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d�Ë��ÀÌ��ÉY�]�,d�Y|¿�ÃY�¼Å�Y��ÊeZ¨¸e�Ä¿Â³�pÌÅ��Z�u�dÌ ¼m��{�Ä¯�d�Ë��ÀÌ���Å�ÉZÅPBO�,DEF��ÁDEM��Ä]
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Abstract 
The tomato leaf miner Tuta absoluta (Meyrick) may pose a threat to both greenhouse and open-field 
tomato production. The aims of this study were: 1) to assess the susceptibility to deltamethrin of  
seven field populations of T. absoluta in Hamedan province, in comparison with susceptible strain. 2) 
to investigate the effects of synergists for testing possible mechanisms involved in resistance.  
Bioassays were done by leaf dipping method to determine the resistance level. Resistance ratios  
calculated varied from 1.9- to 21.6-times (compared with the susceptible population). In synergism 
tests, PBO, DEF, and DEM were used to determine whether metabolism was involved in deltamethrin 
resistance. Tomato leaves treated�with appropriate concentration of each synergist were fed to second 
instar larvae for 12 h. The concentrations of PBO, DEF, and DEM were 100, 100 and 120 mgL-1, 
respectively. These were the highest concentrations that caused no mortality in susceptible strain in 
preliminary tests. The cytochrome P450-dependent monooxygenase- inhibitor PBO significantly  
synergized the activity of deltamethrin in the three greenhouse populations (with the highest  
synergism ratio of 5.4). No significant synergism of deltamethrin toxicity was observed when larvae 
were pretreated with the esterase-inhibitor DEF, and the glutathione depleter DEM, as indicated by 
the overlap in the 95% CL for treatment with deltamethrin alone or with deltamethrin +DEF/ DEM.  
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ÄmÂ³�±�]��ÂÀÌ»�Ê´¿�§(Meyrich) (Lepidoptera: Gelechiidae)�Tuta absoluta��cZ§M�¾Ë�f¼Æ»��Y�Ê°Ë
ÄmÂ³�É{Z�f«YÊ»��Z¼��Ä]�½ZÆm���Y����{�Ê´¿�§�|ËM�(Desneux et al., 2010; Guedes & Picanco, 2012��

� µZ���{� �Z]�¾Ì·ÁY�ÉY�]� Ã��u�¾ËY�����½ZnËZ]�}M� ½Zf�Y� �Y���Y�³� ¹ÔËY� Á� ½Zf�{�¯� ,�Æ�Â]��b��Á�Ê]�£
|Ë{�³� �]ZË{��lËZf¿ÊÄ¿Zz¸³�d�¯�ª�ZÀ»��j¯Y�Ê³{Â·M� �Y�dËZ°u� ,ZÅÄ���»�Á�ÉYÄmÂ³�ÉY�d§M�¾ËY� Ä]�Ê´¿�§
� {�Y{�Baniameri & Cheraghian, 2011�� �� ÓZ]� Ê¸j»� |Ì·Âe�¶Ì�¿Zfa�� Ze���µZ�� �{� ¶�¿� �ÄmÂ³�±�]� �ÂÀÌ»�

d�Y�Ã{Â¼¿�¶Ë|^e�Ê¯Z¿��y�Ã��u�Ä]�Y��Ê´¿�§��ÄeÂ]ÄmÂ³�ÉZÅ�¶uY�»�Ê»Z¼e��{�Ê´¿�§Ä¸u�»��Y�,|���LZ�¿�É
|¿�Ì³� �Y�«�d§M� ¾ËY� Ä¸¼u� {�Â»�d�Y� ¾°¼»� ¶»Z¯� ÃZÌ³� Ze� �±�]� �Y� ÄË~¤e� �]� ÃÁÔ��d§M� ÉZÅÁ�Ó�ÃZÌ³�ÉZÅ

ÄmÂ³¶³� Ä]� ,Ê´¿�§Ä«Z�� Á� ÃÂÌ»� ,ZÅÊ»� {�YÁ�c�Z�y� �Ì¿� ÃZÌ³� ÉZÅ|¿�Z�� �ÄmÂ³�±�]� �ÂÀÌ»�c�Z�y�Ê´¿�§
Ê»�� |¿YÂe���� Ze����� {Â�� ¶»Z�� Y�� µÂ�v»� |��{�Oliveira et al., 2009�� �ÄÌ¸�� Ã��Z^»� Ê¸�Y� �Á�� �

T. absoluta,�Ã��u�cZ^Ì¯�e��Y� Ã{Z¨f�Y�¯�d�Y� �Ã��u�cZ^Ì¯�e�ÊËY�Z¯�dve�d§M�¾ËY� ÄÌ¸�� Ã��Z^»� �{��¯
ÄË~¤e� �Zf§�� ,¶»Z�� Á{� �ÌiPe�Á�� É|»M�Z¯Z¿� �Ì¿� Á� ZÅÁ�Ó� ÉYº�� ÉZÅ|]ZË� �ÅZ¯� d�Y� ¾°¼»� ,Ê�Za� �

�Lietti et al., 2005� ��� �{� �Y��Ì]� Ä]� ,Ê]ÂÀm�ÉZ°Ë�»M� Ä¬�À»�ÉZÅ�Â�¯� �Y�Ê� ]���º��d]Â¿�dÆm�Ê�Za
�d�Y� �ZÌ¿�d§M�¾ËY� µ�fÀ¯�Guedes & Picanco, 2012; Zlof & Suffert 2012� ���¾ÌÀq�Ê¸¼��|»ZÌa� Ä¿Z¨�Zf»

dÌ ¼m�¾Ì]��{�d»ÁZ¬»���f�³�,É{�°ËÁ�Ã{�f�³�¦Ì��Ä]�d§M�ÉZÅÃ��u��Y�ÉY�¯�Ê§��»�ÉZÅ�Ä¸¼m��Y
Z]�Z¯cZ»d�Y� Ã{Â]� ZÅ|ÌËÁ�e�ËZa� Á� Ã�¨�§� Ê·M� cZ^Ì¯�e� ,Ã�¸¯� Ê·M� cZ^Ì¯�e� ,ZÅ|ÌËÂÀÌeÂ°Ì¿ÂX¿� ,ZÅ� �

�Silva et al., 2011; Roditakis et al., 2013�� Ê���]� Äf^·Y�d»ÁZ¬»� �Z¯Á�Z�� �Â�y� �{� ZÅ� �
\�ÄmÂ³� ±�]� �ÂÀÌ»� Ã�aÃ��u� cZ^Ì¯�e� Ä]� Ê´¿�§µZ�� Ä]� {Á|v»� ZÆÀe� �¯�d�Y� Ã{Â]� �ÌyY� ÉZÅ� �
�Haddi et al., 2012; Reyes et al., 2012� ��Ã��u�Ä]�d^�¿�d»ÁZ¬»�ÉZÅ�Z¯Á�Z��¯�[~m��ÅZ¯�¶»Z��ZÅ

Ê»�¥|Å�ÃZ´ËZm�É�ZfyZ���ÌÌ¤e��Ì¿�Á�Ê¼Ë�¿M�ÄË�ne��ËY�§Y�,�§{��ËY�§Y�,Ê·Â°ÌeÂ¯|�Z]���ÉZÅ�Z¯Á�Z��¾Ì]��{
Ã��u� Ä]� d»ÁZ¬»�¯Ê�Z�fyY� 0Zf^�¿� ,¥|Å� ÃZ´ËZm�dÌ�Z�u� �{� �ÌÌ¤e� ,ZÅ��d»ÁZ¬»� Ä¯� Êe�Â�� �{�d�Y

ºË�¿M�dÌ·Z §�ÄnÌf¿��{�Ê°Ì·Â]Zf»�Y�½ÂÌeZeÂ¸³�Á�ZÅ�Y�f�Y�,Ã�Z¯|Àq��Y|Ì�¯Y�ÉZÅ���Ê»Â¼��,ZÅ�Y�¨�¿Y�e��Ã{Â]��e
Ã{�f�³�¦Ì��ÉY�]�ÁÃ��u�cZ^Ì¯�e��Y�ÉY�¯��d�Y�Ã|����Y�³�Mohan & Gujar, 2003�����z�»�Ã�Á�»Y

ÂmÁ�Ä]�¶»Z��{�YÂ»��f�Ì]� �{�Ä¯�d�Y� Ã|�ºË�¿M�dÌ·Z §� ,d»ÁZ¬»� Ã|¿�ÁM{º��ÉZÅ�{� Y{��mdÌ ¼�¹ÁZ¬»�ÉZÅ
�d�Y�Ã{Â]�Kang et al., 2006; Wang et al., 2010���d�Ë��ÀÌ��®¼¯�Z]Ê»�ZÅ�®Ë��Å��¬¿��Â�y��{�½YÂe
ÃÁ�³� �YÄ¿Â³�d»ÁZ¬»� �{� Ê¼Ë�¿M� ÉZÅd§M� cZ^Ì¯�e� Ä]� d§M� ÉZÅ�¯�d§ZË� d�{� É|À¼���Y� É|ÅYÂ�� Ä]� ,

�-., 2012; Afzal & Shad 2015; Askariet alIshtiaq ., 2010; et alMalekmohammadi , 2007; .et alAhmad 

Saryazdi et al., 2015� ��ÃÁ�³� Ê^�¿� d·Zy{� Ã|ÀÅ{� ½Z�¿� º�Ë��ÀÌ�� w�¿��½ÂÌeZeÂ¸³� Ê¼Ë�¿M� ÉZÅ� �
�Y���Êa�¹Á�¯ÂfÌ��Ä]�Äf�]YÁ�ÉZÅ�Z¿�Ì�¯YÂ¿Â»�Á�ZÅ�Y�f�Y�,ZÅ�Y�¨�¿Y�e�����dÌ ¼m��ËY|Ìa��{�Ä]�¹ÁZ¬»�ÉZÅ

d§M�cZ^Ì¯�ed�Y��¯��Ä���»�ÄËÂ��®Ë�º�Ë��ÀÌ��w�¿�½{Â]��f³��]�,�m�»��Z�u�ÄËÂ��®Ë�Z]�Ä�ËZ¬»��{�ÉY
Ê»�Z¯Á�Z�� �iÂ»� d·Zy{� ÉY�]� É�ZÌ »� |¿YÂeº�� ÉZÅ�d§M� Ê°Ì·Â]Zf»� ÊËY{��|�Z]� �¯� �¾Ë�fÆ]� {�YÂ»� �j¯Y� �{

Ä�ËZ¬»�Ê���]�,d»ÁZ¬»��Z¯Á�Z���Ìz�e�dÆm�[Zzf¿YY{�ÉYÃ{�ËZ»�M��Y�¶�Zu�ÉZÅ��ZÀ¯��{�Êf�Ë��ÀÌ��ÉZÅ
Ã{Y{d§M�Ê �Z¬e�d»ÁZ¬»�ÉÂ´·Y��Y�Ã|»M�d�|]�ÉZÅd§M�cZ^Ì¯�e��ËZ��Z]���¿�{�Â»��¯d�Y��¯���É|Ì¸¯�Äf°¿

d�Ë��ÀÌ�� �Y� Ã{Z¨f�Y� �{ÃÁ�³� �ZÆ»� dÆm� Ê�Z�fyY� cZ^Ì¯�e� �Y� Ã{Z¨f�Y� ,ZÅ�{ZnËY� �{� �Ì³�{� Ê¼Ë�¿M� ÉZÅ
d�Y�d»ÁZ¬»��Z���Äf^·Y½Z°»Y�Ä�Ì¼Å�¶�Y�¾ËY�dË�,d�Ì¿��Ë~aPBO�Ê���]�ª^��Ä¯�d�Y�Êf�Ë��ÀÌ��¹Zn¿Y�ÉZÅ
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Êa�¹Á�¯ÂfÌ��Ä]�Äf�]YÁ�ÉZÅ�Z¿�Ì�¯YÂÀ»�Ê¼Ë�¿M�ÃÁ�³�Á{��Å��ZÆ»�ÊËZ¿YÂe�Ã|��������ZÅ�Y|Ì�¯YY���Y��ZÅ�Y�f�Y�Á
Ê»�Y�Y{�|�Z]�Young et al., 2006; Gunning et al., 1999�.���YDEF�ZÆ»�½YÂÀ��Ä]�,�Ê¼Ë�¿M�ÃÁ�³�s��»�Ã|ÀÀ¯

Ê»�Ã{Z¨f�Y�ZÅ�Y�f�Y�{Â��Sanchez- Arroyo et al., 2001� ���Y�½ÂÌeZeÂ¸³�ÉY�]�½ÂÀ¯Ze����Ã|ÀÀ¯�ZÆ»� ,�Y�¨�¿Y�e
Ê���]��{�Äf^·Y�d�Y�Ã|�¿���Y�³�,|�Z]�½ÂÌeZeÂ¸³��Ë���É�Z�� Y|m�Ä]��{Z«�Ä¯�Ê�Z�fyY�µÂ¼ »��Â��Ä]�ZÅ

�Y�½ÂÌeZeÂ¸³�dÌ·Z §��ZÆ»�dÆm���¨�¿�e��Y�ZÅ�Y�DEM�Ê»�Ã{Z¨f�Y{Â�.�,ZÅ�Y�f�Y �Y�½ÂÌeZeÂ¸³���Y�¨�¿Y�e�ZÅ
�Z¿�Ì�¯YÂÀ»�ÁÊa�¹Á�¯ÂfÌ��Ä]�Äf�]YÁ�ÉZÅ������Ê»��Ê·Â°ÌeÂ¯�}Â¨¿��ÅZ¯�ZË�º�Ì·Â]Zf»��ËY�§Y�ªË����Y�|À¿YÂe

ÄÀÌ»�d»ÁZ¬»� É�dÌ ¼md§M� Ä]� cZ§M� ÉZÅ��¯�� |¿�Z�� ºÅY�§� Y�� Ê§��»� ÉZÅ�Riskallah, 1983; Ishaaya 

1993�.��Ìa� {�YÂ»� �Y�Êy�]� �{dÌ ¼m��Z¼Ìed�Ë��ÀÌ�� Z]� ¹ÁZ¬»�ÉZÅ�PBO�ÊÀ »��ÅZ¯�cZ^Ì¯�e�dÌ¼���Y{
Ã��u�d�¸£��ÅZ¯� ÄnÌf¿� �{� Á� Ê·Â°ÌeÂ¯� }Â¨¿� �Y�d ¿Z¼»� Ê�ÅZ¯� ¾ÌÀq�¶Ì·{� ,d�Y� Äf�Y{� Êa� �{� Y���¯
Ã��u�¯Ä¿Â³�½|]�¶yY{��{� ZÅd�Y� Ã|��½YÂÀ��,d§M�ÉZÅ� �Y�Ê���]�lËZf¿���Âe�Ã|��¹Zn¿�Martin et al. 

(1997��Ìa� �ÌiPe��Â�y� �{dÌ ¼m� �Z¼Ìe�� ¹ÁZ¬»� ÉZÅ Heliotis virescens (Lepidoptera: Noctuidae)�Z]�
PBO�� �Y|¿Z�¿� ¾Ë�f»�bÌ�� �Â�u� �{�radiolabeled cypermethrin�ÊÀ »� �ÅZ¯� ,��Y� ¾Ë�f»�bÌ�� }Â¨¿� �Y{

d�Y� Ã{Â¼¿� |ÌËPe� Y�� µÂ°ÌeÂ¯� �¿Y� ªÌ¬ve�lËZf¿� ��Âe� Ã|�� ¹Zn�Aizoun et al. (2014�Ã{Y{� |ÌËPe� �{� �Ì¿�ÉZÅ
ÊÀ »� �ÅZ¯� �Y� Ê¯Zu� ,©Â§� ªÌ¬ve½Z�¿� ¾Ë�f»�bÌ�� }Â¨¿� �Y{�Ìa� Ä��YÁ� Ä]� �Y{lÀa� ¾�� ÉZÅÁ�Ó� �Z¼Ìe� �

Anopheles gambiae��Z]PBO�d�Y�Ã{Â]� �½Â»�M�lËZf¿��Ì�¨e��{�¾ËY�]ZÀ]��Ì¿�Äf°¿�¾ËY�Ä]�|ËZ]�Ê¼�Ë��ÀÌ��ÉZÅ
{Â¼¿� ÄmÂe� �d�Ë��ÀÌ�� Ä¯� ÊËZn¿M� �YÊ»� ZÅÃ��u� }Â¨¿� ÉÁ�� |À¿YÂe�¯�ÄÌ�Âe� ,|À�Z]� �iÂ»� ½|]� ¶yY{� Ä]� ZÅ

Ê»�½Â»�M��{�Ä¯�{Â�Ã��u�Ê �Â»�É�Ì³�Y�«�¶v»�,Ê¼�Ë��ÀÌ��ÉZÅ�Ã��u�½|]�t���ÉÁ��d�Ë��ÀÌ��Á��¯
|�Z]�cÁZ¨f»��d�Ë��ÀÌ��Ê°Ì·Â]Zf»�Ì£�cY�iY�c�Â��¾ËY��{�|Ì���|ÅYÂy�¶«Y|u�Ä]�ZÅ�Aizoun et al., 2014���

d�Ë��ÀÌ��cY�iY� Ã�ËÁ� Ä]� ZÅPiperonyl butoxide �(PBO)d§M� }Â¨¿� ½Y�Ì»� ÉÁ�� ,�¯��{� ZÆ¿M� �Y� Ã{Z¨f�Y� ,ZÅ
d�Y�ÄfyZ��ÄmYÂ»�dË{Á|v»�Z]�Y��Ä���»��ËY����(Thomas et al., 1996; Martin et al., 1997�� 

�Zf·Á�µZ¿Z¯� �{� Ä¸yY|»�ªË��� �Y�É|ÌËÁ�e�ËZa�cZ^Ì¯�e��±�»�h�Z]� ,½M�Ê°ÌfÀÌ¯� {�°¸¼���ÌÌ¤e� Á�ºË|�
Ä¿Â³Ê»�d§M�ÉZÅ�|¿{�³�Goldin, 2003; Soderlund & Knipple, 2003� ���É|ÌËÁ�e�ËZa�\Ì¯�e�®Ë�¾Ë�f»Zf·{

µZ¿Z¯�ÉÁ��Ê³|ÀÀ¯�ZÆ»��iY� Z]� ,�Ì�Á�¦Ì�½Á�¿�½Â�¯M��{�ºË|��Ä]��Z�u��Zf·Á�ÉZÅ�¥|Å�cY{ÂmÂ»�ÉZÅ
d�Y��¨¿�,É|ÀËY�§�¾ÌÀq�ÄnÌf¿½ÂË�Ä]�d^�¿�Ê^���µÂ¸��c|»�Ê¿ÓÂ��É�Ë~a}Â�{ZnËY�½M�µZ^¿{�Ä]�Á�ºË|��ÉZÅ

{Â]�|ÅYÂy�Ã|¿��{ÂmÂ»�±�»�dËZÆ¿��{�Á�Ã|¿Â���Y�°e�Ê^���½ZË�m����Y�³�¾Ì·ÁY�d»ÁZ¬»��Â�y��{�ZÅ
ÄmÂ³� ±�]� �ÂÀÌ»cZ¨�§Â¿Z³�Y� Ä]� Ê´¿�§d�Y� Ã{Â]� ¾Ìf¿Y�M� �b�� Á� ¶Ë��]� ,Ê¸Ì�� �Y� ZÅ|ÌËÁ�e�ËZa� Á� ZÅ� �

�Lietti et al., 2005; Siqueira et al., 2000 a,b; Siqueira et al., 2001; Reyes et al., 2012� ����Y� Ã�Á�»Y
Ã��u�dÌ�Zy�,�Ë����iY�½Âr¼Å�ÊeZÌ�Â�y�½{Â]� Y�Y{�¶Ì·{�Ä]�É|ÌËÁ�e�ËZa�cZ^Ì¯�e�º¯�dÌ¼��Á�ÓZ]�Ê�¯

ÃÁ�³� ÄÌ¸�� Ã{�f�³� �Â�� Ä]� ,½Y�Y|¿Zf�a� ÉY�]� Ä¸¼m� �Y� cZ§M� ¦¸fz»� ÉZÅTuta absoluta�Ê»� Ã{Z¨f�Y�{Â�
�Gontijo et al., 2013; Reyes et al., 2012; Rinkevich et al., 2013; Silva et al., 2011� ���cZ^Ì¯�e�d^i

�ÄÌ¸�� {�]�Z¯�dÆm� ,¶Ë��]� �{�É|ÌËÁ�e�ËZaT. absoluta��µZ��Ä]�����Ê»�]�É{ÔÌ»{{�³� ��{�Â»�¾Ì·ÁY���Y�³
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µÁ|m����¼m�¶v»ÊËZÌ§Y�¤m�cZ�fz»�Á�É�ÁM dÌ ¼m�ÉZÅT. absoluta���
Table 1.  Collection sites and map coordinates of the T. absoluta assayed  
populations. 

    Population Location Crop Coordinate 

Field population 1 Hamedan-Asadabad Tomato/ field E 48° 07´. N34° 44´ 

Field population 2 Hamedan-Bahar Tomato/ field E 48° 26´. N34° 53´ 

Field population 3 Hamedan-Famenin Tomato/ field E 48° 58´. N35° 06´ 

Field population 4 Hamedan-Hamedan Tomato/ field E 48° 30´. N34° 48´ 

Field population 5 Hamedan-Maryanaj Tomato/ field E 48° 27´. N34° 49´ 

Field population 6 Hamedan-Nahavand Tomato/ field E 48° 22´. N34° 11´ 

Field population 7 Hamedan-Razan Tomato/ field E 49° 02´. N35° 23´ 

��
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Fig. 1. Map showing collection sites for tomato leaf miner, T. absoluta populations. 
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ÃÁ�³�º¯�d»ÁZ¬»�ÉY�Y{�ÉZÅ�dÌ ¼mÄ���»�ÉZÅ�ÉY��Á���ÃÁ�³�Á���Âf»�d»ÁZ¬»�ÉY�Y{�ÉZÅ�dÌ ¼m�ÉZÅ��
�Á���Á���|Àf§�³��Y�«� 

 
µÁ|m���dÌ ¼m� ¹Á{� ¾�� ÉZÅÁ�Ó� ÄÌ¸�� ¾Ë�f»Zf·{� dÌ¼�Ä���»� Á� �Z�u� ÊÅZ´�ËZ»�M� ÉZÅÉY� �

T. absoluta 
Table 2. Toxicity of deltamethrin to second instar larvae of laboratory susceptible and 
field populations of� T. absoluta. 

Population n a dfb Slope (SE) 
LC50  

(95% CLC) (ppm) ÷2d 
RRe  

(95% CLC) 

Susceptible 250 4 3.08 (0.28) 
70.27 

 (64.09-79.96) 1.75 
- 

Field population 1 250 4 4.47 (0.30) 
134.38  

(122.36- 148.02) 
4.26 

1.88 
 (1.73- 2.06) 

Field population 2 250 4 4.30 (0.25) 
220.92  

(199.10- 247.00) 
5.85 

3.11 
 (2.85- 3.39) 

Field population 3 250 4 5.76 (0.33) 431.74  
(399.61- 469.14) 

3.87 6.07 
 (5.59- 6.59) 

Field population 4 250 4 7.86 (0.57) 
723.23 

 (693.80- 755.68) 4.76 
10.16 

 (9.38- 11) 

Field population 5 250 4 8.25 (0.48) 
1226.81 

 (1199.91- 1255.88) 
4.50 

17.23 
 (1.73- 2.06) 

Field population 6 250 4 10.59 (0.61) 
1495.144 

 (1431.91- 1565.84) 
5.74 

21.06 
 (19.47- 22.77) 

Field population7 250 4 3.91 (0.30) 1536.47  
(1507.30- 1567.93) 

4.24 21.58 
 (19.94- 23.35) 

a The number of larvae used in each bioassay.   
b Degree of freedom. 
c CL, confidence interval limit. 
d ÷2  represents Chi-square goodness-of-fit test. 
RRe, Resistance Ratio, LC50 of resistant population/ LC50 of susceptible strain. 

 
d�Ë��ÀÌ��½Â»�MZÅ��
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�d�Ë��ÀÌ�PBO�ÊÀ »�c�Â��Ä]dÌ ¼m��{�Y��d»ÁZ¬»�w�¿�d�¿YÂe�É�Y{Ä���»�ÉZÅ�ÉY��,���Á����Y�\Ìe�e�Ä]
������Ä]������]Y�]��µ{Z »�º�Ë��ÀÌ��w�¿������Y�,������Ä]������]Y�]��µ{Z »�º�Ë��ÀÌ��w�¿�������Y�Á
�����]� Ä����� �]Y�]�� µ{Z »� º�Ë��ÀÌ�� w�¿���� �|Å{��ÅZ¯� ���{� Ã|�� Ã|ÅZ�»�cZ¨¸e��ËY�§Y� Ä°¿M� µZu

�{Á|u��{��Z�u�dÌ ¼m����Ê]�É�Z»M��¿��Y�Á��]Y�]d�Y�Ã{Â]�ÊÀ »� ��d�|]�º�Ë��ÀÌ��w�¿�½{Â]��f³��]
dÌ ¼m�ÉY�]�Ã|»MÄ���»�ÉZÅ�ÉY��,��Á���Ìa�c�Â���{��Z�u�dÌ ¼m�Z]�Ä�ËZ¬»��{��Z¼Ìe�Z]PBOÊ»�,��|¿YÂe

Â¿Â»��iÂ»��¬¿�Ã|ÀÅ{�½Z�¿Êa�¹Á�¯ÂfÌ��Ä]�Äf�]YÁ�ÉZÅ�Z¿�Ì�¯Y�����dÌ¼���{|�Z]�¾Ë�f»Zf·{�ÊËY{�����
 

µÁ|m�����dÌ ¼m� ¹Á{� ¾�� ÉZÅÁ�Ó� ÄÌ¸�� ¾Ë�f»Zf·{� dÌ¼�Á� �Z�u� ÊÅZ´�ËZ»�M� ÉZÅ�Ä���»ÉY� �
�T. absoluta�Á��Â�u��{ d�Ë��ÀÌ���Â�u�¹|�ZÅ� 

Table 3. Toxicity of deltamethrin to second instar larvae of laboratory susceptible and field 
populations of T. absoluta with and without synergists. 

Population na dfb Synergist Slope (SE) 
LC50 

 (95% CLC) (ppm) ÷2d 
SRe  

 (95% CLC) 

Susceptible 250 4 - 3.08 (0.28) 70.27  
(64.09-79.96) 

1.75 - 

 250 4 PBO 2.97 (0.27) 
68.61 

 (64.25- 74.44) 
5.18 

1.04  
(0.93- 1.15) 

 250 4 DEF 5.34 (0.30) 
56.64  

(51.93- 62.28) 
4.35 

1.25 
 (1.15- 1.36) 

 250 4 DEM 3.21 (0.27) 65.06 
 (61.41- 69.66) 

4.17 1.09 
 (0.99- 1.21) 

Field population 5 250 4 - 8.25 (0.48) 
1226.81 

 (1199.91- 1255.88) 
4.50 - 

 250 4 PBO 3.78 (0.24) 
225.48 

 (197.50- 261.89) 
3.67 

5.44 
 (5.16- 1.36) 

 250 4 DEF 6.23 (0.36) 915.62 
 (838.82- 1014.61) 

4.23 1.34 
 (1.29- 1.39) 

 250 4 DEM 8.45 (0.81) 
1193.72 

 (1171.19- 1214.63) 4.07 
1.04 

 (1.01- 1.07) 

Field population 6 250 4 - 10.59 (0.61) 
1495.144  

(1431.91- 1565.84) 
5.74 - 

 250 4 PBO 4.7 (0.32) 
332.05 

 (300.90- 358.21) 
4.43 

4.51 
 (4.30- 4.73) 

 250 4 DEF 10.96 (0.36) 1187.88 
 (1168.14- 1207.59) 

3.87 1.26  
(1.23- 1.29) 

 250 4 DEM 6.37 (0.54) 1418.10  
(1378.85- 1456.34) 

3.65 1.06 
 (1- 1.09) 

Field population 7 250 4 - 3.91 (0.30) 
1536.47 

 (1507.30- 1567.93) 
4.24 - 

 250 4 PBO 3.46 (0.31) 565.79  
(531.65- 612.35) 

3.21 2.72 
 (2.52- 2.92) 

 250 4 DEF 5.46 (0.35) 
957.99 

 (876.46- 1074.08) 3.74 
1.60  

(1.54- 1.67) 

 250 4 DEM 7.49 (0.55) 1509.29 
 (1443.99- 1584.84) 

4.67 1.02 
 (0.99- 1.05) 

a The number of larvae used in each bioassay.   
b Degree of freedom 
c CL, confidence interval limit. 
d ÷2  represents Chi-square goodness-of-fit test. 
e  SR, Synergist Ratio, LC50 without synergist / LC50 with synergist. 

Êa�Á� º�Ì·Â]Zf»� �{� ,Ê»Á�Á�°Ì»� ÉZÅ�Z¿�Ì�¯YÂ¿Â»� Ã|�� ÄfyZÀ�� Ã|¿�Y{�Z]� ½YÂÀ�� Ä]� ,|ËZ�¯ÂeÂ]� ¶Ì¿Á�a
º��Ã��u� cZ^Ì¯�e� �Y� É�ZÌ�]� ÊËY{�� {�Y{� Ã|Æ��]� É�iR»� �¬¿� �¯�Feyereisen, 1999; Hemingway & 
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Ranson, 2000�.��½{�¯� Ä§Z�Y� ,½Z�ZÀ��Z¯� ÄÌ�Âe� ,{�Y{� {ÂmÁ� ZÅ|ÌËÁ�e�ËZa� Ä]�d»ÁZ¬»� ½Z°»Y� Ä¯�É{�YÂ»� �{
PBO� �Ã��u�½ÂÌ�ÓÂ»�§�Ä]�¯º��dÌ·Z §� �Y�É�Ì³Â¸m�¥|Å�Z]� ZÅ��ËY�§Y� ÄnÌf¿� �{�Á� ZÅ�Z¿�Ì�¯YÂÀ»�ÊËY{�

d§M�ÊËY�Z¯�¯�Ê»�|�Z]�Romero et al., 2009� ��Zed�Ë��ÀÌ���Y� Ã{Z¨f�Y� ½ÂÀ¯�¶Ì·{� Ä]� Ä���»��ËY����{� ZÅ
dÌ ¼m�d»ÁZ¬»dÌ¬§Â»�½Y|Àq�,ZÆ¿M�Ä]�d^�¿�d§M�ÉZÅd�Y�Ã{Â^¿��Ì»M��Êa��Y�µZu�¾Ì���{�|ËZ�¯ÂeÂ]�¶Ì¿Á�a

Ã��u�Z]�ÃY�¼Å�Ã|ÀÀ¯�|Ë|�e�Ê°¼¯�Ã{Z»�®Ë�½YÂÀ��Ä]�¯Ì¸��Ã��Z^»��{�|ÌËÁ�e�ËZa�Á�cZ¨�§Â¿Z³�Y�ÉZÅ�cZ§M�Ä
Ê»�Ã{Z¨f�Y�É�Z^¿Y�{Â��Ardley, 1976; Bengston, et al., 1983; Samson et al., 1990; Daglish et al., 1995���
d§M� Ä]�d»ÁZ¬»�¯Ê»� ZÅÊa� ¹Á�¯ÂfÌ�� Ä]� Äf�]YÁ� ÉZÅ�Z¿�Ì�¯YÂÀ»� �Y� Êy�]� ½ZÌ]� ½Y�Ì»� �ÌÌ¤e� Z]� |¿YÂe�����  

�Liu & Scott, 1998; Kasai et al., 2000; Pridgeon et al., 2003� �Á� �½M� �^e� Ä]� Á�É�ZfyZ��cY�ÌÌ¤e� Z]� ZË
� |�Z]� ÃY�¼Å�Ê¼Ë�¿M� ÃÁ�³�¾ËY�Ê°ÌfÌ·ZeZ¯�dÌ·Z §��ËY�§Y�Zhu & Snodgrass, 2003� ���cY�iY� Ä ·Z�»� ,¾ËY�]ZÀ]

� Êf�Ë��ÀÌ�PBO�Ã��u�ÉÁ��¯¾�Á�� �Zv·� Ä]� ºÅ� ZÅ�Êa� ¹Á�¯ÂfÌ�� ÉZÅ�Z¿�Ì�¯YÂÀ»��¬¿� ½|���������{
Ã��u�Ä]�d»ÁZ¬»�¯Ã��u�Ê�z]�iY��ËY�§Y��Zv·�Ä]� ºÅ� Á� ZÅ�¯Ä¿Â³�µ�fÀ¯� �{� ZÅ��Â�y�Ä]�d§M�ÉZÅ

Ã��u�¯{Â]�|ÅYÂy��Y{�Ây�]�Ê�Zy�dÌ¼ÅY��Y�É|ÌËÁ�e�ËZa�Á�cZ¨�§Â¿Z³�Y�ÃÁ�³�ÉZÅ �Kasai et al., 1998; 

Wu et al., 1998�� Ê���]Êa�¹Á�¯ÂfÌ��Ä]�Äf�]YÁ�ÉZÅ�Z¿�Ì�¯YÂ¿Â»��¬¿�Ê¸^«�ÉZÅ�������{��Y�É�ZÌ�]�d»ÁZ¬»
Ä¿Â³�[YÂzfy���Z��½Âr¼Å�d§M�ÉZÅCimex lectularius L.,��Romero et al., 2009���Ê]ÂÀm�Ê´¿Zy�Ä�a�,

Culex quinquefasciatus Say��Thomas et al., 1991��{���\e�Ä�a�,Aedes aegypt (L.)��Rodriguez et al., 

2014; Kumar et al., 2002��,cÔ£�Ä¿Y{�®�Â� �Rhyzopertha dominica (F.)��Dittrich et al., 1990��¹�¯�,
� Ä^Àa� É��»� �YÂz³�]Spodoptera littoralis (Boisduval)��Ahmad et al., 2007��|À¤q� �YÂz³�]� ¹�¯� ,�|À«

Spodoptera exigua (Huebner)��Ishtiaq et al., 2012�� Ä^Àa� {Â·M� {�M�®�b�� ,Phenacoccus solenopsis 

Tinsley��Saddiq et al., 2016��ÄmÂ³�±�]��ÂÀÌ»�Á�Ê´¿�§T. absoluta��Silva et al., 2015����Y��¾Ë�f»Zf·{�Ä]
d�Y�Ã{Â¼¿�|ÌËPe���ªÌ¬ve�lËZf¿�Sauphanor et al. (1997��¾��ÉZÅÁ�Ó�d»ÁZ¬»��Z¯Á�Z��dyZÀ��¥|Å�Z]��Ì¿
\Ì��¹�¯�ºnÀa Cydia pomonella L. �¾¼��½Á�Á�À]Â¸¨Ë{�Á�¾Ë�f»Zf·{�Ä]ÃÁ�³��¬¿�|ÌËPe�ZÅ�Y�f�Y�Ê¼Ë�¿M�ÉZÅ

�d»ÁZ¬»��{�Ã�Z¯�|Àq�ÉZÅ�Y|Ì�¯Y�ÁC.  pomonella ��Ê¼�Ë��ÀÌ��cY�iY��{�cÁZ¨e�{ÂmÁ�d¸��,¾Ë�f»Zf·{�Ä]
� {�]�Z¯� � ¾Ì]PBO��� {�]�Z¯� Á� ÊËZÆÀe� Ä]PBO� �� Z]� ÃY�¼ÅDEF�ÄËÂ�� �{�dÌ·Z §��ËY�§Y� ÄnÌf¿� Y�� ¹ÁZ¬»� ÉZÅ

·Â»��Ë����Ì·Á�|ÌÅ�ZË�Á�ZÅ�Y�f�YµÂ°d�Y�Ã{Â¼¿�Ê§� »�Ã�Z¯�|Àq�ÉZÅ�Y|Ì�¯Y���Âe�¾Ë�f»Zf·{�ÉZÅ���ªÌ¬ve��{
Ê«Z]�d»ÁZ¬»�,��Zu�Z]��Z¼Ìe��Y��a�Ã|¿Z»PBO��¬¿�|ÌËPe�¾¼��,PBO�Ê»�½Z�¿�,¾Ë�f»Zf·{�Ä]�d»ÁZ¬»��{�|Å{

Ê�¯YÂÀ»� Ä¯Êa� ¹Á�¯ÂfÌ�� Ä]� Äf�]YÁ� ÉZÅ�Z¿������dÌ ¼m� d»ÁZ¬»� ¶»Z�� ZÆÀe�Ê���]� {�Â»� ÉZÅ� �
·{� Ä]d�Y� Ã{Â^¿� ¾Ë�f»Zf� �Ê���]� �Y� ¶�Zu� lËZf¿��Y� �Ì£� É�´Ë{� ÉZÅ�Z¯Á�Z�� �¬¿� �Ì¿� Ê¸^«� ÉZÅ� �

Êa� ¹Á�¯ÂfÌ�� Ä]� Äf�]YÁ� ÉZÅ�Z¿�Ì�¯YÂÀ»������ºË|�� µZ¿Z¯� ¥|Å� ÃZ´ËZm� dÌ�Z�u� �ÅZ¯� �Ì�¿� �
�decreased target site sensitivity of voltage- gated sodium channel� �kdr��Â°ÌeÂ¯�}Â¨¿��ÅZ¯�ZË�Ê·�pen��

d�Y�Ã{Â¼¿�|ÌËPe�Y��¾Ë�f»Zf·{�Ä]�d»ÁZ¬»��{�� 

� d�Ë��ÀÌ�DEF�dÌ·Z §� �{Ä¯Â¸]� Ê°ÌfÌ·Á�|ÌÅ� ÉZÅºË�¿M� Ã|ÀÀ¯�{�Y{� �¬¿� É�Y�f�Y� ÉZÅ� �
�Jao & Casida, 1974� ��dÌ ¼m�d»ÁZ¬»�w�¿��ÅZ¯�½Y�Ì»Ä���»�ÉZÅ�ÉY��,���Á���Ìa�c�Â���{�Z]� �Z¼Ìe

�d�Ë��ÀÌ�DEF���Y�c�Z^��\Ìe�e�Ä]������Ä]������]Y�]��µ{Z »�º�Ë��ÀÌ��w�¿������Y� ,������Ä]����
��]Y�]��µ{Z »�º�Ë��ÀÌ��w�¿���� ��Y�Á������Ä]�������]Y�]��µ{Z »�º�Ë��ÀÌ��w�¿�����{Â]���dÌ ¼m��{

�cY�iY� �Ì¿��Z�uDEF�dÌ ¼m� Ä]Z�»� Á��z�»�cZ¨¸e��ËY�§Y� �{� {Â]� ¹ÁZ¬»�ÉZÅ�Ì��w�¿� º�Ë��À���(��
Ä]� ,¾ËY�]ZÀ]�º�� �{� ZÅ�Y�f�Y� �Y~³�ÌiPe��¬¿� º£�dÌ ¼m� �{� ¾Ë�f»Zf·{� ÊËY{�Ä���»� ¹ÁZ¬»� Á��Z�u�ÉZÅ�,ÉY
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Ê¼¿� ZÅ�Y�f�Y�d»ÁZ¬»� �{� �iÂ»�¶»Z��®Ë�½YÂÀ�� Ä]� |À¿YÂeT. absoluta�Ã��u� Ä]�¯ �|À�Z]�s��»�¾Ë�f»Zf·{.�
Ê���]Å�Y�f�Y�½ZÌ]��ËY�§Y�Ä¯�d�Y�Ã{Y{�½Z�¿�ZÅÄ¿Â³��Y�Êy�]��{�Z�d»ÁZ¬»��Y�Ê¼¯�Nf^�¿�sÂ���cY��u�ÉZÅ

Ê»� Y�� ZÅ|ÌËÁ�e�ËZa� Ä]�� |�Z]� Äf�Y{� µZ^¿{� Ä]� |¿YÂe�Li et al., 2007�� � Ã|À�¯�d�¸£��ÅZ¯��� �dÌ ¼m�ÉZÅ
Ä���»�ÉY�d�Ë��ÀÌ��Z]�Ã|���Z¼ÌeDEMÄ���»�dÌ ¼m�ÉY�]�½Y�Ì»�¾Ë�f�Ì]��{�Á��ÌqZ¿�,�ÉY����Y���������Ä]
������ � µ{Z »� º�Ë��ÀÌ�� w�¿� Z]����|Ì��� d^i� Ä]� É�]Y�]� �Ê»� �Â¼n»� �{��¬¿� Ä¯� d§�³� ÄnÌf¿� ½YÂe
º��ÃÁ�³�d·Zy{�Z]�Ê°Ì·Â]Zf»�ÊËY{��Y�½ÂÌeZeÂ¸³�Á�ZÅ�Y�f�Y�Ê¼Ë�¿M�ÉZÅ��dÌ ¼m�d»ÁZ¬»��{�ZÅ�Y�¨�¿�e�ÉZÅ

Ä���»ÉY�T. absoluta�Ê]�Á�¦Ì �� ,¾Ë�f»Zf·{� Ä]d�Y� Ã{Â]�dÌ¼ÅY� �lËZf¿�¥Ôy�]��Ê���]� �{� ,��Zu�ªÌ¬ve
����Âe�Ã|��¹Zn¿Y�Silva et al. (2015�ÊÀ »��Z^e�Y�Ê¼Ë�¿M�ºf�Ì��dÌ·Z §�½Y�Ì»��Y{GST��Ä]�d»ÁZ¬»�t���Z]

�¾Ë�f»Zf·{�Á�¾Ë�f»�a��Ã|À�¯�d�¸£��Ë{Z¬»�����d�Ë���{ÊnÀ��{�ÉZÅ��|Ë{�³�|ÌËZe�x�Za��Ä¿Â³��ËZ���{ZÅ,�
�¬¿�GST� Ä¯� d�Y� ½M� �]� �Â�e� Á� d�Y� Ã|Ì��¿� cZ^iY� Ä]� ZÅ|ÌËÁ�e�ËZa� ºÌ¬f�»� º�Ì·Â]Zf»� �{� ZÅGST�,ZÅ
Ã��u��¯ÃÁ�³� �ËZ�� ��Âe� ½|�� Ã�Ì·Â]Zf»� ½Z»�� Ze� Y�� É|ÌËÁ�e�ËZa� ÉZÅÊ»� �Â�v»� Ê¼Ë�¿M� ÉZÅ�|¿�Z�

�Kostaropoulos et al., 2001; Vontaz, et al., 2001����Y�®Ë��Å��¬¿�½|��¾�Á��dÆm�Äf^·Y���{�ÓZ]�½Z°»Y�Á{
\��d»ÁZ¬»ÄmÂ³�±�]��ÂÀÌ»�Ã�aÊ���]�Ä]�,É|ÌËÁ�e�ËZa�cZ^Ì¯�e�Ä]�Ê´¿�§d�Y��ZÌ¿�É�f�Ì]�ÉZÅ���
Ê���]ÃÁ�³��¬¿��Â�y��{�ZÅÄmÂ³�±�]��ÂÀÌ»�d»ÁZ¬»��{�Ê¼Ë�¿M�ÉZÅd§M�cZ^Ì¯�e�Ä]�Ê´¿�§��¯

d�Y� Ã{Â]� {Á|v».�dÌ ¼m� Ê·Z¼fuY� d»ÁZ¬»� �Z¯Á�Z�� dyZÀ�� ¥|Å� Z]� Ä ·Z�»� ®Ë� �{Ä���»� ÉZÅÉY� �
T. absoluta�Ã��u�Ä]� ,{Y�ÂÀÌb�Y��¯Reyes et al. (2012)�Ä���»�dÌ ¼m�lÀa�dÌ�Z�u�½Y�Ì»�¾ÌÌ e�¾¼��ÉY

ÃÁ�³� dÌ·Z §� ,¹Á{� ¾�� ÉZÅÁ�Ó� �Y� �Z�u� ÄËÂ�� ®Ë� ÃY�¼Å� Ä]|Àq� ÉZÅ�Y|Ì�¯Y� Ê¼Ë�¿M� ÉZÅÃ�Z¯� �
�mixed function oxidases, MFO��Y� ½ÂÌeZeÂ¸³� ,��� ZÅ�Y�¨�¿�e�glutathione-S-transferase, GST� ��Á

� ZÅ�Y�f�Y�esterases, EST� �|¿{Y{� �Y�«�Ê]ZË��Y� {�Â»� �Ì¿� Y�� �dÌ ¼m�cZ¨¸e� |¿{�¯� ½ZÌ]� ZÆ¿MÄ���»�ÉZÅ��{�ÉY
ÊÀ »��Â��Ä]��Z�u�ÄËÂ�� Z]� Ä�ËZ¬»É�Y{����� ��Ê»�Ä¯�d�Y�Äf�Y{��ÅZ¯¿YÂe�t���½{Â]��eÓZ]�¶Ì·{�Ä]�|

ÃÁ�³�Ä���Å�dÌ·Z §�dÌ ¼m��{�Ê¼Ë�¿MÄ���»�ÉZÅ|�Z]��Z�u�ÄËÂ��Z]�Ä�ËZ¬»��{�{Y�ÂÀÌb�Y�Ä]�¹ÁZ¬»�ÉY� ���]
�Ã�Z¯|Àq�ÉZÅ�Y|Ì�¯Y�ÉY�]�\Ìe�e�Ä]�Ê¼Ë�¿M�dÌ·Z §�¾Ë�f¼¯�Á�¾Ë�f�Ì]��Z�Y�¾ËY���������]Y�]���½ÂÌeZeÂ¸³�Á

�Y��� ZÅ�Y�¨�¿�e���������]Y�]��|»M�d�|]� �,É�´Ë{� Ä]Z�»�ªÌ¬ve� �{��d»ÁZ¬»� �Z¯Á�Z�� Ê���]�¥|Å� Z]
\��Ê·Z¼fuYÄmÂ³�±�]� �ÂÀÌ»� Ã�aÃ��u� Ä]� Ê´¿�§��Â¨Ë�ËZa�¸¯��¯�Zibaee et al., 2016� ��d�¸£� �Y|¬»

�Ã|À�¯�����LC50��dÌ ¼mÄ���»�ÉZÅ�¼m�ÉY�d���½Zf��Æ���Y�Ã|��É�ÁM������{�ÁM�]�Á�Ó��]�¹�³Á�°Ì»
|Ë{�³� �Zf¿½Â»�M� lËÊÀ »� �ÌiPe� �Ì¿� Ê¼�Ë��ÀÌ�� ÉZÅd�Ë��ÀÌ�� �Y{� ÉZÅTPP��triphenylphosphate�� ,DEM�

�bydiethyl maleate� ��ÁPBO��piperonylbutoxide� �{Â¼¿�|ÌËPe� Y���Â¨Ë�ËZa�¸¯�dÌ¼��ÉÁ�� ��¾ËY� Ã|Ì¬�� Ä]
ÉÂ«�,¾Ì¬¬v»d�Ë��ÀÌ��Ê¼�Ë��ÀÌ��cY�iY�½{Â]��e�ÉZÅTPP��ÁDEM��Z]�Ä�ËZ¬»��{PBO,���¬¿�Ã|ÀÅ{�½Z�¿

dÌ ¼m�d»ÁZ¬»��{�ZÅ�Y�f�Y��Y~³�ÌiPed�Y�Ã{Â]��Â¨Ë�ËZa�¸¯�Ä]�ZÅ��Ê���]�lËZf¿��Â�y��{�Ã|��¹Zn¿Y�ÉZÅ
Ä¿Â³��ËZ��d»ÁZ¬»Ê���]��Y�Ã|»M�d�|]�lËZf¿�Z]�Ä�ËZ¬»��{�É|ÌËÁ�e�ËZa�cZ^Ì¯�e�Ä]�d§M�ÉZÅ�ÉÁ��Ä]Z�»�ÉZÅ

T. absoluta�ËY�§Y� Z]� Á� Ã{Â]� cÁZ¨f»� É{Á|u� ZeÊa� ¹Á�¯ÂfÌ�� Ä]� Äf�]YÁ� ÉZÅ�Z¿�Ì�¯YÂ¿Â»� Ê¼¯� ������,
¶Ì�¯Â]�¯�Y�½ÂÌeZeÂ¸³�Á�ZÅ�Y�f�Y����d�Y� Ã{Â]� ÃY�¼Å� ZÅ�Y�¨�¿Y�e�Ranson et al., 2002; Li et al., 2007; 

Low et al., 2007���cÁZ¨e�¾ÌÀq�{ÂmÁÊ»�ÊËZÅd�Ë��ÀÌ��Ä¿Â³�Ä]�Äf�]YÁ�cY�iY��Y�Ê�Z¿�|¿YÂe�d»ÁZ¬»��{�ZÅ
Ã��u� Ä]�¯|�Z]� ZÅ� � Silva et al. (2015)dÌ ¼m�d»ÁZ¬»� µZ¼fuY� Ê���]� �{�Ê¸Ë��]� ÉZÅT. absoluta��Ä]
Ã��u�¯¾Ë�f»Zf·{�É|ÌËÁ�e�ËZa�ÉZÅ�(Deltamethrin, Decis)�¾Ë�f»�bÌ�Z¨·M�,�Alphacypermethrin, Fastac���Á

�¾Ë�f»�a�Permethrin, Valon��Æm�Ê¿YÁY�§�½Y�Ì»�¾ÌÌ e�¾¼��,�ºË|��µZ¿Z¯�ÉZÅL1014F�,T929I��ÁM918T�,
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º�� �¬¿|¿{Y{� �Y�«� Ê]ZË��Y� {�Â»� �Ì¿� Y�� d»ÁZ¬»� {ZnËY� �{� Ê°Ì·Â]Zf»� ÊËY{�� �Ê¸��Ê�z]�iY� ¹|�� º£�
Ã��u��¯�ÄmÂ³� ±�]� �ÂÀÌ»� µ�fÀ¯� �{� Ä ·Z�»� {�Â»� ÉZÅ� Ê´¿�§�µ�fÀ¯� ¹|���������Ê»Z¼e� É|��{� �

dÌ ¼m�d§M� ÉZÅ�� ÉY�]� Ã|�� {�ÁM�]� d»ÁZ¬»� w�¿� ,dÌ ¼m� �Y� ZÅ������{Â]� �Ì¤f»� �]Y�]� ��¾ËY� lËZf¿� �
ÊÀ »�Ê´f�^¼Å�|ÌËPe�¾¼��ªÌ¬veÃÁ�³�dÌ·Z §� �Y{�Y�½ÂÌeZeÂ¸³�Ê¼Ë�¿M�ÉZÅ���ÉZÅ�Z¿�Ì�¯YÂÀ»�Á��Y�¨�¿Y�e� �

Êa� ¹Á�¯ÂfÌ�� Ä]� Äf�]YÁ������Ã��u� Ä]� d»ÁZ¬»� Z]�¯Ä]��� �iY� Ä]� d»ÁZ¬»� �Æm� Ä¯� {Y{� ½Z�¿� ,ZÅ�ÉY
�knockdown resistance (kdr) mutations, L1014F� �dÌ ¼m� Ê»Z¼e� �{�Á� {�Y{� {ÂmÁ� d]Zi� �Â�� Ä]� ZÅ

�Æm�Ä]����iY�©Â§Z»�ÉZÅ��ÉY�super- kdr��M918T��Ã�ËÁ�Ä]�ÁT929I�dÌ ¼m�Ê»Z¼e��{��Ì¿�ÓZ]�Ê¿YÁY�§�Z]�ZÅ
{�Y{� {ÂmÁ� �ÃÁ�³�ºÆ»��¬¿� |ÌËPe�¾¼�� ,ªÌ¬ve�¾ËY� ÄnÌf¿fÌ�� Ä]� Äf�]YÁ�ÉZÅ�Z¿�Ì�¯YÂÀ»�Ê¼Ë�¿M�ÉZÅ�¹Á�¯Â� �

Êa������Y�½ÂÌeZeÂ¸³�Á���{ÂmÁ� Y��d§M�µ�fÀ¯� �{���¿� {�Â»�cZ^Ì¯�e�ÊËY�Z¯� ¹|��Ê¸�Y�¶Ì·{� ,ZÅ�Y�¨�¿Y�e
�Æm�¾Ì»Y{��{�Ã{�^»Z¿�ÉZÅ���ºË|��µZ¿Z¯�domain II of the sodium channel� ��¥��»�Ä»Y{Y�Á�Ã{�¯�Ê§� »

Ê»� �À»� c|�� Ä]� Y�� É|ÌËÁ�e�ËZa� cZ^Ì¯�e|À¯� �� Ä]Z�»� ªÌ¬ve� �{� É�´Ë{�Padonou et al., 2012���Æm� ,
L1014F kdr�dÌ ¼m��{�ZÅ|ÌËÁ�e�ËZa�Ä]�d»ÁZ¬»�Ê¸�Y��Z¯Á�Z��½YÂÀ��Ä]�ÉZÅA. gambiae�|��Ê§� »� ��Äf^·Y

��Æm�Ä¯�É{�YÂ»� �{�ÊfuL1014F kdr���{�¾Ë�f»Zf·{� Ä]�d»ÁZ¬»� Ã|ÀÀ¯� {ZnËY�¶»Z��¾Ë�e�Y~³�ÌiPe� ½YÂÀ��Ä]
dÌ ¼mÉZÅ�A. gambiae�ÃÁ�³� dÌ·Z §� Ä��YÁ� Ä]� Ê°Ì·Â]Zf»� d»ÁZ¬»� �¬¿� ,d�Y� Ã{Â]� s��»�Ê¼Ë�¿M� ÉZÅ

�d�Y�Ã|Ì���cZ^iY�Ä]��Ì¿�ZÅ�Y�f�Y�Á�ZÅ�Z¿�Ì�¯YÂÀ»�Aizoun et al., 2014 �����
��
ÄnÌf¿�É�Ì³��

�Ê¿ZnÌÅ�Ê¿Â�¯M� ¹Â¼�� ZÅ|ÌËÁ�e�ËZa�axonic excitoxins� ��½|��Äf�]� �Y�É�Ì³Â¸m�ªË��� �Y� Ä¯� |Àf�Å
µZ¿Z¯·Á�ÉZÅ�ºË|���Zf�voltage-gated sodium channels���±�»�dËZÆ¿��{�Á�dÌ»Â¼�»�h�Z]�Ê¿Â�¯M�LZ�£��{
Ê»|¿{�³� ��ÃÁ�³� ¾ËY� Ä]� d»ÁZ¬»� ¶»Z�� ¾Ë�f¼Æ»� ,�z]� ¾ËY� �{� É{�°¸¼�� ZË� É�ZfyZ�� cY�ÌÌ¤e� {ZnËY

Ã��u�Y��¯Ê»� �Z¼�� Ä]� ZÅ{Á�� �Ê»� Ê�ÂÀ�»� ÉZÅ|ÌËÁ�e�ËZa� Ä]� d»ÁZ¬»� �Y|¬»� �ËY�§Y� Z]� |¿YÂe�Ê¼¯
Êa� ¹Á�¯ÂfÌ�� Ä]� Äf�]YÁ� ÉZÅ�Z¿�Ì�¯YÂÀ»�����|�Z]� ÃY�¼Å� ZÆ¿M� ÊËY�Z¯��ËY�§Y� ZË� Á� ��Êy�]� lËZf¿��Z�Y� �]

Ê���]¶Ì�¯Â]�¯�,ZÅÊ»��Ì¿�ZÅ�Y�f�YÃ��u�Ä]�{Y�§Y�dÌ�Z�u��ÅZ¯��{�|À¿YÂe�¯�|À�Z]��iÂ»�É|ÌËÁ�e�ËZa�ÉZÅ
�Ahmad et al., 2007; Delorme et al., 1988� ��f§ZË��Z�Y�]Ä�Y� Ã{Z¨f�Y� ªÌ¬ve� ¾ËY� ÉZÅ PBOÊ»��{� |¿YÂe

�Â° »�Ê«Z]�d»ÁZ¬»�½Y�Ì»�Z»Y�,|�Z]��iR»�ZÅÁ�Ó��{�½M�t����ÅZ¯���Ì¿�Á�d»ÁZ¬»�|¿Á��É�Z��Ä��YÁ�Ä]�Ã|¿Z»
Ä»Z¿�]�|¿YÂfÌ»�,d»ÁZ¬»�ÉÂ¿Zi�ÉZÅ�Z¯Á�Z��{ÂmÁ{�Z��ÄmYÂ»�d�°��Z]�Y��cZ§M�Z]�Ã��Z^»�ÉZÅ���Ä]�µZu�¾Ì���{

� ¥~u� ¹|�� ¶Ì·{ÄËÂ��d»ÁZ¬»� ¶»Z¯� ÉZÅT. absoluta�� Z]� �Z¼Ìe� �{PBO�Ê»�Ä¯� d§�³� ÄnÌf¿� �Â�ÀËY� ½YÂe
�Z¯Á�Z�� �Y� �Ì£�É�´Ë{� ÉZÅ�Z¯Á�Z�� �iÂ»� ¾Ë�f»Zf·{� Ä]�d»ÁZ¬»� �{� Ê°Ì·Â]Zf»� ÉZÅ|À�Z]���,��Zu� ªÌ¬ve� �{

Êa� ¹Á�¯ÂfÌ��ÉZÅ�Z¿�Ì�¯YÂÀ»�����º�� �{�d»ÁZ¬»� ÄnÌf¿� �{� Á�¾Ë�f»Zf·{�Ê°Ì·Â]Zf»�ÊËY{��Ê¼Æ»��¬¿� ½M� Ä]
Äf�Y{� Ã|Æ��]�Y�½ÂÌeZeÂ¸³�Á�ZÅ�Y�f�Y� Ä¯�Êe�Â���{�|¿Y��Ã{Â]�É{�°¸¼��¾ÌÀq�|«Z§� ZÅ�Y�¨�¿�e|¿Y� ��¹Z³��{

Ê»�É| ]�Ê¼¯� ½ZÌ]�d�ËZ]�Ê¼Ë�¿M�d�¸£� �cÁZ¨e� ZË�Ê¨Ì¯�ÉZÅ�Ê¼Ë�¿M� �ZfyZ�� ��¹Á�¯ÂfÌ��ÉZÅ�Z¿�Ì�¯YÂÀ»
Êa�����{�Ì³��Y�«�Ê]ZË��Y�{�Â»��ªÌ«{�¾ÌÌ e��Z��d»ÁZ¬»��{��Ì³�{�½���]�|Ì¯Ze�Z]�Ê^���ºf�Ì��d»ÁZ¬»��Z¯Á

dÌ ¼m� �{� Ê �Z¬e� d»ÁZ¬»� ÉÂ´·Y� Ê���]� �Ì¿� Ád»ÁZ¬»� �Z¯Á�Z�� d��{� �{� Ä]� ,Ê���]� {�Â»� ÉZÅ� �
T. absoluta�|Ì»Zn¿Y� |ÅYÂy� ½M�dË�Ë|»� Á� ¾Ë�f»Zf·{� Ä]� ��cZ^Ì¯�e� �ËZ�� Z]� ¾Ë�f»Zf·{� Ê �Z¬e� d»ÁZ¬»� ¹|�

Ã��u�ÄÀÌ»��,�¯�Z¯��Z�Ã��u��´Ë{�Z]�\Ì¯�e�¾ËY�Ê°ÌËY�Â»�Á�Ê�{�³�{�]�¯{Â]�|ÅYÂy�ZÅ� 
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