


Pes$cide	  Resistance	  
•  Natural	  ability	  of	  a	  pest	  to	  survive	  exposure	  to	  
pes$cides	  that	  would	  normally	  kill	  that	  pest.	  

•  Pest	  species	  develop	  pes$cide	  resistance	  via	  
natural	  selec$on	  
– Most	  resistant	  species	  survive	  and	  pass	  on	  their	  
gene$c	  traits	  to	  offspring	  

– Dominate	  the	  popula$on	  

	  



Pes$cide	  Resistance	  Management	  
•  Effort	  to	  slow	  down/prevent	  the	  development	  of	  
resistance	  

•  Chemical	  rota$ons	  
– Mode	  of	  Ac$on	  Groups	  

•  Effec$ve	  Coverage	  
– Use	  of	  adjuvants	  
–  Spray	  equipment	  

•  Timing	  
•  Concentra$ons	  



Insec$cide	  Resistance	  Ac$on	  
CommiLee	  (IRAC)	  Groups	  

•  Important	  for	  resistance	  management	  	  
•  30	  Main	  Groups	  	  
•  5	  Modes	  of	  Ac$on	  (MoA)	  Groups	  
– Nerve	  &	  Muscle	  
– Growth	  Regulators	  
– Respira$on	  
– Midgut	  	  
– Unknown	  



Nerve	  and	  Muscle	  Targets	  
•  Affects	  the	  nervous	  system	  and	  muscles	  of	  
insects.	  

•  Typically	  fast	  ac$ng	  
•  Groups	  	  
–  1-‐6,9,14,19,22,28,29	  

•  Examples	  
– Group	  1	  –	  Organophosphates	  (Diazanon)	  
– Group	  3	  –	  Pyrethroids	  (Cypermethrin)	  
– Group	  28	  –	  Diamides	  (Belt)	  



Growth	  Regulator	  Target	  
•  Affect	  the	  growth	  of	  insects	  by	  disturbing	  lipid	  
biosynthesis.	  	  

•  Typically	  slow	  ac$ng	  
•  Groups	  
– 7,10,15-‐18,23	  

•  Examples	  
– 15	  Novaluron	  –	  Rimon	  
– 18	  Methoxyfenozide	  –	  Intrepid	  
– 23	  Spirotetramat	  –	  Movento	  



Respira$on	  Group	  
•  Interferes	  with	  mitochondrial	  respira$on	  by	  
inhibi$ng	  electron	  transport	  

•  Fast	  top	  moderate	  ac$ng	  
•  Groups	  
– 12,13,20,21,24,25	  

•  Examples	  
– Group	  21	  –	  Tolfenpyrad	  (Torac)	  
– Group	  25	  –	  Cyflumetofen	  (Sultan	  Mi$cide)	  



Midgut	  Group	  
•  Lepidopteran-‐specific	  microbial	  toxins	  	  
– Caterpillars	  

•  Group	  11	  
•  Example	  
– Bacillus	  thuringiensis	  –	  Dipel	  



Unknown/Non-‐specific	  Group	  

•  Insec$cides	  that	  act	  nonspecifically	  
•  Group	  8	  
– Example:	  Borates	  (Boric	  Acid)	  

•  Group	  UN	  
– Example:	  Azadirach$n	  –	  Molt-‐X	  



hLp://www.irac-‐online.org/modes-‐of-‐ac$on/	  



Diamondback	  Moth:	  
Case	  Study	  



Iden$fica$on:	  	  
Diamondback	  Moth	  (DBM)	  

•  Plutella	  xylostella	  
•  Life	  Cycle	  is	  17-‐51	  days	  depending	  on	  
temperature	  

•  Host	  Plants	  
– Cruciferae	  Family	  
– Broccoli,	  cabbage,	  etc.	  

•  Plant	  damage	  caused	  by	  larval	  feeding	  on	  
foliage 	  	  



Larvae	  



Pupae 	  	  



Chemical	  Group	  

Ac$ve	  Ingredient	  



100%	  Suscep$ble	  

1st	  Genera$on	  



90%	  Suscep$ble	  

2nd	  Genera$on	  



20%	  Kill	  

2nd	  Genera$on	  



50%	  Suscep$ble	  

3rd	  Genera$on	  



50%	  Kill	  

3rd	  Genera$on	  



0%	  Suscep$ble	  

4th	  Genera$on	  



0%	  Kill	  

4th	  Genera$on	  



DBM	  Bioassays	  



Chemical	  List	  
Product	   Group	  	   Ac=ve	  

Proclaim	   6	   Emamec$n	  benzoate	  	  

Avaunt	   22	   Indoxacarb	  

Radiant	   18	   Spinetoram	  	  

Rimon	   15	   Novaluron	  

Belt	   28	   Flubendiamide	  	  

Coragen	   28	   Chlorantraniliprole	  

Ve$ca	   28	  &	  16	   Flubendiamide	  and	  Buprofezin	  	  

Synapse	   28	   Flubendiamide	  



Oahu	  DBM	  Popula$on	  
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Oahu	  2016	  Rota$on	  



Other	  Rota$onal	  Products	  
•  Bacillus	  Thuringiensis	  (Group	  11)	  
– Xentari	  
– Dipel	  

•  Dibrom	  (Group	  1B)	  
•  Thionex	  (Group	  2A)	  
•  Lannate	  (Group	  1A)	  




