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� ��%N �7��=�� ��. QB�!4� �7 T��  ��� ���c � ���� �7 �7 #%p�! ��0
 ).����( 

� �+34�/	� ).�/0'( 8�a6� A�/
. ��	��9 A,3  #V9�)!  �,VB�!4� �7  #V�	6 T��  A,V0vB7��  

��! � ��+]
 �=�7 �7+
 � \�^ ��7 ��J #'+
 �� SB��� 7�7/! ��! 8�a6� ��.  

80 �.����� 9�;14 <��=� $%#&� ���
 	+>
 ?@��2 � A�B��:  ̀ 3�/V'  ��/,VP �7 

#VVk'/3 ��VV� ��,VVB�!4� �7 �7 iVVp%! �6�VV!4 #VV�	6 T�� 7�7/VV^ � #VV�	6 8�7 ��+B/0VV� �7 #VV�  

��/
 �#=� \/a64 � l*B/' 7�+! ���/
 ��/U A�/
. ��/
 K���� 7��>' #=� � �l*B/' �7 

/� #k'/3 �c #'+
 
��+] ��7�]' _�z=6� � #� n/
 )�EB/B4 �6�	! � d�
( #
  �V!��� .��7 

�=3�J ��	b � 7��>' #=� � l*B/' 7+�+! �7 .�  ��� .��
 �7 /�6 E=�/
 E	�� j�=z! ����d 

K���� ��. �7 7�+! \/a64  �� 4� K�� �+' .74 �7 tp� #k'/3  ��  �7��=V��  �V�.  ��/,VP 

i�� ���� ��� �7 ��+' lJ 4� T�%=6� #
 #,	� ��+6�	� 4� /�6 7��>' \/a64 ���/
 �6��.  �V
 

#�+' #
 #<�B� �7�7  ��� A��
 ��!� �7 EB� #�P/! 4� {+6 �7�7   ��V�  �V�����  ��V67+
  �+V���
 

QB�)�� AU7 �B)a'  �l6�VB���  !�V�'� �7�7   �V�  /V
  m�V��  T+V!/� √x  SB�Vv' �7�7  �V6�B7/
 �  

l*� �
 �7��=�� 4� 8/6 ��)�� M-STATC� 7�+! #B)a' l6�B���  ��/VU  #V=�/
 �  E	56�V	! .�  �V�  

4� /�6 E=��7 s:=^�  �V�>! ��7  �V
  /5B�V<B  #V
 K��  EV<6�7  �V��/
  �6�V� )Bassiri, 1989;  

Little & Hills, 1991(.  

C0 ����. ����� ����D! )�� ������: #
 �+��! ���/
 �
7+Y� �Y��=P� #	Y�� ��g  ��� 

7�+! �7��=�� ��/
 A,3 #9�)! ��,B�!4� #6+�6 �B�� 4� EB� ��g �� SvU 4� A,3 #	0' � lJ 4� 

#6�+� ��7 �.�� �
7+Y� .�  �� #
 Q� m�/B� �+3I! 7�+!  �V��/
  ��/VU  AV�/
.  EVB�  rB�V=6 

.�,6 7�7 #3 �7+' ��g  ��� 7�+! 7��=��� ��/
 �A,3 �7 7�+! `U� �B/
� �  �V6+���!  V
  # XV	'/' 

����7 c�/c � ce/c �?�7 �
7+Y� #
 PVY �7+
 � #	%
 m�/B�  ��V�  7�+V!  �V��/
 ) S!�V� 

AlMV� PLRV� PVM� PVS � TSWV( �7 .� �� �
�B7� �B7/56.  

.�)	! �
7+Y� ��� ���/B� �7 �7 ip%! �6�!4 S!�� A
+6 T�� .�!)�� �
 {�/� ��g ��7 

)#�P/! #� ��� ��	
( � A
+6 8�7 lJ 4� A��7/
 �  /V
 ���  ��Vg  �V�  7�+V!  Qa�V�  ��/VU 

A�/
. �7 #�P/! #� ����� �7 /� #k'/3 �c #'+
 ��+]
  ��7�]V'  _�Vz=6� �  #V�  n/V
 



��� �������	 
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 �������� ���� ������� ��� ��� �� ������  ��� ���! "#�  

  

  

  �


)�EB/B4 �6�	! � d�
( .��7 #$	3 �6+�B�6 ��	b ��. #$	3  �� ����� ���I
 � �7 qB�/�  RV�^ 

#
 ��5,B�!4� S%=�! �6��. �7 ���/
  ��� lJ 4�  AV��7/
  /V
 ���  ��Vg   ��V� �7  .�VB�J  S]V� 

��9��4 4� /� #k'/3 �c ��g ��7�]' #	0' � lJ 4� #6�+�  ��7 .�� �  )vV�  .7/V3 �7  �#V6�z�
 

.�)	! 7+Y�
� ��� ���/B� .� �� !7�+ ��Qa U��/ A�/
.   

C0/0 ��66��! ��66�E� )Enzyme-linked immunosorbent assay-ELISA(: #VV6+�6 �VV� 4�   

/�6 �
7+Y�  #V
  m�/VB� m�  X	V�  �V�	!4 )Potato virus S-PVS(�  m�/VB� 8�  X	V�  �V�	!4   

)Potato virus M-PVM(�  m�/VB�  n/V
  �%V��U  X	V�  �V�	!4 )Potato leaf roll virus-PLRV(� 

m�/VVB� RVV	B�4+! #VVa6+B )Alfalfa mosaic virus-AlMV( � m�/VVB� ��� VV�X	 �VV�	!4   

)Potato virus Y-PVY( #
 K��  �B��6�V�  �B�V'�7  �)VBd� )double-antibody sandwich ELISA-

DAS ELISA( � �VV
 �VV��7��= 4� �VV=6� �7�VV
 ��VV� �?�]VV=^� 7�+VV! QB�VV!4� ��/VVU �VV�=�/
   

(Clark & Adams, 1977). �7 7�+! m�/B� ��� PLRV� PVM� PVS � PVY 4�  �V=6�  �7�V
  �V� � 

���� �7+Y� #	0' ��� 4� A3/� Bioreba )l	�+�( � �7  7�+V!  m�/VB� AlMV 4�  �V=6�   �7�V
 

#	0' ��� 4� A3/� Sanofi )#$6�/�( � Mv[ K�� �7�0�,	J A3/� ��64�� �A	3 �7��=�� ��. 

.�)	! _I� �+6 /� RB 4� R��b  �� �7  T+V[  �+V! ;ce  �/=!+6�V6 �c  #V%	U7  lVJ 4�  .7�)V�� 

T+�&! ��/=$
+� q�+' ��5=�7 �)Bd� ��B� T�! Multiscan 350 )�6:��(� �4��6�  �/V	
  �V�. �7 

/� R
�%,
 �)Bd� #
  .�+�9 ���� �`Y�� 4� ���]9 n/
 X	�  �V�	!4  ̀ Y�V� �  ���V9 4�  m�/VB� 

SU��P �7 Q� ��/<' �7��=�� ��. #6+�6 �B�� #3 .�)	! _I� R��b #[+
/! ���$! �B Q	
 

4� #� /
�/
 E	56�	! _I� R��b  ��� x+
/! #
 ����  ̀ Y�V�  ��V67+
  #V
    .�+V�9  #V6+�6  �7+VY� 

�
�B4�� �6��.  

C080 "#*�� $��B�� )� ���1��� )Polymerase chain reaction-PCR(: #
  S	Y7 A��g `3 

m�/B� �
7/!oJ  #V<Y ��  #V�+
  �V56/� )Tomato spotted wilt virus-TSWV( �7  X	V�  �V�	!4 

)Wilson, 1998(� 4� Q�3��  AV�+6��   ���7/V
  .�7/V
/
 )reverse transcription( �  l*V� PCR   

)RT-PCR( A0� �
�B7�  m�/VB� �7  X	V�  �V�	!4  �7��=V��  �V� )Cassie et al., 2000(. 
 �+Vp 

�#?:^ ��=
� ��..�.�� S3 )total RNA(  n/V
  X	V�  ��V�	!4  �V
  �7��=V�� 4�  T+V�&! RNX Plus 

)A3/� .���	� V .�/B�( � Mv[ K�� #	?+' ��� q�+' A3/� ��64�� ��/z=�� �B7/
.  
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 ��

��..�.�� S3 ���/z=�� �' .�!4 �7��=�� �7 ��!7 ec� #��7 �=6�� 7�/
 #56 ���7  �V�. 4� 

���/
4�g� #
 ��3 #=�� q�+' Cassie et al. (2000)� ��/
 �
�B7� m�/B� TSWV  �7��=V��  �V�. 

EB� ���/
4�g� �?�]=^� ��/
 /	|<' #	P�6 �� #
 T+[ 7��P �cc ��A 4�
 4� 8+6� m�/B� 

�
7/!oJ #<Y �� #�+
 �56/� �P�/[ � #
   ��V3  #V=�/
  ��V�  AV��.  #V
   .�+V�9  ���V�  AVv|! 4� 

��..�.�� ��/z=�� ��� 4� A��
  X	V�  �V�	!4  �7+VY�  #V
 TSWV )Pourrahim et al., 2001( �  #V
 

  .�+�9 ���� ���! 4� ��..�.�� A��
 X	� ��	!4  ̀ Y�V� �  ���V9 4�  m�/VB�  �7��=V�� /
 �VB7. 

.+!4� RT-PCR �7 �7 #�P/! 8�a6� ��. �7 /!P#� T�� �B #�P/! A^�� cDNA� ��=
�  #V
  /V� 

/<	!�_+	'� 2 /=	Y�/<	! 4� ��..�.�� S3 ���/z=�� �7 #�P/! �SvU e/� /=	Y�/<	! _�  ��V
�7 

/	p%' � RB /=	Y�/<	! 4� /
4�g� TSW2 )5’-gtttcactgtaatgttccatag-3’( �
 A��g 2c T+!+<	J 

7� /=	Y�/<	! #��h� ��. ��B+=&! _+	'�/<	! #
 ��! �c  #V%	U7 �7 �c  #V��7  �=6�V�  7�/V
 

#56  #=��7 ��� � #�?��:
 /
 ��� CB A�/
��/U. l*� #
 /�  _+V	'�/<	!  RVB  /V=	Y�/<	! 4� 

Rnase Inhibitor )unit/µl ;c(� ; /=	Y�/<	! 5x RT Buffer )S!�� 2ec ��	! �d+! Tris-HCl� pH 

/
�/
 �/� � 2ec ��	!  �d+! KCl� 2c ��	!   �d+V! MgCl2 � ec  �V�	!   �d+V! DTT(� 2  /V=	Y�/<	! 

DDT� 2 /VV=	Y�/<	! dNTPmix )mM �c( � RVVB /VV=	Y�/<	! `B)VV6� M-MuLV )unit/µl 2cc( 

#��h� ��. _+	'�/<	! #
 ��! �c #%	U7 �7 ��!7 ;2 #��7 �=6�� 7�/
 � l*� �c #%	U7 �7 

��VV!7 �c #VV��7 �=6�VV� �/VV
7 ��/VVU �7�7 �VV�. �7 #VV�P/! �8�7 #VV
 RVVB _+VV	'�/<	! ��VVB��  

e /VVV=	Y�/<	! 4� T+]VVV&! #VVV�P/! T�� )cDNA(� �; /VVV=	Y�/<	! _� ��VVV
�7 �/VVV	p%' e/2   

/VV=	Y�/<	! /��VV
 PCR 10x )S!�VV� ecc �VV�	! �d+VV! KCl� 2cc �VV�	! �d+VV! Tris-HCl �VV
 pH   

/VV
�/
 ;/�(� RVVB 	Y�/<	!VV=/ dNTPmix� VVBR /VV=	Y�/<	! 4� VV�/ RVVB 4� ��VV�/
4�g� TSW1   

)5’- tctggtagcattcaacttcaa-3’( � TSW2 � RB  /V=	Y�/<	!  ̀ B)V6� Taq DNA polymerase  #��Vh� 

��. #!�6/
 PCR #
  ��3 #=�� S!�� �e #^/b �
 qB�/� �; #��7 �=6�� 7�/
 
��� ;e �#	6�N ;e 

#��7 �=6�� 7�/
 #
  ��! ;e #	6�N � �2 #��7 �=6�� 7�/
 
��� �c N #V	6�  7+V
  #V3 �7  ��5=V�7 

/�<B��+!/' )�s���J� .��Y�( �/�� �B7/
. lJ 4�  8�V�'�  �Q�V3�� 4�  4�+V��/=<Y� �7 T�  4��V
� 

A0� �
�B4�� T+]&! PCR �7��=�� �� )Sambrook et al., 1989(. �7 #6+�6 ��� �7+Y� RB �6�
 

#
 �4��6� 7��P �cc A�� 4�
 7�+! ���=6� �7+
 4� EB�   �� �7 7�+! �6 #V6+   ��V�  7�+V!  �.+V!4� 
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  ���

�+0� �6�
 �7..�.�� �
 �4��6� �#
�,! #
  .�+�9 Q�3�� Av|! _+$&! ��� � #6+�6 #[+
/! �7+Y� 

�
�B4�� �B7/
.  

�!��' �7�7 ��� #�?�P 4� .+!4� �)Bd� � RT-PCR� /
  m�V��  T+V!/� √x+0.5   SB�Vv' �7�7 

�6�B7/
. #B)a' l6�B��� �7�7  ��� A��
   ��V!�  �V
  �7��=V�� 4�  8/V6   ��)V�� MSTAT-C �  #$VB�%! 

E	56�	! �� �
 .+!4� E<6�7 ��+? A�/
 )Bassiri, 1989; Little & Hills, 1991(.  

  

B�>�+ � H3.  

/0 ��IJ2 )����1�2 $�=�  "* �� "��* 9�;14 <��=�:  #VB)a'  l6�VB��� �7�7  ��V� 

S?�P 4� �
�B4�� A	>�� ��/,P �7  #V�  ��/V
  �#=V�  \/Va64 �  l*B/V' �7  #Vk'/3  V��� 

�,B�!4� �7 #�	6 7�7/^ � #�	6 �+B/0� T��  ��� ���c � ���� �7 #9�)! �,B�!4�  �+V34�/	� 

� .���� )T��� 2( .�,6 7�7 #3 �7 �!��' .� ��� l6�B��� �+=3�� ��?� ) ��V����	'  ̀ VU�( �7 

tp� RB �?�7 ��>! ��7 7+v6. #
  ���v9 �/5B7  E	V
 �7  ̀ VU�  �VB/
� �  ��V6+���! 4�  /V�6  ̀ 3�/V' 

��/,P �7 #k'/3  ��� �#[+
/! s:=^� ��>!  ���7 �7 tp� �%  ����,V!  �,V6.  �E	V�k��  /V
 

m��� EB� �rB�=6 l6�B��� �+=3�� �9/� )������	' �/,P Q3(� �7 tp� RB �?�7 ��>! ��7 

7+
. #
  ���v9 /5B7 E	
 `3�/' ��/,P �7 #k'/3 ��� x+
/! #
 ������	' j�=z! �/,P   �QV3 

s:=^� ��>!  ���7 �7 tp� %�  7+V��  AV��7.  rB�V=6  SV?�P 4�  #$VB�%!  E	56�V	!  AV	>�� 

��/,P �7 #� ��/
 �#=� \/a64 � �l*B/' �7 #k'/3 ��� �,B�!4� �7 #�	6  7�7/V^ �  #V�	6 

�+B/0� T��  ��� ���c � ���� �7 #9�)! �,B�!4� .�/0' �  .��V�� �7  T��V� �  #V����  ��V� 

A��. /
 EB� �m��� �7 #9�)! �,B�!4� ��0
 .���� � 6)	 �+34�/	� 4� �.�/0' �7 �/,P  QV3 

8�$3+=!�	' � �B�/J+�3��	�B� 4� /�6 Q��3 7��>' ��/,P )�#=� \/a64 �  l*B/V'( �7  /V� �7 

T�� QB�!4� � �7 /� �7 ip%! �6�!4 #�	6 7�7/^ � ��+B/0� ����7  �B���V3  �0
�,V!  �7+V
 � 

s:=^� ��>!  ���7 E	
 .�  �� ����,! �,6. #=vY� �/,P  Q3 3+=!�	'8�$ ����7 EB/=0
 /	NO'  7+V
. 

/� �7 �/,P Q3 	'�8�$3+=! � ��B�/J+�3��	�B� Av$6 #
 ����� ��=$6�+' 7��>' #=� �� �� `� �7 

SB��� S]� � `� �7 /^��� �.� �' 7��P � /
�/
 � 7��>' l*B/' �� �� �7 SB��� S]�  �V'  7��VP 

j]6 � �7 S]�/^��� �' RB �8+� Q��3 ���7 )�����7+�6 � �' �.( �/,P Q3  _��V<B7+	'  
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'()    *�)   ,��"�&����� -��"
=Tax  	"���.&/��	�
�� �=Im.  0��"1��&�� �=Tod.  0) �  =Con. (     34"����) �"5�6� ��

7�8 �&��9
 � ����: �
�� �� ;��9� � ;�	
#  !�#<>?@ � <>?<)  ;�A�
B� CD8�	E�� F.(  
Table 3- Comparison of mean number of aphid, leafhopper and thrips in each pesticide treatment 

subplot (Con: Water, Im: Imidacloprid, Tox: Thiamethoxam and Tod: Thiodicarb) in Hamadan and 

Tehran field trials at early Jun. and Sep. of 2001 and 2002 (P<0.01). 

Mean Number 

Thrips Leaf hoppers Aphids 

��	
 ��  

Pesticide 

�
�  

Month 

���  

Location  

10.37a 15.62a 7.50a1 Tox. 
12.37a 14.87a 7.87a Im. 
30.37b 39.50b 20.00b Tod. 
39.12c 55.12c 31.37c Con. 

����� ����  

Early June 

11.12a 21.87a 12.25a Tox. 
26.75b 22.75a 13.00a Im. 
59.25c 49.12b 34.00b Tod. 
86.87d 65.87c 49.87c Con. 

��� ������� 

Early Sep. 

�
��

�
�

 
�
�
�
	

  H
am

ad
an

 2
00

1 

6.25a 11.62a 7.62a Tox. 
9.00a 16.37b 9.37a Im. 

20.12b 41.25c 19.12b Tod. 
23.87b 50.12d 26.62c Con. 

����� ����  

Early June 

18.75a 16.12a 9.00a Tox. 
22.50a 21.00a 11.12a Im. 
52.75b 47.12b 25.75b Tod. 
69.37c 62.25c 47.12c Con. 

��� ������� 

Early Sep. 

 �
��

�
�

�
�
�
�

  H
am

ad
an

 2
00

2 

1.00a 2.00a 4.37a Tox. 
1.25a 2.00a 5.12a Im. 

1.62ab 4.75b 8.12ab Tod. 
2.25b 12.37c 14.50b Con. 

����� ����  

Early June 

12.00a 15.12a 9.50a Tox. 
17.37b 14.75a 10.37a Im. 
20.12c 23.25b 16.12b Tod. 
40.75d 29.87c 21.75c Con. 

������ ���� 

Early Sep. 

 �
�


��
�
�
�
	

  T
eh

ra
n 

20
01

 

1.00a 1.37a 1.87a Tox. 
1.37ab 2.12ab 2.12a Im. 
2.12bc 3.25bc 4.87b Tod. 
2.00c 11.87c 15.00c Con. 

����� ����  

Early June 

10.12a 8.62a 9.62a Tox. 
11.75a 11.25a 10.62a Im. 
27.00b 25.75b 16.50b Tod. 
40.37c 28.12b 21.75c Con. 

������ ���� 

Early Sep. 

 �
�


��
�
�
�



 T
eh

ra
n 

20
02

 

�� �� �����         	�
�� ��
� ���� ����� �� ����         ������ ����� ��� �� �� 	�!" #� ����     �$%&� �'!(� )*%+��     �$� ����

*���*� ���*��.  

1- Means followed by the same letter within columns at each sampling month are not significantly different. 
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Table 6- Comparison of mean number of AlMV, PLRV, PVM, PVS, PVY and TSWV infected 

potato plants in pesticide treatment subplots (Con: Water, Im: Imidacloprid, Tox: Thiamethoxam and 
Tod: Thiodicarb) in Hamadan and Tehran field trials at early Jun. and Sep. of 2001 and 2002 (P<0.01). 

Virus  

TSWV PVY PVS PVM PLRV AlMV  

��	
 ��  

Pesticide 

�
� 

Month 

��� 

Location 

0.37a 1.12a 0.62a 0.62a 0.50a 1.62a1
 Tox. 

0.50ab 1.37a 0.75a 0.87a 0.75ab 2.00ab Im. 
0.87ab 1.75ab 1.00a 1.12a 1.12b 2.50ab Tod. 
1.00b 2.25b 1.12a 1.37a 2.12c 2.87b Con. 

����� ����  

Early June 

0.62a 1.87a 1.00a 1.00a 1.00a 2.37a Tox. 
0.87a 2.00a 1.00a 1.25ab 0.87a 2.87a Im. 
1.62b 5.62b 1.62b 1.87bc 3.62b 6.37b Tod. 
1.75b 5.62b 1.87b 2.25c 4.62c 7.12b Con. 
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Early Sep. 
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0.25a 1.12a 1.12a 0.75a 0.62a 1.37a Tox. 
0.25a 1.62ab 1.37ab 0.87a 0.75a 1.62ab Im. 
0.75b 1.87bc 1.67ab 1.50b 2.00b 2.37bc Tod. 
0.87b 2.37c 1.87b 2.12b 2.37b 3.00c Con. 
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Early June 

0.37a 1.62a 1.50a 1.00a 0.87a 2.00a Tox. 
0.50ab 1.75a 1.50a 1.25a 0.87a 2.25a Im. 
1.00b 4.75b 2.37b 2.75b 4.00b 5.37b Tod. 
1.00b 5.75b 3.00b 3.25b 4.75b 6.12b Con. 
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0.50a 0.75a 0.75a 0.62a 0.62a 0.75a Tox. 
0.62a 0.87a 0.62a 0.75a 0.87a 0.87ab Im. 
1.50b 1.37b 1.12a 0.87ab 1.75b 1.37ab Tod. 
1.62b 1.75b 1.50a 1.37b 1.87b 1.75b Con. 
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Early June 

0.75a 1.25a 0.87a 1.00a 0.87a 1.25a Tox. 
1.00a 1.50a 1.12a 1.25ab 1.00a 1.50a Im. 
3.25b 3.62b 2.12b 1.87bc 3.25b 3.62b Tod. 
3.87c 4.25b 2.50b 2.25c 3.87b 4.25b Con. 
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0.37a 0.62a 0.50a 0.62a 0.50a 0.62a Tox. 
0.50ab 0.75a 0.75ab 0.75a 0.62a 0.75a Im. 
1.00b 1.00ab 1.12b 1.12ab 1.37b 1.00ab Tod. 
1.12b 1.50b 1.37b 1.37b 1.62b 1.50b Con. 
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Early June 

0.87a 1.00a 0.87a 0.87a 1.37a 1.00a Tox. 
1.12a 1.25a 1.25a 0.87a 1.37a 1.25a Im. 
1.87b 3.37b 2.12b 2.25b 3.12b 3.37b Tod. 
2.37b 3.87b 2.37b 2.62b 3.50b 3.87b Con. 
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*���*� ���*��.  

1- Means followed by the same letter within columns at each sampling month are not significantly different. 
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