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Abstract 

Powdery mildew caused by Blumeria graminis f. sp. tritici is one of the most important 

diseases of wheat, specially in Northern provinces of Iran. Use of resistant cultivars is the 

most effective way for controlling the disease. In this study, 58 elite lines (ERWYT) related 
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to Moderate, Cold and North zones and 200 advanced lines (ARWYT) (2003-2004) were 

evaluated for two years in Gorgan, Sari, Moghan and Varamin areas. Materials were sown in 

autumn 2004 and 2005. The reaction of plants was recorded twice in booting stage and two 

weeks after the first record. Results of two years showed that, among 58 elite lines, in Gorgan 

8 lines, in Moghan 25 lines, in Varamin 30 lines and in Mazandaran 16 lines were resistant. 

Among 200 advanced lines, in Gorgan 31, in Moghan 55, in Varamin 109 lines and in 

Mazandaran 65 lines were resistant. Based on the field results, totally 39 lines were selected 

and tested again with five pathotypes of the fungus under controlled conditions at the seedling 

stage These pathotypes had been characterized already. The results showed that most of the 

lines were susceptible to the disease at the seedling stage. However, line ARWYT-N83-8 

having SITE/ORL9127 in pedigree was resistant to four pathotypes (except isolate # 2 of 

Gorgan). In addition, line ARWYT-C83- 49, carrying APPOLO / HIL 81A, in its pedigree 

was resistant against isolate #4 of Moghan and # 5 of Varamin but susceptible to other 

isolates. Line ARWYT-C83-69 having APPOLO/90ZHONG87 in its pedigree was resistant 

to isolate #1 of Moghanand and #3 of Varamin but susceptible to other isolates. This study 

showed that lines having APPOLO in their pedigree were resistant to most of the pathogen 

pathotypes in Iran. These lines have potential to be used as commercial varieties in the region 

but needs further tests for other agronomical traits. 

Key words: Wheat, Powdery mildew, Resistance. 
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p	(�(�H �+��
 �6 �6�E3+/ 6��, ����	
 5,�J o��S ��� )9�\�
 ���  >��� �6 �/� ��,� 

A+/.  

  

 -#��./����	
 >�,��  p	(�(�H �1�+/�� 5', � ��/1  ���  

o��S Blumeria graminis f.sp. tritici 

Table 1- Virulence and avirulence formula of 5 pathotype of  

Blumeria graminis f.sp. tritici  and their locations 

�0
,��� 1��  

Location 

��
��� ��2 -���3 ���0/ ���5��
���  

Virulence/Avirulence formula 

����� ���	
 

Isolate No. 

(Kesht Sanat Moghan) 

Gorgan (Kabudval) 

Varamin 

(K. Sanat Pars Moghan) 

Varamin 

1, 2, 3a, 3b, 3c, 3d, 4a, 4b, 5, 6, 7, 8, 17 ,2+6 / 2+4b+8, 1+2+9  

1, 2, 3a, 3c, 3d, 4a, 4b, 5, 7, 8, 17, 1+2+9 / 3b, 6, 2+6, 2+4b+8   

1, 2, 3a, 3b, 3c, 3d, 4a, 4b, 5, 6, 7, 8, 1+2+9 / 17, 2+6, 2+4b+8 

 1, 2, 3a, 3b, 3c, 3d, 4a, 4b, 5, 6, 7, 8, 2+6, 2+4b+8, 1+2+9 / 17  

1,2, 3a, 3b, 3c, 3d, 4a, 4b, 5, 6, 8, 17, 2+6 / 7, 2+4b+8, 1+2+9  

1 

2 

3 

4 

5 

  

678�� # *9�  

�6/6 g��39 Z��,1� 1/ 5=�^ ��� )J�$, ���  r�	&, V3��
 �d9 �6 �
 ��/l�`) ` = ���J

�
6�T� 1/ ,� �( 4 = K��&, ,8 =K��&, )�	9 ,: � F = r�*^ )�	9 ,� � � � lr�*^ ( �6 �

 ����� >���0A+/ ���6�
 )�/�/  .V�[ 6/�R( >��� V�/ �6  1/ �� �� )" ]	�S/ �� ���

ZD"/�  �	tE( )
 � �+��
 6��, )&eD, �� �6 �96�
 �6/6 1��
 /� A,��&, �( A	+�*^ ���

A+/ ��� �6��� >�+ .  
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Table 2- Results of field tests of advanced and elite lines of wheat  

to powdery mildew during 2004-2006 years 

��� ��� 

First year   

��� ���  

Second year 

�	
 ��
 � ����� ��**  

Kind of lines and their 

numbers** 

 ���� �����

�����  

Locations  S MS MR R  S  MS MR R 

Gorgan   2 13 0 5  0 9  0 11 

Moghan  0 4 6 10  0 2 6 12 

Varamin*  15 1 0 4  0 0 0 0 
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Mazandaran*  0 0 0 0  6 7 0 7 

Gorgan  0 13 0 6  0 10 0 9 

Moghan  0 1 0 18  0 0 2 17 

Varamin*  6 2 0 11  0 0 0 0 
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Mazandaran*  0 0 0 0  13 0 0 6 

Gorgan 1  0 15 0 3  0 8 0 9 

Moghan  0 4 4 10  1 5 9 3 

Varamin*  2 0 0 16  0 0 0 0 
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Mazandaran*  0 0 0 0  8 5 1 4 
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Table 2 Continued- Results of field tests of advanced and elite lines of  

wheat to powdery mildew during 2004-2006 years 

��� ���  

First year  

��� ���  

Second year 

  

�	
 ��
 � �����  ��**  

Kind of lines and their numbers** 

����� ���� �����

Locations  S MS MR R   S MS MR R 

Gorgan 2
  7 40 0 13  4 34 0 21 

Moghan 3
  1 5 5 47  2 14 29 15 

Varamin*  16 1 0 43  0 0 0 0 
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Mazandaran*  0 0 0 0  28 4 2 26 

Gorgan 4
  4 41 0 15  0 31 0 25 

Moghan  3 5 11 41  1 5 20 34 

Varamin*  20 2 0 38  0 0 0 0 
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Mazandaran*  0 0 0 0  41 8 1 10 

Gorgan 5
  0 46 0 34   0 41 0 37 

Moghan 6
  3 11 10 53  1 20 27 32 

Varamin*  32 0 0 48  0 0 0 0 
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Mazandaran*  0 0 0 0  26 10 2 42 

* ���� �����	 �
�� 
�� ����	 ������ ����� �� 
�� ��� �� � �������� ����� �� ��� ��� �� ����!"� ��!# ������ ��
� �$. 

**��$��� % �& '�() ���*& !"���	   ��$+� ��, ���,� -/��� �� ��!0� �,� �,�	 :% 1�() ��   �� 
�� ��� �� �!� -/��� 23	���� ��$

 ��4!4 �����( 5�() 67 � 81�() ��   �� ��9� ����� �� ��� ��� �� � �() ;( ��4!4 ����� �� 
�� ��� �� ���*� -/��� ���!<�= ��$

 5�()>1�() ��   ��� �� ���, -/��� ���!<�= ��$ 5�() ���? 5��4!4 ����� �� 
��@ � '1�() ��   �� 
�� ��� �� �!� -/��� ���!<�= ��$

�� 5��4!4 ����� �() �� ��9� ����� �� ��� ��� �� � �().  

* Due to unfavorable environmental condition the disease was not observed in susceptible cultivar in Mazandaran 
and Varamin at the first and second year, respectively. Therefore, the data was not included in the analysis. 

**Numbers 1 to 6 show the number of lines did not germinate in the field: 1- in ERWYT-C lines, one line at second 
year in Gorgan, 2 and 3- in ARWYT-M lines, one line at second year in Gorgan, and two lines at first year in Moghan, 
4- in ARWYT-N lines, four lines at second year in Gorgan and 5 and 6- in ARWYT-R lines, two lines at second year in 
Gorgan and three lines in Moghan. 
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 ���� ����	
 ��
 ERWYT-C83 ��� ��
 ERWYT-M83 ��� ��
 ERWYT-N83�  

�� ��
  ARWYT-M83 ��� ��
 ARWYT-N83� 
� ��
 ARWYT-C83������ ��   ���

����� ���!"# �$"% �&�"� ���� �$ . '�& �� ��&�"� ��$ ��	(
) ���& �*��� ��) ,�-�/�$

012$"% (4 ���51� ��67 869 ��1:� ;�$"< =�/4 >%� �� ��)�?
�� ( � ��@? >�$"! �1?

 '�& ��	(
A B$��C� �D �?
�� >%� �� ���51� 0��D ��67 E�� 01F�� �1�$�� �*��� �� ��1? 

,�$� ��� ,���"# 8GD �����51H �1� �� =�/4 >%�  ����&$ ���� �1? �*��� ��$ �$ 0I�4 ���

���"-? ��J�� K�@&�:� �� � �G? ,�$� L1MGH.  

���/�  N��% �<� �$"� ;�$"< ��"HB. graminis f. sp. tritici � 
�� O��@/? 8��P� �����  
oc��Q 	
 K��I ���2 �� �1? ���51� �$"*�&$ �<�@? >�$"! ;�$"< ��$ �� �H��I �� � 8&$ 

�5? �"1# . �� �$�� 8��P� ��9� � ���� O��@/? �#�?��� O
�5�4$ �B$��?��� B��&$ �� �"��$ �$

�,�1# R�&�� ��� B��� ���/��? �� � $�� �� ��9�� 8��P� ��@5� �1? �1�$�� �� �   �$ ��?$�H

��<�� �&�"� ��$ �� ��$�� �2"� �� N��% �$"*�&$ E�� 0�$��.  

����� �&�"� '�& �� S���? T�5U� �$  �1�$�� � ���& �B�V� �B�#"# WP��� �� �$

 O���5U�(X� �$ �&�"� ���� WP��� ���5H �� �D ��
  Y�M�?$ �?��� �$���2"� ���2 8���*

�?���"# .��
 K�ZMG� �&�"� �$ 0I�4 S���? � ,�< Y�M�?$ ��� ����� ���  � �$

�?�M�# B� �$  '��9 �� ��(8&$ ,���"# [��  .�&�"� S���? �?�M�# ��� ��
 ���$� �$  ��  

%$"�!$ E�%�$ �$ ,��\�&$ �� O]@% �� ���51� 0��� N��% ^1H�H�_ S�_ �� ��?��� ,�< ���&��< �  

�`��1# ��4"� �� �D �$� B�G?  �@/? ���� �$( �$ ��
 (X ����$a? �$ �2"� "�$"� �� ��
   

�?��� E��*� ���51� 0��� N��% . ��
ARWYT-N83-8B� ��1? �D  SITE/ORL9127 ��  ��<��  

��$�9 �� 8@/? 8/?$�H  ,��5< ���	�  )��$�9 � B�V�   ,��5< ���( � A��  8���*� �1�$  

 ,��5< ��$�9 "�$"� �� �F� ���5?���� =�/4 B�#"#  .��
 ARWYT-C83-49 B� ��1? �D   

APPOLO/HIL 81A��  ��$�9 0��*� �� 8/?$�H �1? ��<��  ,��5< ���) � B�V� A �1�$�� 

��$�9 "��& "�$"� �� �F� ��� B�G? 8���*� ��� =�/4 �� . ,��5< ��
 �1�`5�ARWYT-

C83-69�D B� ��1?  APPOLO/90Zhong87��  ��$�9 �� 8@/? �<��  ���	 � B�V� ( �1�$�� 

��$�9 "��& "�$"� �� ��$ �E��*�  ��� =�/4 ��) '��9( .(  
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� �� ���� ������� � ��� ����  ��!  Blumeria graminis  

f.sp. tritici 	"� #���$ 	% &'
� (
�� �)*�� 	%�+
�)� 	% �� �,

�� � �-  

Table 3- Reaction of 39 elite and advanced lines of wheat to Blumeria graminis f.sp. tritici  

cause of powdery mildew of wheat, in field and green house conditions 

 Greenhouse assay with 5 
Pathotypes of Bgt  Field assay in 3 regions 

No         Line 1 2 3 4 5 Gorgan Moghan Mazandaran 

1 ARWYT-M83- 6 S S S S S MS R R 
2 ARWYTC83- 80 R S S S S R R R 
3 ARWYT-N83- 8 R S R R R MS R R 
4 ARWYT-N83-5 S S S S S MS R MS 
5 ARWYT-C83- 49 S S S R R R R MS 
6 ARWYT-M83- 49 S S S S S R MR R 
7 ARWYT-C83- 64 S S S S S R R R 
8 AR WYT-C83- 69 R S R S S R R R 
9 AR WYT-M83- 16 S S S S S MS R R 
10 AR WYT-C83- 78 S S R S S R R R 
11 AR WYT-C83- 57 S S S S S R R R 
12 AR WYT-M83- 19 S S S S S MS R R 
13 AR WYT-M83- 27 S S S S S MS R R 
14 AR WYT-M83- 26 S S S S S MS MR R 
15 AR WYT-M83- 18 S S S S S MS R R 
16 AR WYT-M83-43 S S S S S MS MR R 
17 AR WYT-M83- 17 S S S S S MS MR R 
18 AR WYT-N83- 59 S S S S S MS R R 
19 AR WYT-C83- 70 S S R S S MS R R 
20 AR WYT-N83- 35 S S S S S MS R R 
21 AR WYT-C83- 50 S S S S S MS R R 
22 AR WYT-C83- 56 S S S S S MS R R 
23 ER WYT-C83- 8 S S S S S MS R R 
24 ER WYT-C83- 13 S S S S S MS MR MS 
25 ER WYT-C83- 2 S S  S S MS MR R 
26 ER WYT-M83- 18 S S S S S MR R R 
27 ER WYT - M83- 1 S S S S S R R R 
28 ER WYT-M83- 14 S S S S S MS MR MS 
29 ER WYT-C83- 14 S S S S S R MR R 
30 ER WYT-M83- 19 S S S S S MR MS R 
31 AR WYT-C83- 24 S S S S S MS R  R 
32 ER WYT-N83- 13 S S S S S R R R 
33 AR WYT-C83- 25 S S S S S R R R 
34 AR WYT-C83- 26 S S S S S R R R 
35 AR WYT-C83- 34 S S S S S R MR R 
36 AR WYT-C83- 5 S S S S S MS R R 
37 AR WYT-C83- 15 S S S S S R R R 
38 AR WYT-C83- 3 S S S S S R MR R 
39 AR WYT-C83- 13 R S S S S R MS R 
40 CERCO (control) S S S S S S S S 
41 Bolani S S S S S S S S 

         ��
.� =R��
.� �/�+         =MR            0
1* �/�+ =  MS0
1*        = S 
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 "b�$ �� ���"# ,���G� �&��"� ��$ �� ��D ����  8@/? ���!"G1_ � �M� �1�$ ���

 �� �9�H �� � ,��� =�/4 �&�"� ���� WP��� �� E��# �:�& c�1\& ���51� 0��� ��

�� �H 8&$ E�
 B� d"�/# � ���51� 0��� N��% ���� O��@/? K$"11VH 8���*� e���� ��!�� ���� 

,�"�/# K�*1*:H ���51� ��$ �� E��*� E�%�$ �1F�H �� � �"1# K��I �"H .  

��
 ,�"�/# 81&�/4 Bf ��9� E�� ,���� B�G? �,�< �&�"� ���  8���*� ���

�`��1# � gF�� ,�1# � �$hB� �� "i �� ����_ c�1\& �� 8@/? ��  E�%�$ 8@/? B��� 
�� � �<��

 �� =�/4 "J? �$ ��$a? �� ���?"� �� ,��\�&$ ���� �j1�?f e���� B��� k&����? "-?�1� E��*�

�� E��# �:�& l�1\& �� 8���*� �<�� . ��U�$ �$"� 8I"! B��5? >�$"! k@& T�m�� ��$

�� ���51� d"�/# � 0��� N��% �� T��H ��< .�&�"� ��  ���)Imani et al. (2002 �$ �1� 


n %��$�9 � ���� ��� �$ "�G1� �&�"A�&�"� �� � ���<$� ��$����51� Bf   �� O$"12$ �� ����

 ��G� ;&�HRazavi et al. (2006) ),�G? "G��� S���?( �1? �8&$ ,���"# E�U?$X� %��$�9  ���

 �$ �1� �$�$� �&�"� ����	��?��� ��$����51� �����!  . ��$����51� �9�� B��� 
�� ��$"����

��$�9 ��� N��% �����
 � E�%�$ �� �� ��p "� �B$"�$ �� ���51� 0  �1? ,��\�&$ ���� ���

Bf  E��*� �� =�/4 E�%�$ 8@/? ��!� 
�� k9�� ��<�� ��<$� ��9� "7���� 8���*� ���  

8&$ ,�< .�H �&�"� �� B��� ��
 � E�%�$ 8���*� ��� "� �� �\��M� ���  ��$ �� E��# ���  

 k�q$ 8&$ ��!"# K��I ���51�,�< ,�$� L1MGH 8���*� �%�! �j1�?f e����  ��$ � �?$  

�&�"� �� S���?  ��G� �� B$"-�� ���)Karimi Jashni et al., 2005; Salari et al., 2002 a;  

Salari et al., 2002 b( ��$� 8*���� �1?.  

��
 ���$� �� �9�H ��  �� �?�M�# ;�$"< �� �&�"� ���� ���A 0��� N��% ^1H�H�_ 

1� ��
 ����5ARWYT-N-83-8B� ��1? �D SITE/ORL9127 ��   �� 8@/? 8/?$�H �<��

��$�9  ,��5< ���	 �(� ) � A���51� ��������! �� �9�H �� ���5? 8���*�   ,�< ��2��< ��$�

Bf ���5U� �$ 8���*� Bf ��p �� r� �� O
�5�4$ ��
 ��$ ���$�9 "�  ���Pm17 �Pm2+6 �

Pm2+4b+8 �Pm1+2+9 �Pm7 Bf ��   B�G? 8���*� ��$�9 "� �� 8@/? "-�� ��2��<�? ���

 ,��5< ��$�9 0��*� �� ��
 ��$ "-�� s"P �$ 8&$ ,�$�� �� �"��$ �$ ���� =�/4 B�#"# 

 ,��5< ��$�9 �j��$ �� �9�H����51� ��������! �%�! �1?  Bf ��� "� ��$� ���Pm3b, Pm2+6, 
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Pm2+4b+88&$ .$ ��9� '�5�4$ �$tF Bf �� 8&$ �\��� ��
 ��$ �� �� . O
�5�4$ ��U1�? ��

Bf  ���Pm17� Pm1+2+9  �Pm7  Bf �� �� "-�� ��2��<�? ���  ��
 ��$ 8���*� �� ��?$�H

��<�� 012� . ��
ARWYT-C83- 49 B� ��1? �D APPOLO / HIL 81A��   8/?$�H �1? ��<��

��$�9 0��*� ��  ���) � A �F� ��� B�G? 8���*� ��$�9 "��& "�$"� �� ��� =�/4 �� . ��$ ��

Bf ��9� '�5�4$ R1m�H  ���Pm3b �Pm6�Pm17 �Pm2+6 � Pm2+4b+8� Pm1+2+9  B� ��

Bf ��$ �$ r� "� B�1� �� � ��9� K��I �� $"�� 8&$ �\���  "�$"� �� ���
 ��$ �� ��

��$�9 ���51� ��������! �%�! �� ���� �1# 8���*� ���/� "7���� ��$��`� �� ,���G� �$ �< .

 Bf �� 8&$ �j5� �"��$ �$Pm17Bf ��  ��$�9 �� 8���*� ��"� �� "-�� ��2��<�? ���  ���) � 

A��<�� ,��� 012�  . ,��5< ��
 �1�`5�ARWYT-C83-69 B� ��1? �D APPOLO/90Zhong87 

�� ��$�9 �� 8@/? �<��  ���	 � (��$�9 "��& "�$"� �� ��$ �E��*�  � =�/4 ���� . ��$ ��$"����

Bf ���5H �%�! O
�5�4$ >%�  8���*� ���Pm3b �Pm6�Pm17 �Pm2+6 � Pm2+4b+8�Pm1+2+9 

�Pm7��
 �2"� �� ��  Bf �� � ,��� ����/� 8���*� k9�� O
�5�4$ u�! ���  ��2��<�? ���

��$�9 �� �"-��  ���	 � (8&$ ,��5? 8���*�  .Bf ��$ �$ �2"�  ������? Pm74"� ��  ��

�`��1# �5? B�1� 0��� ���� �$ �� B�1� ��C� 04$"� �� � �?�< �?�"# . 0��� ���� �2"� ��$

�`��1# ��4"� �� �� B�1� �$ �?�< (Heun & Friebe, 1990) . "� ��9� E�� �� � ��9� u]P$

Bf �$ r� B� B�1� v"! �� �8���*� ��� �`��1# ,��� �� ��  ��$ � 8&$ ��!"# K��I ��$

� T�m��d�� �$ ,��\�&$ � �� �F�jF�� ��� �&"� K�@i$ �� O]��� �?$�H .  

�&�"�  O$"12$ �D ����Razavi et al. (2006) ),�G? "G��� S���? ( ����$a? �� w�@H�$ ��

,�$� E�U?$ N��% ��$ �x�f�F���1! �� B�G? �?$  >%� �D ���APPOLO ����$a? k�q$ �� 8@/? 

8&$ E��*� B$"�$ �� N��% ��$ .$Bf B�1� 0I�4 8���*� ��  k1D"H 0��< �D B� 8���*� ���

 �?fPm2+4b+8 �� �8&$ �<�� .�� �"��$ �$  >%� ��2 ��1? �� �D ���%�$ �$ B$�HAPPOLO $� 

� 8���*� ��<$� K��I �� ��?�$�h �$ $� �?f k1�"H ��$ �� � ��5? ,��\�&$ ,��F� WP��� �� "i

 >%�APPOLO '�*�?$ '�Z:� "_ E�%�$ �� �$� . �1? ���_��$ �����GD k�q$ �� >%� ��$ 8���*�

 8&$ ,�1&� K�@i$ ��)Szunics & Szunics, 1999 .(  

�?f k1�"H '�*�?$ E�� 01F�� O
�5�4$ Pm2+4b+8 >%� �$APPOLO��
 ��   ���ARWYT-
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C83-49� ARWYT-C83-69��
 ��$ � ��$�9 "�$"� �� �� Bf �%�! ��� ���51� ���  "7���� ��$�

$,�"j? 8���*� ��U� �?$ . K�CF��� �� ,���_ ��$Persaud et al. (1994) �� ���"# ,���G� �1? 

 >%� �%]H �$ 0I�4 E�%�$ Tyler Bf ���4 Pm3a ��>%�OH470,��� ���t� Bf �%�! � �?$ . E�%�$

 ��59 �$ "-�� �%$"�!$Normandi �?f k1�"H ���4 Pm1+2+9  �Maris Hantsman ���4 

�?f k1�"H Pm2+6��$�9 �$ �2"� "�$"� �� �1?   B�G? 8���*� B$"�$ �� ���51� 0��� N��% ���

,�$�  �?$)Karimi Jashni et al., 2006(��$�9 �� 8&$ E�6\� ���� ��$ �   �%�! N��% ���

���51� ��������! Bf ��$ $tF � ,��� "7���� ��$� � 8���*� ��U�$ �� ��h���/� "i . 81*!��

"H ���4 E�%�$k1�  �?f ���Pm2+4b � Pm 2+6������ ��   ���Wang et al. (2005) �� �1? 

8&$ ,�1&� K�@i$ .� 8���*� ��"� �� �?f K�@1�"H ��$hB� �$ � �?"i ���?"� �� ��  ��U�$ ���

��5? ,��\�&$ B$�H �� E��# �:�& l�1\& �� E��*� E�%�$ (Imani et al., 2002) .  

�`��1# ,��� �� 81&�/4 ��9�  �$(������� �� �� ��
  ����� ���  "�$"� �� �$

��$�9  �� 8���*� �� 8&$ ��$ ,���� B�G? ��?��� E��*� E��# �:�& c�1\& 0��� N��% ���

�� '"��� "i$ rp�� Bf ��p ;&�H O
�5�4$ � ,��� gF�� ,�1# T�? �$ E�%�$ ��$ k�q$ ��< . ��

# E�U?$ ����� K�*1*:H gF�� ,�1# 8���*� ���� 8151& �� B�**:� �2"� � 8&$ ,���"

y?� ���� �� 8���*� Bf ��p ���4 gF�� ,�1# 8���*� �$ ,��\�&$ ��� "� $� �H�CF���  ���

,�$� E�U?$ E��# z"� � ��$�? �?$ ,�"� ��6�G1_ �  �� rp�� 8���*� Bf ��p �$ ,��\�&$ �� �?$

�� ���� �H ;&��� {�$�H 81���% ���*� ��$���_ k9�� �?$�H ��"# 8(Singh et al., 2001) .

Bf �%�! E�%�$ �� O
�5C� gF�� ,�1# 8���*� Bf �$ 0I�4 8���*� �� ���%�$ �� � ��I$ ���  ���

,�$� 8&� �$ $� ��2 ��I$ �� ,��� ��?$  ��<(Bennett, 1984) . �� 8@/? gF�� ,�1# 8���*�

�`��1# 8���*� �� "H�$���_ ��1/� �$ �<�� .���� |]I$ �2"� �$ ,��\�&$ �� ��5%]� �E��# B�#

^1H�?f �$ ����� �$�CH � ���/� gF�� ,�1# 8���*�  �� � ���&��< 8���*� T�? ��$ ���4 ���

�?$ ��!"# �$"% ,��\�&$ ���� �1? E��# E�%�$ |]I$(Yu et al., 2001)  . 

 ��9� �:�& c�1\& �� 8@/? E�%�$ �� �$���_ 8���*� ��U�$ �$"� ��j�$� ����p ��$�

Bf ���� E"� 0��< ��  8���*� ���(Vander Plank, 1984)��
 ��F�� �$ ,��\�&$ � Bf �� ��  ���

 K��\�� 8���*�(Browning & Frey, 1969) �� � gF�� ,�1# 8���*� �$�$� E�%�$ |]I$ � 
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8���*�(Shaner, 1973) slow mildewing ��  �<�� .� E�%�$ �16H � |]I$ ��$�<� 01F�� ��$ �

E"� �$ O
�5C� �gF�� ,�1# 8���*� Bf '�*�?$ � ���� �� ,��\�&$ 8���*� ��I$ ���  � ��"#

E"� �$"� �F�jF�� ���"���� �$ ,��\�&$ Bf ���� ��$��1�$ ��  ,���� ��9�� $� �"�G1� ���

8&$ (Liu et al., 2000). �`��1# 8���*� "� �1jH ��$  e�"& ��"� k9�� 8&$ �j5� �$

��$�9  ��� ��< ��I$ 8���*� ��� Bf �� "7���� ��$����51� ��������! ���4(Groth, 1976) .

�`��1# 8���*� ,$"5� �� gF�� ,�1# 8���*� �$ ,��\�&$ ��$"���� k&��� �$  �$"� ��j�$� ��"H

�� ���51� ��$ �� �$���_ 8���*� �� E��# E�%�$ |]I$ �<�� .�� B�G? �1? K�CF��� S���?  �� ���

 B�j�$Bf B��� ,$"5� $"5� �� ��I$ ��� Bf ,  ��9� ,�1# r� �� 8���*� ��"! "i$ rp�� ���

 ��$�(Wang et al., 2005) .�� K�:1m�H ��$ ��  �� O
�5�4$ �� ��5? B�1� B$�H(��
   

ARWYT-N83- 8�ARWYT-C83- 49  � ARWYT-C83- 69Bf ,�"# �� "� �  ��"! � ��I$ ���

 ��"� k9�� �� ��$� ��9��`��1# 8���*� 8&$ ,���"# gF�� ,�1# � �$ .�� ��6�G1_ $tF  ��<

����� ;�$"< 8:H >� �&�"� ��$ �� �D ���%�$ �� �?�M�# ;�$"< 8:H >� � �$  �$ �$

 ��$�� K�1I�Z2 "��& � �"x�5� "J? �$ S�$� ���UH E�%�$ �� �?��� �$���2"� ���2 8���*�

 >%� �1�`5� � �?�"# �/��*�APPOLO�� "�  =$"D '�Z:�"_ E�%�$ �� ��G#"� �%]H d

��< ,�$�.  

  

���������  

������1&� ,a�� K
�Z:� � 8G� ��-F$ "�!� }�Z2 �� ���1# K$�1F�H 8?��C� �$ 

 �����GD ��69 K�$��"� $� |"P ��$ �F�� 8��54 �� ,�6���<$�   K�/&�� �$ �1�`5� � �?$

 �t� � '�6? �16H � |]I$ � �j<�~��1# K�*1*:HP�2 ��|"P �$"9$ K�?�x�$ B��5? >�$"! " 

��% �� �?$� ��"#∗.  

                                                           
∗   �2�#2����2��32 : � ����                    ������!� "#��$� %�&'��� (�	��&� )���*� � ��+�, ��&	�- ��.��� )��*� %/�0� �&!

     ��#1 2���3 %��+- �4567���89:;:   (��*� %9<=<;             (����� />���+�� ������!� 6��� %(���� �?@ �&!� )��*� A(��	� %

   A(��	� %(��#?8)��*�        %(�B� %C����� (���� />���+� �����!� 6��� %/�D3 �?@�D3     A(��	� *� )���       6���� %/����� ��#�E 

 A(��	� %(���
>�� (���� />���+� �����!���-������!� "#��� %����� �&!� (��	� %F�� %�G� � � �*
 "�*� � HI3� .  
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