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 ��>+�? �?�@ A5+Panonychus citri (McGregor) (Acari: Tetranychidae)  )� ��7 BC�5? *� ��>+�? D0? ���	

��>+�?,�3E� � ,�0F ��G � (���*�+ AH .6E� ,��7� �J�K� (�6�	 L+ (��  M�H )� NF%? ��>+�? ���	 A�&' �!43? �7��K��

�!7!  )��H ��4�>C ,�5K�� M3�*  B�
�� M7� *� .6E� �!� 6�	 M7� �!O? ,��PC � 6?��
? (*�+�)�E �?�@ A5+ 6?��
? (��

 ��>+�?A#%K# 6�4KF *�0Q *� M�3�?�H	 AH@ �E*�H �*%? �!� (*���H ,���? M��4� (��H .6��� *��LC50  L��  R�H <�* )�

 ,���� 6�4KF *� 6?��
? ,���? <�* M7� *� A+ !� ���13E�48/6 �H��H � �S?�*19/6 (*�E � �H��H 11/5 �H��H  6�4KF )� �3"�H

�1J	 (��3SH%E )� ���13E� �H ()��3E� 6�J�4� LO5E .!� M��4� T�SU-�3H � ��3E� V�31#- ��3E� V�31# AH ,���� $��
? 6�4KF *�

 N����960/7 �575/3  T�SU 6�4KF )� �3"�H �H��H�%H �*�	�H .AO5E���  (��,%����%&� D7�#	 6�J�4� ,���? � ���35�E-T�-

 ���1� ��# )��1S#����54?  (*�� $��
? 6�4KF *� D7�#	 M7� 6�J�4� ,���? A+ (*%C AH ��� ,�"# 6�4KF *�0Q M�H79/2  �H��H

U 6�4KF T�S �7��
? � �%HKm  �Vmax (��3SH%E )� ���13E� �H 1-��&+-2�4-(� ) ,�5H��3�#CDNB( AH N����21/16 �33/5 

 M��4� T�SU 6�4KF )� �3"�H �H��H!� L
# �.#��H B�
�� M7� X7�3# �6?��
? �"7���� !#�* AH AF%� �H .D7�#	  � ()��3E� (��

,%����%&�-T�-5+ AH 6?��
? *� ()��1S#���A .!53S� M�3�?�H	 L+  
 
;=��  
� : 4��&��>+�? �?�@ A5+ �()��3E� 6�J�4� ����%&��,%-T�-)��1S#���$��
? �  
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$#4"#  

A#%� )� ��7 ��* �7) D0? (��  (AcariA5+ �  �?�@ (

 ���>+�?Panonychus citri (McGregor) (Acari: 

Tetranychidae) ) 6E�Gotoh et al., 2003; Pan et 

al., 2006; Vassiliou and Papadoulis, 2009 A+ (

 ,�0F [&3\? ]�
# � ,��7� *� ��>+�? D0? ���	 )� ��7

) �%� �? ^%S�?Arbabi et al., 1999A5?�� A#%� M7� .(  (

���3S� �#�H��? �? A+ A3��� (�  )� L�H AH ,�%�110 A#%�  (

���� ,�H��?,	 N&_� A3>J� A+ ��+ �*��� � !53S� ��>+�? ��

)Migeon and Dorkeld, 2010 �`� *� ��>+�? �?�@ A5+ .(

���� )� A7=P� AG�� � �%�? �a�H (  [&3\? $�@*� AH �>E (��

a�H (�* ,	 �!� � �!#�E* �*�SG ��>+�?  N���? AH ��

�%�? (�* �*�SG )� �3"�H A5+ �7�E !5#�? .6E� ��  (��

����AF*� *� 6�	 M7� �� a�H �7�* bcE *� Y�� (  (��

AG�� � �%�?) dJ�H  ��O7� e'�H � ���+ A7=P� (,�%F (��

A�J � V����? N7�\� ��!��"? VH�@ !�1E (�� 67�0# *� 

a�H <�7* �? �� ) �%�Jones and Parrella, 1984 .(

 �!� e'�H 6�	 M7� (f�H �*�SGA5+ )� �)��?� ��L+ (��

3? (�!43?���� AH B&4 &3\? �7��K�� (�� M7� Y�35+ (��H [

 ���13E� 6�	�%� (���*�+ AH .6�	L+ (��  (�*�� �7��K��

�? A&KF )� A+ 6E� (�!43? N7�4?  M3�* M�H )� AH ,�%�

�!7!  )��H ��4�>C ,�5K��  �!O? ,��PC � 6?��
? ( 6�	

�%K# �*��� . )� ,��7� Y�K� *�6�	L+ (��  Y�35+ (��H X7�*

��>+�? ���	 )� A&KF T%17�7� ��&+1,%��� �2,%57)�7� �3 �

M�3�?�H	4!7� %&+�!�K7� �56�K�S+���  M� �6 �

�-� �� %?��H7 �? ���13E� �%� )Arbabi, 2005 g( M7� A+

 hK+ �H ���	 M7� 6�4KF )� (��!4� �� �!� e'�H

                                                           
1. Chlorpyrifos 
2. Ethion 
3. Diazinon 
4. Abamectin 
5. Imidacloprid 
6. Fenpyroximate 
7. Bromopropylate 

*�+�)�E86?��
? (�� )� (��!4� AH �6�	 L+ ��(  �*%?

�
? ���13E� M�H *� .!#%� $�*�+�)�E6�	 AH 6?��
? (��-

L+ ��� AH V?�� ���*� D0? �K7�#	 ���� AED7�#	  (��

)��3E� V�S+%H�+9 )CESs) (Zhang et al., 2013 �(

,%����%&�-T�-)��1S#���10 )GSTs) (Niu et al., 2011� ( 

 $��+%3�E (��)�#i�S+�%#%?P45011 )Ding et al., 2013 (

�? �+ �*��� ,�%��.  )� �KE ��>�+�� (��U ��>+�? ,�3G*�

A&KF ��!�j%5 ��12  A7=P� (��H ��>+�? �?�@ A5+ A+ !53S�

,�3G*� M7� (�* DE D3S�E h7 !5?)��#  A3��"�  �7��)

D7�#	 )� (��!4� )� V�"3?  (��P450s D7�#	 �7�E �7  (��

DE �E*�H *� V�J� M�K� AH g6E� ��) )� ���13E� �H �!� $�O#� 

6k&_ (��  [&3\? !7�S+%�%H V�#��l�13 )PBO(  (�*

dJ�H � ���*f  A3��7 <*��  (��P. citri *Y�0# (�  (��

�5 �m �H-� �H AS7�
? *� ��>+�? !@��) �KE ��>�+��  A31�

�!�(� H()�!�S+� �K7�#	 D3S�E ,��+ Y�4���_ � � � a�?

��?  �7f�H)� A5+ !� <*��� ��>+�? (�* A3��7 <*��  (��

A+ V?��� �H M7� DE D3S�E  �7��)P450  ��.7� D7�#	  (��

DE  ��) ��>+�? �?�@ A5+ *� 6Jf��*�� )Takeyama et 

al., 2006 .( 

��i7� �H 6?��
? V?���  A&KF )� ���%F%? ���3#m (��

,m �#����� � 6�>J�_ ���!4�  �Vn?!�J%� ,���? �6?��
? (��

��i7� � 6�4KF �7�7%  ,	 L5+��  (����  *��@ ��`o� 6��

�? ) ����Anonymous, 1986 �H ��>+�? �?�@ A5+ .(

��i7� ��!4� �f�H Vn? !�J%� �7�#�%� M3��� V�>@ )� ���3#m (��

 VS# ��7)���lKE M�5pK� � Y�E *�  AH 6E� M�K? *��? (��

A5+ )� (��!4�L+ M7� AH AF%� �H .!��H �!� $��
? X7�* (��

 M3S#�� A+*�+�)�E (�� 67�7!? AH �#�7�� hK+ 6?��
?

���	 A5+ A�2%� �L+g��+ !��%G !7!F (��  *�M�'  �Y�U

                                                           
8. Mechanism 
9. Carboxyl esterase 
10. Glutathione-S-Transferase 
11. Cytochrome P450 monooxygenases 
12. Terpenoids 
13. Piperonyl Butoxide 



�� !&F ������ ���	 ��
�
8 �*�K� �3 Y�E �1397                                                                                                                                  33 

 

A57�� V�J� AH   f�H (��6>` � A4E%� �B�
�� �H ]�>�*� *� 

��"U A5+/L+ L+(!7!F (���!4� �� 6�	 L+  (��

 A+ (!7!F A#f�E�? *�)�H  �*��  !#%� ��#6E� D+ *��SH 

)Metcalf, 1980��H�5H .( M��4� M7*�+�)�E A5+ 6?��
? (��

A5+ AH ��>+�? �?�@L+(!�1? ��'-C� X7�* (��  (��H

6�	 M7� Y�35+ ��+ !��%G D����M�3�?*�	 .��1  (M�3�?�H	)

,%3+f ���� AH B&43? L� ����) h�&�E��+�? (��

IRAC2DS�#��*�����? )� A+ �!53S� (  (�+�G (��

Streptomyces avermitilis AH6E� �!?	 q��J )� � !#�

 (�*�� �7��K��16 A
&U (�*�� M�3�?*�	 .!53S� �#%3+f (

��i7���"U (��A5+ ��"+ 6E� �"+!��K# � �"+

)Bloomquist, 1993.( M�3�?�H	  Y�E *�1377  ,��7� *� �H

��*� ��*�O� $�#h?®3  6E� �!�E* 6>` AH

)Mosallanejad et al., 2002(�3�K>&�? � M�3�?�H	 .M4  *�

A5+ Y�35+ (��H �#����� AH �r�U Y�U *� ��%>�5'*�� (��

Y%s�? (*��SH�? ���13E� �� <*��� � !#%� AH ]%H�? (��

,	 6?��
? ) 6E� D+ ��van Leeuwen et al., 2009 )� .(

A5+ M7� A5+ Y�35+ (��H L+ *�.#) A5+ �i7� AH ��>+�? (��

�? ���13E� *%"+ Y�K� *� ��>+�?  �%�)Mosallanejad et 

al., 2002( .3�?�H	 �t�U Y�U *��M 6�	 )� ��7 L+ (��  �H

f�H u�s?  ��>+�? �?�@ A5+ Y�35+ *�6E� �*�� AH AF%� �H .

�!#)� ���%+ A5+ M7�  � �*!@J%��! Vn?f�H� vf�K3U� 

4KF�6�7�� � )�7M  AH 6�	 M7�6�	 L+ �!� $��
?¬!#� 

)Shen et al., 2017( .)� �C�� A4J�c? ,%5+�� �( ?) *��A5 

 AH ��>+�? �?�@ A5+ 6?��
?6�	 L+ (�� �*7X  Y�K� *�

� )� u!� .6E� �!"# $�O#� *%"+7M E*�H L��i �  L
#

,%����%&� � ��)��3E�-T�- *� ��)��1S#��5+ 6?��
? A �?�@

 ��>+�?6E� ��%H M�3�?�H	 AH.  

  

                                                           
1. Avermectin 
2. Insecticide resistance action committee 
3. Vertimec 
4. Milbemectin 

?�� � ��
#
� 

@�������  ��- # �#�) $%&  
� � '
(&�

�- ?���A 
� 

6�4KF  ,�3G*� )� 6�	 M7� 6?��
? AH w%�"? (��

��S5J�� �X#*�# $�@*�) ��%J	 ��>+�?5A#��37!? Y�
��  �  � (�

�#%G Y�
�� 6 � ((*�E � �S?�*) ,�*!#)�? ,�3E� *� �%F%? (

xKF (�� *!5H ,�3E�0�) ,���� y�H .!� (*�	  (��H �7��

A#%K#!U A+ !� ^�\3#� (*���H V@�3 DE Y�E *� *�H  ��� 

�?  ��>+�? ,�3G*� )� T�SU 6�4KF M�5pK� .!#!�

AC%�?) ,-�� ��."#�� *� �%F%? �!�"#�� (  $%&' (

A
H�E A+ (()*��"+ ( DE A5+ �H ��� xKF �!53��!# L+-

 .!� (*�	  

$%& ?���A  

6�4KF <*��  (��HA5+ (��   )� ���>+�? �?�@

Ap���� A7�  (�� X#�3�E (7 C. sinensis × C. trifoliata 

 X#*�# �Citrus aurantium L. Y�0# .!� ���13E�  )� ��

 w�G *� X#*�# *=H D�
3S? 6"+ � �!�"#�� �#�>_�H A#�\&�

A#�\&� z7��� *� <*��  .!#!� A�0�  (�?�) (�3±25 AF*�  

 6H%C* �T%�S&E10±60 6�4KF .!� $�O#� (!2*�  (��

AH A5+ [&3\? )� ��O? �*%2 Y�0# (�* D�  ���� <*��  ��

(*%C AH �!#!� 6�4KF ]-3G� ,��?� A+ [&3\? (��

.!��H A3��!# �%F�  

0.%� ���� �
#�-  
D� ME A5+ ()�E A�%H (�* ��  z7��� *� X#*�# (��

 (�?� ���."7�?)	1±25 AF*�   6H%C* �T%�S&E10±70 

 �7�5��* �*�� � !2*�16  � �7�5��* 6'�E8  6'�E

2 ��7*�� ��!4� A+ <�* M7!H g6��� �*%10 A5+  dJ�H (

A�%H �� (�* *�*�H  )� !4H � V
35? X#*�# (24  (�* )� 6'�E

A�%H xKF �� �? V
35? �.7� (�� A�%H AH � (*�	A�%H .!#!�-

D\� (��U (��D� (�� � !#!� V
35? 6"+ h@��� AH ME

                                                           
5. Valencia 
6. Blood Orange 
7. Citrange 
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 )� !4H ,�E M7!H14 A5+ )�* A�%H (�* ME D� dJ�H (�� �� 

V� 6+��) M�3�?�H	 6�KE ,���? M��4� (��H .!#!� ���r 

 ,%�Ef%?�� �,���� DE8/1  %ECM�3�?*�	 �1® 6S7) (

�O5E A+ !� $�O#� ��>+�? �?�@ A5+ dJ�H A&U�? (�* ��

,%?)	 V?��  ,%?)	 �H �!3H� .�%H �7�0# � ���?!
? (��

���!�? ���?!
? 6k&_ ( A5+ (�* �`|? (��  �?�@ (

� ��>+�?6k&_ � !� ��) M�K\ )� }  A+ �7��24  �6'�E

10-90 !#��+ ��O7� ��1&� !2*��  �*%? �7�0# ,%?)	 *�

�13E�6S7) ,%?)	 (��H .!53��� *��@ �� R�H )� �O5E

L�� 2  (,-�� ��."#�� *� �!� A3G�E � �U��C) ,���?)

 L�� 2/0 ± 5/1 �&�? �3#�E �H $��  (xH�?�3? !� ���13E�

)., 2009al et Tsagkarakou(.  ���!�? M��4� )� !4H

6k&_ *�0Q *� � 6k&_ X5  �H �7�0# ,%?)	 ��`|? (��

a�H )� *%k5? M7� (��H .6��� $�O#� *����  X#*�# (��

hS7�  ��4H� *� �7��9 �3#�E �3"  6KS@ � A�0� xH�?�3?

 (�* a�H(�3  u��r  .!#!� A3��=� ^%C�? A>5  (��U

hS7�  �H �!� A�0� (��6k&_ )� ���13E� �!� D���� (���  �H

 D�# �!? AH � �!� A3"_	 DE AH �L��  R�H )� ���13E�

 .!#!� (*�!0.# ~��� (�?� *� ,!� h"G (��H 6'�E

 ���H hS7� �� (�* }lE20 ���? A5+ �!'  h7 dJ�H (��

!� V
35? �)�*� L7�?)	 A�&+ VG�� �O5E 6S7) (��

 (�?�) *%��H%�#�1±25 AF*� �S&E ( 6H%C* �T%10±70 

 �7�5��* �*�� � !2*�16  � �7�5��* 6'�E8  6'�E

 .6��� $�O#� (��7*��  

�
#�- 0�
���1
�,  
� 

0�
���1 ��
#  

��1J%E�  $%�#%?	3�1J	 �-��3E� V�31#4 )-NAα�3H �(-

��3E� V�31#5 )β-NA%&H V5�%?��H �)��+%E �(6}7�� �7 �

                                                           
1. Avermectin 
2. Potter tower 
3. Ammonium persulfate 
4. α-Naphthyl acetate 
5. β-Naphthyl acetate 
6. Bromophenol blue 

!�?	 V7�+	8 }�H �!�?	 V7�+	9 �TEMED-� �M�S710 �

�!� ��U� ,%����%&�11 )GSH � (1- ��&+2�4 ,�5H��3�# (�12 

)CDNBw�? 6+�� )� (13  %&H 6E�� hK# � (,�KJ	)

*	*	14 �+%&� 6+�� )�15 .!� A�0� (��7�?	 *%"+)  

;��4��  ���  $.%���� � ��	
��  0+��%��  
�

�
��
�
��-��-���������  
�)�!#� (���  ,%����%&� D7�#	 6�J�4�-T�-S#��� �H )��1

��3SH%E )� ���13E�(��CDNB  �) ��U� ,%����%&�GSH (

) ,�*��K� � ��H�� <�* BH�c?Habig et al., 1974 �H (

 ��!4� A+ �*%2 M7� AH .!� $�O#� �����P� �+!#�25  A5+ *�

160  ��1S� ���H )� �3�J����?10 �&�? A37!�E�) *f%? 7 *� (

 (�?�4  AF*�T%�S&E  )� !4H � �7�#m%K� �!? AH ,	10 

 (�?� *� A
�@�4  AF*� 6'�E �H � T%�S&E10000  *� *��

 *�!
? ,	 )� !4H .!#!� m%�17�3#�E A
�@�15 ����?  )� �3�J

A#%K# h��Q VG�� �K7�#	 (  }lE � A3\7* ��7f� 6�&  (��

200  ]%&\? )� �3�J����?CDNB )1 �&�?  ,%����%&� � (*f%?

) ��1S����H *� �!� ���U�1/0  � *f%? A37!�E�7 ,	 AH (

 *!7* 6�& ����? )� ���13E� �H ^=F �����P� .!� A��t�

Awareness (Stat Fax 3200®)  �� � A
�@� X5  �!? AH

30 h7 A�#�`  R%? Y%C *� *�H340 �)�!#� �3?%#�# (���    .!#!�

�)�!#� (��HAO5E��� (���  6k&_ 6H�` *�!
? )� ���35�E (��

,%����%&�16 !
? � ��P3? *�CDNB  .!� ���13E� *�!
?Km  �

Vmax �)�!#� *���� AE *� �l7�� *���� $�# A&�E� AH  M��4� � (���

.!�  

  

                                                                                       
7. Tris 
8. Acrylamide 
9. Bis-acrylamide 
10. Glycine 
11. Reduced glutathione 
12. 1-Chloro-2,4-Dinitrobenzene 
13. Merck 
14. Fast Blue RR 
15. Fluka 
16. Glutathione 
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;��4��  ���  ������ ��	
�� 

 ��!4�50  *� A5+100  ���H �3�J����?1/0  ��1S� *f%?

 A37!�E�)7 (��U (01/0  ,%37��� !2*�X-100  *� � M.K�

15000  AH A
�@� *� *��? �!10  (�?� *� A
�@�4  AF*�

.!#!� m%�17�3#�E T%�S&E 6�J�4� ��)��3E� ���3�J�*!�� (��
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L#�%G )� ���13E�  ^=F6k&_�Y%31# [&3\? (�  A�0� �

(�*�!#�3E� �5�5?  � A>E��?���?A#%K# *� �%F%? M�Z���  , �
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 Ym �H )*%���3�J�5/7 <�* )� ���13E� �H !2*�  }7%7�

)Davis, 1964(  ,�7�F *�100  (�?� � 6J�4  AF*�
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) !� (*�!0.# 6'�E h7Kono and Tomita, 1992(  
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?�,�� 6?��
? *� 4KF�6�� 4KF AH 6>S#�6  �H �T�SU

AO5E��� 6?��
? ��#1  A>E��? .!� )� �!?	 6E� AH (�� ����

� ,%?)	$�# )� ���13E� �H �7��K��%�H (� *����SAS 9.1 

(2002) *� .!#!� V�&�� � A7�O� ����s� v-?�+ ��C NJ�@ 

���� M�.#��? AS7�
? (��H �+%� ,%?)	 )� Y�K3U� bcE *� ��

 (*�?	5.!� ���13E� %  
 
D�
��  

7) )� V2�U X7�3#6S �H ��>+�? �?�@ A5+ �O5E

 ��� ,�"# M�3�?�H	 A+ �3"�H ,���� 6�4KF *� 6?��
? bcE

 6>S# .6E� (*�E � �S?�* 6�4KF )� 6�4KF (��H 6?��
?

 N���� AH �S?�* � (*�E �,����48/6  �19/6  �11/5  �*�	�H

 ,���? .!�LC50 6�4KF �.7� �H AS7�
? *� 6�* 6�4KF  ��

402/24 �&�?  �3�J �H $���H A+ !� �*�	�H  T�E� M7�

M�7�   ,���? M7��LC50  Y�!F) ��� ,�"# �*1.(  

 ������ ��	
��  

KF ()��3E� 6�J�4� �E*�H6�4 (��  �H $��
? � T�SU

�1J	 (��3SH%E )� ���13E�- ��3E� V�31#)α-NA�3H �(- V�31#

) ��3E�β-NA�54? u-3G� �%F� �!5�� ,�"# ( bcE *� *��

5 (��3SH%E )� ���13E� �H %α-NA )37/131 =F �4 =df  �

0001/0 < P ( �β-NA )44/44 =F �3 =df  �0001/0 < P (

�54? u-3G� M�5pK� .6E� �� �� *� 6�4KF *�0Q M�H (*��

                                                           
1. Resistance Ratio= RR 
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 AH ]%H�? ()��3E� 6�J�4� M7��f�H � 6��� �%F� ��3SH%E

�%H ,���� 6�4KF� AH A+ (*%C AH�1J	 6�J�4� ,���? N����- 

 6�4KF M7� *� ()��3E� �3H �960/7  �575/3  6�4KF �H��H

�? 6�* Y�!F) !��H2.( 

  

 

 ������  
�4�
, �%&��A  
�
9	�  

�E*�H *�  �()��3E� Ym )*%���3�J�5  A+ !� 6>` *�%#

,���?  !#�H D+���E1 6�4KF *� 6�4KF )� �3"�H $��
? (��

) �%H T�SU V��1.( 

  
 

 Y�!F1- 6�4KF 6�H��  ��J�#	) ��>+�? �?�@ A5+ [&3\? (��Panonycus citriM�3�?�H	 �H �!� *�K�� (  
Table 1. Probit analysis of citrus red mite (Panonycus citri) treated with abamectin 

Resistance Ratio(RR) X2(df) Slop±SE LC50
a (95% confidence) Number Population 

---- 2.94(3) 2.34±0.45 24.4(17.27-33.89) 240 Rasht 
6.48(4.03-12.31) 2.01(3) 4.22±1.01 159.65(116.11-251.98) 240 Gorgan 
6.19(3.40-10.24) 1.11(3) 6.73±1.24 151.75(136.56-216.72) 240 Ramsar 
5.11(3.13-8.31) 0.59(3) 4.90±0.88 130.8(112.87-176.19) 240 Sari 

               a mg L-1 

 
 Y�!F2-  M�.#��?± �1J	 (����3SH%E) ()��3E� 6�J�4� *��4? (�cG- �3H � ��3E� V�31#- T� ,%����%&� � (��3E� V�31#- ()��1S#���

) ��>+�? �?�@ A5+ $��
? � T�SU (�� 6�4KFPanonycus citri(  
Table 2. The mean ± SE of esterase activity (α-naphthyl acetate and β-naphthyl acetate substrates) and 

glutathione-s-transfer in susceptible and resistant populations of Panonychus citri 
GST (CDNB) 

(µmol.min-1mg protein-1) 
±SE 

β-NA 
(µmol.min-1mg protein-1) 

±SE 

α-NA 
(µmol.min-1mg protein-1) 

±SE 
Population 

0.169±0.023b 0.205±0.037b 0.128±0.024c Rasht 
0.547±0.028a 0.733±0.054a 1.019±0.036a Gorgan 
0.302±0.035b 0.214±0.020b 0.219±0.040b Ramsar 
0.249±0.025b 0.656±0.049a 0.212±0.017b Sari 

Means with different letters in each column are significantly different at 5% level (Tuckey’s test) 
  

  
 V��1- �)6�4KF *� ()��3E� 6�J�4� $���%K7) ��>+�? �?�@ A5+ [&3\? (��Panonycus citri) 6�* :�Q AH 6E�* )� .(1 �(

) ,����2) �S?�* �(3) (*�E � (4(  
Figure 1. Zymogram of esterase activity in different populations of citrus red mite (Panonycus citri).  

From right to left: Rasht (1), Gorgan (2), Ramsar (3) and Sari (4) 
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,���� 6�4KF *� D7�#	 M7� 6�J�4� ,���? A+ ��� ,�"# 79/2 

 6E� T�SU 6�4KF )� �3"�H �H��H)63/30 =F �3 =df  �

0001/0 < P(  Y�!F)2�? ,�"# X7�3# .( 5�� 6�4KF A+ !

�54? u-3G� ,����  (*�?	 �k# )� �.7� 6�4KF AE �H (*��

 Y�!F) �*��2.(  

 *����$.%���� �
��
�
�� 0+���%��  
�-��-

���������  

,%����%&� D7�#	 �1�+ � �K+ �E*�H (��H-T�-

 ��k# �*%? 6�4KF *�0Q *� )��1S#���Km  �Vmax  M7�

 ���13E� �H D7�#	�5�5? )� �7%57f (��-�)�!#� w�H � (���

 �7��
? .!� AS7�
?Km �Vmax  �Vmax/Km  6�4KF *�0Q

 (��3SH%E �HCDNB  Y�!F *�3 ,�"# X7�3# .6E� �!?	-

�54? u-3G� �%F� �!5�� *� *��AO5E���  ���335�E (��

Vmax )76/13F= �3 df= �0016/0 P= � (Km )91/15F= �

3  df= �001/0 P=? 6�4KF *�0Q *� D7�#	 M7� ( �E*�H �*%

 *�!
? .6E�Km  ,���� 6�4KF21/16  )� �3"�H �H��H

 D7�#	 �1�+ ���1� �%F� �.#��H �?� M7� A+ �%H 6�* 6�4KF

 AH 6>S# $��
? 6�4KF *� ���3SH%E AH D7�#	 D+ V7�K� �

 *�!
? �M7��H ��-' .6E� T�SUVmax 
? 6�4KF *� $��

 ��3SH%E M7� (��H95/49 �&�?H A
�@� �H *f%? A+ !?	 6E� A

33/5 � �3"�H �H��H.6E� T�SU 6�4KF *� *%3+�� M7� )  

 
 Y�!F3-  M�.#��?± AO5E��� *��4? (�cG ,%����%&� D7�#	 ���35�E (��-T�- ��>+�? �?�@ A5+ �E*�H �*%? 6�4KF *�0Q )��1S#���

)Panonycus citri(  
Table 3. The mean ± SE of kinetic parameters of glutathione-s-transferase enzyme in four populations of 

Panonychus citri 
Vmax/Km Vmax (mM/min) Km (mM) Population 

106.935 ± 4.272a 9.356±0.902c 0.088±0.011c Rasht 
39.787 ±1.380c 25.23 ± 2.844b 0.64 ± 0.089b Gorgan 

58.218 2.  ±  172b 15.291± 0.562b 0.328±   0.02b Ramsar 

35.323 ± 1.923d 49.95  ±8.828a 1.427 ±  0.277a Sari 
Means with different letters in each column are significantly different at 5% level (Tuckey’s test) 

  

E5,  

 �*%? 6�4KF *�0Q M�H M�3�?�H	 AH 6?��
? �E*�H

T�SU 6�* 6�4KF A+ ��� ,�"# �E*�H  A5+ 6�4KF M7��

) ,���� 6�4KF � ��%H M�3�?�H	 AH ��>+�? �?�@48/6  �H��H

$��
? 4KF ,	 )� }  � (6�* 6�4KF )� ��6�  �S?�* (��

)19/6 6?��
? �H��H) (*�E � (11/5 ��
? �H��H6? (�*�� (

H A+ ��� ,�"# X7�3# .!#�%H N�+�� M7� AH 6?��
? bcE M7��f�

6?��
? M7� *�� D7�#	  � ()��3E� (��,%����%&�-T�-

)��1S#���  AH 6�E�SU L��+ V7f� )� ��7 !7�� g!#*�� L
#

 �?�@ A5+ (�* [&3\? $%KE )� ��7) *��SH ���13E� �M�3�?�H	

,�3E� *� ��>+�? ���	 �.7� � ��>+�? K� (�� *%"+ �J�

�E*�H ���C )� .!��H 6�4KF ��� ,�"# ��  (��Tetranychus 

urticae Koch (Acari: Tetranychidae)  M�3�?�H	 AH

���� ,�"# �* 6?��
? !�* AH �* !#�*  !#�)Memarizadeh et 

al., 2011b( . 

�  *�7L  6?��
?6�4KF A5+ [&3\? (�� M�*��A�J �� -

 AH (�3�?�H	��M M7���57�+	1� %+�)�5��7M2�  �7K�T%1 3?�V3  �

H��51764H ���3"7M  *�!
?LC50  ]%H�?3�?�H	 AH�M  *� �

 6�4KF�\&�A#(�  =6?��
? 6>S#)3822 (�H��H  .!� <*���

                                                           
1. Acrinathrin 
2. Fenazaquin 
3. Pirimiphos-methyl 
4. Bifenzate 
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 AH 6?��
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1. Diethyl maleate 
2. Isobutyl paraben 
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33/5 �3"�H �H��H �54? L7���� .�%H T�SU 6�4KF )� *��

 *�!
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? 6�4KF *�,%����%&� A+ !��-
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,%����%&�-T�-6�4KF *� )��1S#���  $��
? � T�SU (��
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M7�3?�3J�)4  *�!
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) !?	 6E� AH T�SU 6�4KF �H��HFragoso et al., 
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? *� .�%H ���K� )��1S#���NL-00 �

7�3E� *� M�3�?�H	 AH 6?��
? z7��� *� �&7)�H M
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3. Pyrethroid 
4. Deltamethrin 
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GST  �MFO  .�%H ���K� M�5pK� (���*�GST  �MFO 

 *� M�3�?�H	 AH 6?��
? *�T. urticae 6S7m�5�E zE%�  (��

PBO  �DEM o�) !� !�7Stumpf and Nauen, 2002( .
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Abstract 

Citrus red mite, Panonychus citri (McGregor) (Acari: Tetranychidae) is one of the most important pest 
of citrus in the citrus regions of the world and Northern provinces of Iran. Application of various 
chemical pesticides against citrus pests has destroyed natural enemies, the occurrence of resistance and 
the resurgence of the pests. In this research, resistance mechanisms of citrus red mite to abamectin were 
investigated in four populations. To determine the LC50, the spray potter tower method was used. In this 
method, the resistance level in Gorgan, Ramsar, and Sari populations was 6.48, 6.19 and 5.11 times 
higher than the susceptible population. The measurement of esterase activity in Gorgan's resistant 
population using α-naphthyl acetate and β-naphthyl acetate substrate was 7.960 and 3.575 times more 
than that of the susceptible population. Estimation of kinetic parameters and glutathione-s-transferase 
activity level using 1-chloro-2,4-dinitrobenzene (CDNB) as substrate also showed a significant difference 
between the four populations, so that the activity of this enzyme in resistance population was 2.79 fold 
higher than that of resistant population. Also, Km and Vmax in resistant population were 16.12 and 5.33 
fold than susceptible population, respectively. Due to the increasing trend of resistance, the results of this 
study indicated the role of esterase and glutathione-s-transferase enzymes in resistance mechanism to 
abamectin. 
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