% � 

(Robinson 1992, Mornhinweg et al. 1995a),  6�� .   -& �6�]$B%& ���B� ��� }F�G, A� A��2 ��

   � H	� �@��0, @� �&                ��Bt�6 <�� ���B, �+�� �6 C/ A+�3� � 5V�- P
1, �&�� !6�� �GX

  �B��� 5�� H�& �k	T �� A���0, 5��(Robinson, 1993) .       �B�- B%��� ��B� h
B> HB�& �B�

�,� �6 &��& A� � T&�).  

  

 ;�����
	  

7<     ���� ���� ��� ��&. =�+>  :          a�B($ & �� �h��,-� ���� 5�� ��/ A$� A
�2 �&��

 <�� -&Worrall and Scott (1991)      3B/�, �6 @�B+� ��� A$B� HB�& <���B> b�T �6 +�/ -& �

     B
�2 A$B� �6&�'2 �!� �- �-���./ ��0
012  �B� ��� � A)  �B"]F&� CB � (   ��B, AB�9r -�� 

  �K�� �6&6 <���> .           �&�.T ���% �� +�/ !�� �6�F� -& ��
���� ��^+, A�)  A$� �s�� A�    �B� �

     A$� ��.$K& � AK�O�� �6 6���,  ��     AK�O�� A� <���> b�T �6 � (!&���  ��     ��B2 �� +�/ ���T �

        B� WF�BX -& !�+
	)& b�gT �&�� � �K�� ��K���> &3K���& B+�/ !6�   �B�    ��B(D� -�� AB% �B� �

+�/   ��     !� -& S� �� !6�� �6�F� ���Z �6 � %�-�� �
 6 ��G�  ��    HB�& �B
c �6 � �-�VB/�> �

, @��', k̀/ ���Z �� .  

?<  ����� ��	
� : MN�� J
2�KL S� �&�	� A� �� J
2�KL h� � 6�$]�) @��B0, ���� ( �6

S$.2   ��    6�'�& A� �q�*9y*Ir $K�%   , �$,  �K�� A$��/ }'D .     S$.B2 �� �6qr    RB�6� )  �B�

   ���T R�6��r ��
�  ([      $K�% C
K � �6 A�Z�� ��     R�6� H
� �$,  ��    $K�% �6 A�Z�� �       H
B� �B$,
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A2��  ��[  ��6�� 5./  .    S$.2 �� �6��     �B� A$B��/ MN�B� RB�6� SB� ��� J
2�KL  .  �&�B�

     �&�D2 S� n,�/ 5��/);I     � �� R�6� ���f  MN�� R�6�  (���f .2      �&�B  �6�]$%& 6��, S$

     5��/ �� � 5����I   �S$.2 ���f  ��6�� n,�/ ��(K& b���c h��,-� �&�D2  . -& �&�D2 A% ��B�f 

         �&�D2 � �6�F� @�+� %�� A$� �� �&�D2���f         ���B� �&�BD2 !&�B+\ AB� ��-�B% �6�BF� !��B� @

�� ��&��tK .  

S$.2   ��     |��O, ��X �� )       5(VK A� F�	', ��X � _�� ��X �A%�,  ��  ��:�:� (  !��$B%

    ��,6 �6 ����r[:r  $K�% A��6    �K�� �> 6&�� .              AB� k̀(B  AB/ 5B��/ A.B0K �B() @� �& ��=�

             �B� A$B��/ 6�B� ��� WO., �&�0, =c�/ ��� �� �6�g2 ���Z .   =Bc�/ -& <�� HB�& �6

    S$.2 �G% �-&�K& A� �&�0,  ��     ��B� �6�]$B%& �6�B� ��� Y&��% !� ��� ��=� 5��/ n1, A/�

   -& U>  S$.2 �G% 5��/  ��      6�'�& A� ��>�% �� qI*q�*yq $K�%        �B� ��gB1, }B'D,�$, .

<�>�%  ��    S� -& ���f            n
D.B2 &3K���& ��2 K� �� �G% � M�]� !����K M&�)& �� �3�� i�f

 �K6�� ��� .   �
� _�� H
F�& $ �  ��    !� ��]2�& � ���� !  ��   A� :[w $K�%          -& �6�]$B%& �B� �
%� �$,

<�� Scott et al. (1991)�-&�K& -& �'�  AQ��
� A
F�& ��]2�& ��
� ��    �̀$(VBK 6&�B'2 �B� S$.2 �� �

   A$� 6��-)  6��T�yrr     +% R�$O, nT&�, -& 6�\  ( �� �6�F� .      A$B� &�$�& A/ }
2�2 H�& A�   �B� �

           S$.B2 hB��> K� �� �G% 6�'�& A� "K�G� =c�/ S� ���   �B�    �B� � �yrr    ��B) AB� ABK�X 

    k� U�% ��K�� hO> 5X&�+D� �G% A�Z�� =c�/A$� ���T ��   hB��> ��B2 �X&6 �G% �� �

S$.2  ��    ��, A� q[9  �� �6&6 a�	2 A0
 6  .A$� n,�/ b�0$K& -& �'� �� &� <�>�% ���2 ��� A� 

         A$B� �!��B
� M�B) -& 5B%6 RB/ �B� ��2 !6&6 hF�, �� � �6&6 �&�  S$.2 ���   �B�   ��B) AB� 

AQ��
� ��� �� 5X&�+D�  ���K��6�� hO> .  

V
�         �
� ��]2�& ��-�% �6�F� -& �'� -�� S� � 5  ��    �-&�K& �6�F� � ���� !       �B� U�% � ��
�

 <�� -& �6�]$%&Scott et al. (1991) ���	K ��
� �� �6�&� ���VX !&3
,  -& �6I[�  ��B+� A0() 

�� .  <�� H�& �6 :   �
� �&�� S� a�
0,  ��      -& &�B� SBf�/ �-���/ |�0K �� �� � ���VX � �� !

 �
0, �C�   �
� �&�� �6 a  ��           H��B+f 6�B�� AB% a�
0, �C� -& &�� F� _�3� �-���/ |�0K �� !

        ABDF !�,� 6��� A� � ��
(Vf C� A� �-���/ Sf�/ ADF   �B�    a�B
0, ��-��B�/ _�3B� � ��B�f 

   ADF �o/& !�� ��
��>   ��   ADF �� �-���/ �   ��       _�� e+> a�
0, ��
]% |�GX �� 6�- �   �B�   &̀���B� 
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  �

    - |�0K �� ��� �-���/            �
� -& u'� !�� ��
%k> � 6��- �
X �
]% |�GX �� �&���> 6�   �B�  � !

�
� �&�� h� a�
0, ���� A$��� �^K �6 �6�, ! .  

<�� -& �6�]$%& �� �Kindler et al. (1995) _�� hQ
> !&3
,  ��a�
0, ��  ���:  

• S� :_�� ��
Q
> !���  

• �6 :��
Q
> _�� �+f �� S�  

• A% :k̀,�/ _�� �+f �� S�> ��
Q
  

 J
2�KL �6  ��       K �6 � ��+� A��6 h��,-� 512 ���  b�,�� �� 5�  ��    �tF�2�/ !&3
, n�# �

_�� hQ
> �Z �6 H
+Q	� � ��  ��2�/ �Z�6 ����6�� A(%�1, .  
21 ststSt −=  

100
2

1
×=

ph

ph
ph  

100
2

1
×=

pro

pro
pro  

b�,�� H�& �6  �� :  

St =  tF�2�/ !&3
,  

St1=  [ ���� S$.2 �6 J
2�KL S� ��]2�& ��� !&3
,   

St2 = S$.2 �6 J
2�KL !�	� ��]2�& ��� !&3
, �6�F� ��, �6 �6�F� ���  

Ph =��  ��2�/ �Z�6  

Ph1 = �6�F� S$.2 �6 J
2�KL S� ��]2�& P%�$,  

Ph2 = ���� S$.2 �6 J
2�KL !�	� ��]2�& P%�$,  

Pro = _�� ��
Q
> A��6 �Z�6 ��  

Pro1 = ,�6�F� S$.2 �6 J
2�KL S� ��
Q
> A��6 P%�$  

Pro2 = ���� S$.2 �6 J
2�KL !�	� ��
Q
> A��6 P%�$,  

 

   @�K -& �6�]$%& ��     ���,� �&3�&SPSS   AOVK�I      �6&6 !6�B� b�B,�K &�$�& �   �B�    -& �B'� � !�B1$,& 

    !� !6�� b�,�K -& !�+
	)&  ��       �K�� �6&6 �&�  n
�12 � A�3"2 6��, � .J
2�KL   �� , �   h��B,-� 6��
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   5]Z A% ��� -&)_�� ��
Q
> �Z�6 ����VX Y�K ��tF�2�/ !&3
, �  (  H
tK�B
, <�� ��

���� H
� �� (Average linkage between groups) �6 ���f   akB/ � C
VB02 ���B�    �K�B� ��B+� .

     �T&� �x& !6�� H
� -& �&��  �� �-&�K& �      �6&6 ���]BZ ��B
�    �B�          6�&�K�$B%& ��B+� AB%k/ -& nB(  

�K��6��.   H
tK�
, H
� AV��0,   ��  ����f     <�� �� ���� REGWQ   5B��� @�"K&  .      6�B�- nB
F6 AB�

  J
2�KL 6&�'2 !6��  ��    !� H
� H
tK�
, AV��0,   �� 6�(K ��=> !�D,&  .  PB%�$, ��,6 �6 h��,-� H�&

   �-�� AK�(�:±q9 $K�% A��6     -&�
B� ��t.BK&6 ��2�(K �kZ& � 5\&�- hO� AK�O�� �6 6&��

 @�"K&��.  

  

@����AB	 �  

 WX�� e��$K   ��   5,��0, �)     _�B� !�B� ABF�F �Z�6 �tF�2�/ !&3
, ����VX Y�K   �B� � 

  AQ��
� ��� �Z�6  ��    ���� A� 5(VK �6�F� � (;I    MN�� �&�	� A� �� J
2�KL ) @��B0, ���� (

�6       5%& ��� �6&6 !�.K S� ���	� b��� .     _�B� ��B
Q
> �Z�6 ����VX Y�K ��1F -&  �B� �

�BB�� �BBZ�6BB� tF�BB2�/ !&3BB
, � ���BB� ABB� 5(VBBK ��BB
�  AJBB
2�KL � @�BB �& }BB
2�2  �BB�� 

w:r;[ w B;w    @��0, ���� � ��/�, �      JB
2�KL A/ 2��Z �6 H��2    �B�     @�B �& � M73urbyt-13 �

 � ���/ �U��"F&w;�w[w B;wa�VT   H��2��K6�.   

 ��.BBB��,-� A��.BBB, �ABBB'F�G, HBBB�& �6Burd et al. (1993) �Quick et al. (1991)�   

Nkongolo et al. (1990)WX�� @�	2 �6 MN�� �  ���-&�K& �   6�BX -& ��X 5,��0, ���� ��
�

    WX�� �6 F� 6&6 !�.K    �
� ��� �Z�6   ��         �B� AV��0, �6 ��$	/ ��� ����� A� 5(VK �6�F� !

J
2�KL  ��  ����B� � w;��[wB;w  ��y[ urbyt ;9 M  ��r[ urbyt ;9 M   � �q[ urbyt ;9 M  � 

tF�BB2�/  ����BB� ABB� 5(VBBK ��$.BB
� q[ urbyt ;9 M ��y[ urbyt ;9 M �;[ urbyt ;9 M�  

�q[ urbyt ;9 M��r[ urbyt ;9 M�w;rq[wB;w� w;��[wB;w� w:��[wB;w� w;rI[wB;w  

6&6 !�.K . h��,-� �6 A"
$K H�& A��.,Du Toit (1989)�6 �  A/ ���) A� �� ����., @�+� @� �&

       ���VX Y�K �� @� �& -& u'�    �+$�&6 ����� ��  ��2�z �Cz.          JB
2�KL 3B
K h��B,-� HB�& �6

w:r;[wB;w J
2�KL A� 5(VK ��$	z ��� �Z�6 �Cz ���VX Y�K ��   �B� ��9[ urbyt ;9 M 

 U��"F �)N�� ���VX Y�K �� (5�&6 .  
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                      H
B� �6 a�VBT B�
X �B� � @��B0, B�
X J
2�KL �� C � �6�&� ���VX Y�K a�%& ��

J
2�KL   ��  ��,-� 512 �  �.K ����., h .           6��B, @�B �& H
B� �6 @��0, �
X J
2�KL 6��� @�\

                  AB�	� -& �kc ���% �� AV��0, �6 5�� H�& A� �� @� �& �$.
� 5
%�VT ��+�6 !�.K �h��,-�

 B, @�+� � AF�D
$��2  �B��� .Kindler and Springer (1991)   H
B� -& 3B
K :w    6��B, �B� JB
2�KL 

    &� J
2�KL S� P0� �h��,-�)�6 ��    ���VBX Y�BK 5B���99/� (  AB� &�    @��B0, JB
2�KL !&�B+\

�K6�/ ��',.  
  

 ����7<+', �G% � ��
', ��GX �H
tK�
,   ��&6���f�6 5,��0, WX��   

 ;I J
2�KL  / @��0, ���� � �� C �)MN�� (��(K& b���c h��,-� �6  
Table 1. Mean, standard error of means and P values of four resistance indices in 76 barley 

genotypes/varieties and resistant check (Oat) in mass screening experiment 

�� ��! /DE� 

Genotype/variety 
2��FG H
� 

Damage rating 
I
	 J�� �K�K �L�$ �-  

Percentage of Leaf rolling 

 �-�� �	 ��F� ���� ��� �L�$  
Percentage of plant height in 

compare to the check (cm) 

�MK� �. J�N��  
Stunting (cm) 

Aras 4.30  44.33  63.67  14.80  
Eram 4.70  44.00  42.67  19.97  
Valfajer 1 3.70  50.33  64.33  11.73  
Aljerys 4.66  63.67  66.67  9.20  
Desnod-navaro 3.13  47.00  52.67  18.13  
Deirala 106 4.33  44.00  55.33  17.30  
Radical 3.50  46.33  49.00  12.75  
Robor 3.43  50.67  71.67  8.70  
Reihane 3.57  47.67  61.00  13.66  
Zarjove 4.03  50.67  46.00  17.73  
Sina 4.27  47.00  56.33  10.66  
Faez 3.67  45.00  46.33  20.40  
Karon 3.67  46.00  65.33  11.47  
Kavir 4.27  46.33  33.00  15.10  
Gorgan 4 4.33  43.67  41.00  18.80  
Gohar Jove 4.03  43.67  97.50  1.87  
Lokht 3.60  45.67  54.00  14.60  
Makoei 3.47  34.67  60.00  14.43  
Valfajer 2 3.73  35.33  65.00  10.13  
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Table 1 continued  

�� ��! /DE� 

Genotype/variety 
2��FG H
� 

Damage rating 
I
	 J�� �K�K �L�$ �-  

Percentage of Leaf rolling 

 �-�� �	 ��F� ���� ��� �L�$  
Percentage of plant height in 

compare to the check (cm) 

�MK� �. J�N��  
Stunting (cm) 

B6  3.63  45.33  54.00  14.67  
1224[ L  3.47  58.67  67.67  11.70  

U.N.K  3.43  41.67  53.67  17.50  
74 B4 - 4702 3.73  38.33  74.67  5.67  
74 B4 - 4703 4.30  54.33  39.67  21.03  
74  B4 - 4704 4.17  42.67  69.33  9.33  
74  B4 - 4705 3.87  41.00  67.67  10.27  
74  B4 - 4706 3.90  43.33  64.33  8.37  
74  B4 - 4707 3.37  42.67  70.00  9.53  
74  B4 - 4708 4.47  41.33  45.67  20.20  
74  B4 - 4709 3.23  46.00  51.67  19.00  
74  B4 – 4710 4.33  42.67  51.67  16.10  
74  B4 – 4711 3.57  42.67  79.67  5.68  
74  B4 – 4712 3.77  41.00  66.00  13.60  
74  B4 – 4713 3.47  56.33  67.33  9.77  
74  B4 – 4714 3.50  54.67  47.33  22.53  
74  B4 – 4715 3.97  53.67  62.67  11.00  
74  B4 – 4716 3.77  48.00  69.67  9.58  
74  B4 – 4717 4.27  43.00  51.33  16.17  
74  B4 – 4718 4.00  53.00  57.67  13.70  
74  B4 – 4719 3.63  46.33  60.33  13.57  
74  B4 – 4720 2.77  42.00  73.00  9.90  
74  B4 – 4803 4.00  49.33  61.00  11.13  
74  B4 – 4804 3.97  42.67  55.00  12.80  
74  B4 – 4805 3.97  48.33  62.00  10.37  
74  B4 – 4806 3.87  46.67  63.33  10.73  
74  B4 – 4807 2.30  36.67  60.00  13.10  
74  B4 – 4808 3.90  43.00  60.33  14.03  
74  B4 – 4809 3.70  50.67  59.33  10.27  
74  B4 – 4810 3.80  43.33  50.67  15.93  
74  B4 – 4811 4.10  53.33  57.00  15.20  
74  B4 – 4812 3.80  44.00  59.33  15.60  
74  B4 – 4813 4.03  51.67  49.67  19.43  
74  B4 – 4814 3.47  42.67  60.67  15.30  
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Table 1 continued  

�� ��! /DE� 

Genotype/variety 
2��FG H
� 

Damage rating 
I
	 J�� �K�K �L�$ �-  

Percentage of Leaf rolling 

 �L�$�-�� �	 ��F� ���� ���  
Percentage of plant height in 

compare to the check (cm) 

�MK� �. J�N��  
Stunting (cm) 

74  B4 – 4815 4.40  41.00  46.33  18.83  
74  B4 – 4816 3.97  52.33  53.33  18.77  
74  B4 – 4817 4.07  37.67  68.00  9.83  
74  B4 – 4818 4.27  53.00  56.33  14.57  
74  B4 – 4819 3.80  43.67  73.67  6.03  

1[ urbyt 73 M 3.27  46.33  49.33  16.57  

2[ urbyt 73 M  3.80  40.33  77.67  5.50  

3[ urbyt 73 M  3.70  50.67  70.33  9.20  

4[ urbyt 73 M  4.43  55.33  55.67  14.03  

5[ urbyt 73 M  4.07  47.67  56.33  11.43  

6[ urbyt 73 M  3.13  44.67  52.33  17.97  

7[ urbyt 73 M  3.33  43.67  76.00  6.43  

8[ urbyt 73 M  4.10  45.67  66.67  10.13  

9[ urbyt 73 M  4.10  43.33  60.67  12.93  

10[ urbyt 73 M  3.67  50.33  81.00  5.80  

11[ urbyt 73 M  4.27  52.67  59.00  10.87  

12[ urbyt 73 M  4.27  50.67  81.67  5.53  

13[ urbyt 73 M  4.87  57.67  62.67  12.43  

14[ urbyt 73 M  3.40  39.00  49.67  17.07  

15[ urbyt 73 M  3.47  43.00  79.33  6.43  

16[ urbyt 73 M  4.23  55.33  52.67  15.43  

17[ urbyt 73 M  4.23  50.67  57.00  16.80  

18[ urbyt 73 M  4.20  48.00  47.33  21.13  

 n/(Total)  3.85  46.57  60.10  13.13  

', ��GX��
 (SEM) 0.04  0.64  0.87  0.33  

<-�&p (P-value) 0.048  0.434  0.000  0.000  

 MN��(Oat) 1  10.9  78.3  8.4  
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A0() a�%& ��   ��B+�Scott et al. (1991) JB
2�KL   �B�   !� ���VBX Y�BK AB/ �  �B� y/�[��  

y/q[I/�  �y/9[I/q  �y/w[I/9  �y/y[I/w   � I[I/y ,             N�B� 5B,��0, �&�&6 }B
2�2 AB� ��+B��� 

(HR)� @��BB0, (R) PBB%�$, 5BB,��0, �(MR) PBB%�$, 5
%�VBBT �(MS) a�VBBT �(S) BB�
X � 

 a�VT(HS)�+$V� .  

            �B
� ��� �Z�6 � tF�2�/ !&3
, 5]Z �6 H
� A/ �"K� -&  �B�     ���B� AB� 5(VBK �6�BF� !

      6�&6 6��� ]+, ���� t$V(	�)  b���9 (        5]Z S� A� |���, �6 �� �)    b�B) ��� !&3
,

��
�( ,   ��+��� J
2�KL &=F   �B�                    5]BZ AB% H$��B� �B^K �6 �B� h��B,-� 6��B, @�B �& � )  Y�BK  

 _�BB� ��BB
Q
> �BBZ�6 ����VBX  �B�tF�BB2�/ !&3BB
, � ( ���BB� H
BB� H
tK�B
, <�� �BB� � �BB�   

(Average linkage between groups) �6 ���f �K�� ��+� A0() ���� ) b���q .( b��� H�& �6

J
2�KL  �� 5]Z A% �� 5F�X6 �� @� �& � ���� �6 ��  AB$��� �&�B  R�$O, �     SB� H����B+� ��BK&

     @��0, ���� �6 A$��� �&�  J
2�KL  �� ̀N�	$T&            �6 �� � A$�&6 �N�� �
X 5,��0, 5]Z S� �6 

      �-&�K& 5]Z A% �� �� 5]Z �6                 �B� � @�B �& UBD\ �B� � A$B�&6 G%�$, 5,��0, ��� ��
�

      a�VT ���� �6 A$��� �&�   J
2�KL  �� ̀N�	$T&   � �6        �B� � A$�&6 +
��> �
X 5,��0, 5]Z S

       �-&�K& 5]Z A% �� �� 5]Z �6 �6     5�&6 G%�$, 5
%�VT ��� ��
� .    A��2 �� ����, H�&

k̀,�/ S� ���	� b��� A�5%& 6��., .  

!�+Q	� /     b��� �6 A��-  , ����.,       �-&�K& ��]Z @�	2 �6 6��  ���B� H
� ���� ��
�  �B� 

 +', Mk$X&     b�	$T& �G% �6 ��&6    �Z�6 S� )P<0.01 ( , ����., 6��     !�.K H�& �,  ��6

   ���� @�	2 H
� A/  ��        B+', Mk$BX& h��B,-� 6��, @� �& �            !�B� ABF�F �BZ�6 ��B1F -& ��&6

_��   ��                   5B�� HB�& � 6�&6 6�B�� tF�B2�/ � !�B� �-��B�/ !&3B
, � B,       ��]BZ �Bo/& �BK&�2

     2 512 &� ��
� H�& D�L�F���,�  ��6 �&�  �
x .   AF�F �Z�6 _�� !��   ��       @��B0, @�B �& H

'2 �6 �

, C�, ��
V�      ��B0
012 a�B%& �B� &�B�- ����Kindler and Springer (1991)    6�B�- !�B� ABF�F 

_��   �� A$� �   ��     ��.T C
0$V, a�	2 -& &�   h/  ��              -& AB"
$K �6 � �6�B/ �B]T B'
() !�+	�6 � 

, ��
	
� � D�L�F�
� �-��(, �&��/ ���/.   
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2 H�& �61 ��.��,-� A��., ��
0Nkongolo et al. (1990) � Scott et al. (1991)  MkX�B� � 

 ��.��,-�Calhoun et al. (1991) � Burd et al. (1993) +', � 5(o, t$V(	�  �Z�6 H
� ��&6

     ���VX Y�K !�� AF�F)   _�� !�� �-���/ !&3
,   ��(        �Z�6 ��]Z H
� F� �� ����., ��2�/

 +', ]+, t$V(	� tF�2�/ !&3
, � ��   5�&6 6��� �&6(p<0.01) .    �6 �B� AB/ ��B"K� -&

         ��
� ��]2�& h��/ A� |���, ��� �/# 5]Z,         A(B%�1, ��(K& b���c h��,-� �6 H����+� ��+���

, ��/ @� �& 5,��0, !&3
, H

'2 �&�� WX�� �6 H�& -& D� ���� ) b���9.(  

  
 ����9<(	� WX�� H
� t$V  ����(K& b���c h��,-� �6 5,��0, � )n=76(  

Table 3. Correlation between resistance indices in Mass Screening test 

  
I
	 J�� �K�K �L�$ �-  

Percentage of Leaf 

rolling 

�-�� �	 ��F� ���� ��� �L�$  
Percentage of plant height 

in compare to the check 

N���MK� �. J�  
Stunting 

���VX Y�K 

Damage rating 
0.322*** -0.216ns 0.128ns 

_�� !�� AF�F �Z�6 �� 

Percent of Leaf rolling 
  -0.083ns  0.072ns 

���� A� 5(VK ��
� ��� �Z�6  
Percentage of plant height in 

compare to the check 
    -0.895*** 

ns :+', 5V
K �&6                                                                  Not significantly different at P>0.05  ns:  

***:  +',  �Z�6 @�Z S� �G% �6 �&6significantly different at P<0.01                                             ***: 

  

   +', t$V(	� 6��� @�\     !�� �-���/ H
� �&6 _��    ��  WX�� ��    ��  ��B  ��2�/ �Z�6 �

    , !�.K �tF�2�/ !&3
, �      �K�&6 ��$	/ tF�2�/ �N�� ���VX Y�K �� @� �& -& u'� A/ ��6 .

P%�2 @�+� R�$O, @� �& 5,��0, H

'2 �6 e��$K H�& A��., Du Toit (1989)�� <�&3�  .@�\ 

 +', t$V(	�      WX�� � ���VX Y�K H
� �&6   ��  �/ �Z�6 �      }(% tF�2�/ !&3
, � ��  ��2

  ���� �6 ��  J
2�KL ��+�  ��       _�B� !�B� ABF�F �BZ�6 � ���VBX Y�BK �B� ��k\ �  �B�  !&3B
, �

J
2�KL � �K�� A$��� �^K �6 3
K tF�2�/ ������ ��� �z# 5]Z A% a�%& ��  �K�� ��+� . 
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���NM��P�   

 � �����VX a�+�, � �F�]'� a�+�, !��� � -& A�
%�+��� A B
2�2   ���$B%&��� �)�BO� }

�6&6 ���,� n
�12 � A�3"2 � H$, ���)�O� !�
K�> CK�X �  , ��&3t%��% AF�0, J��2 6��∗ .  
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