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Insecticide Resistance Action 
Committee 

• IRAC has developed a mode of action 
classification scheme for insecticides and 
acaricides 
 

• Purpose is to provide a guide to selection of 
insecticides and acaricides in an effective and 
sustainable IRM program 
 

• IRAC-ONLINE.ORG 



Resistance 

A heritable change in the sensitivity of a pest 
population that is reflected in the repeated 
failure of a product to achieve the expected 
level of control when used according to the 
label recommendation for that pest species. 
 
  Insecticide Resistance Action Committee 



Resistance 

In other words… 
 Overuse of an 
insecticide leads to it 
not being able to kill 
the target pest. 
 
   



Impact of Resistance 
• Overall agricultural productivity 

– Increased pesticide use 
– Increased damage 

 
• Economic / Environmental impact 

– Increased pesticide use 
– Increased use of non-renewable resources 
– Increased acreage 

 
• Pest management flexibility 

– Loss of pesticide 
– Constraint on new pesticides 

 



Impact of Resistance 



Resistance 

• The insecticide does not create resistant 
individuals 
 

• Everybody is an individual 
 

• Some individuals will be naturally resistant 
 
 

 



Before Insecticide Application 

Susceptible 

Resistant 



After One Insecticide 
Application 

80% of Susceptibles Killed 
  0% of Resistants Killed 



The Next Generation 

Susceptible 

Resistant 



After a Second Insecticide 
Application 

80% of Susceptibles Killed 
  0% of Resistants Killed 



The Next Generation 

Susceptible 

Resistant 



After a Third Insecticide Application 

80% of Susceptibles Killed 
  0% of Resistants Killed 



Resistance 

• Insecticides become 
less effective 
 

• Pest populations do 
not decrease after 
application 
 

• More widespread 
than certain parts of a 
field 



Resistance Mechanisms 

• Metabolic resistance 
 

• Target-site resistance 
 

• Penetration resistance 
 

• Behavioral resistance 



Mode of Action 

Active ingredients in the 
same group have 
1. similar chemistry  
2. affect the pest in a 

similar manner. 

Pyrethroids – Sodium Channel Modulators 

 



Label Information 

Trade name (Product name) = Lannate LV 

Common name = methomyl 

Concentration = 2.4 lb ai per gallon  
of product 

Chemical name 

Mode of Action Group 







Cross Resistance 

• Resistance mechanism confers resistance 
to multiple insecticides 
 

• Cross resistance can occur within or 
across insecticide groups 



Factors Affecting Selection for 
Resistance 

• Crop production practices 
 

• Insect biology 
 

• Insecticide properties 



 



Propensity for Resistance 

• Some species are more 
prone to develop 
insecticide resistance 

•   
• Populations of > 500 

species of insects have 
developed resistance 



WFT Resistance by IRAC Class 

46 

15 

3 2 

73 

12 

2 1A - Carbamates

1B - OP

2A - OC

2B - Fiproles

3A - Pyrethroids

5 - Spinosyns

6 - Avermectins

Arthropod Pesticide Resistance Database 



Onion Thrips Resistance by IRAC 
Class 

2 

14 

3 

51 

1A - Carbamates

1B - OP

2A - OC

3A - Pyrethroids / DDT

Arthropod Pesticide Resistance Database 



Codling Moth 
Carbamates – Group 1A 
Organophosphates – Group 1B 
Pyrethroids – Group 3A 
Neonicotinoids – Group 4A 
Spinosyns – Group 5 
Avermectins – Group 6 
Fenoxycarb – Group 7B 
Benzoylureas – Group 15 
Diacylhydrazines – Group 18 
Indoxacarb – Group 22A 
 
 

 



Green Peach Aphid 
Acephate 
Azinphos-ethyl 
Azinphos-methyl 
Bromophos 
Carbaryl 
Carbofuran 
Chlordane 
Chlorpyrifos 
Clothianidin 
Cyfluthrin 
Cyhalothrin-lambda 
Cypermethrin 
DDT 
Deltamethrin 
Demephion 
Demeton 
Demeton-s-methyl 
Diazinon 
Dichlorvos 
Dimethoate 

Dioxacarb 
Disulfoton 
Disulfoton Sulphone 
Endosulfan 
Endothion 
Ethiofencarb 
Fenitrothion 
Fenthion 
Fenvalerate 
Fluvalinate 
Formothion 
Hch-gamma 
Heptenophos 
Imidacloprid 
Isofenphos 
Isolan 
Leptophos 
Malathion 
Menazon 
Mephosfolan 

Methamidophos 
Methidathion 
Methomyl 
Mevinphos 
Monocrotophos 
Naled 
Neopynamin 
Omethoate 
Organophosphates  
Oxydemeton-methyl 
Oxydeprofos 
Oxydisulfoton 
Paraoxon 
Parathion 
Parathion-methyl 
Permethrin 
Phenothrin-d 
Phenthoate 
Phorate 
Phosalone 

Phosmet 
Phosphamidon 
Pirimicarb 
Propoxur 
Prothoate 
Pyrethrins 
Quinalphos 
Ronnel 
Sulfotep 
Tetrachlorvinphos 
Thiamethoxam 
Thiocarboxime 
Thiometon 
Thionazin 

392 cases of resistance to  
71 active ingredients 

 



Potato Aphid 
(Macrosiphon euphorbiae) 

0 cases of resistance 



Is Resistance to Blame? 

• The pest was not identified correctly and the 
wrong pesticide was used 
 

• Poor application technique or incorrect 
insecticide dose 
 

• Inappropriate timing (i.e., pest target was not in 
the area at the time of treatment or was in a life 
stage not susceptible to the pesticide); and,  
 

• Some insects are more susceptible to 
insecticides during earlier life-stages.  
 



Is Resistance to Blame? 

• You killed them, but they came back  
– Pests re-infest the area following the pesticide 

application. 
– Dispersal from neighboring fields 

 
• Pest resurgence 

– Natural enemies are eliminated 
– Remaining pests reproduce like rabbits 

 
• Secondary pests 

– Target pest killed, but other pests cause 
damage 

 



Managing Resistance 

Reduce insecticide needs 
– Using tolerant or resistant  
 crop varieties 

 
– Using cultural controls 

 
– Using biological controls 

 
 



Managing Resistance 
 

• Only using pesticides when necessary 
– Monitoring to make sure pesticides are applied 

at the most effective time 
 

• Use the “best” insecticides 
– Using selective insecticides that break down 

quickly 
– Only using tank mixtures of insecticides with 

different modes of action 
 



Managing Resistance 

• Use Insecticides correctly 
– Recommended application rate 
– Avoid low rates with marginal pest control 
– Thorough coverage  

• If an insecticide doesn’t work, do not re-
treat with another with the same MoA 

• Rotate / Alternate among different groups 
of insecticides 
 



How to properly alternate 
insecticides to avoid or delay the 

onset of resistance? 



Alternating Modes of Action 

• Individuals resistant to one Mode of Action 
are not resistant to a different MoA 
 

• Alternating MoA avoids selecting for 
resistant individuals 
 

• Avoid treating successive generations with 
the same MoA 



Insecticide Sequences 

• Monitor pest populations 
 

• No more than 2 sequential applications 
 

• Apply within in “treatment windows” to 
avoid treating overlapping generations  
 

• Treatment windows – relatively short to 
avoid treating multiple generations 



One Example 

• Onion Thrips 
 

– Movento (2x) 
 

– Agrimek (2x) 
 

– Radiant (2x) 
 

– Lannate (2x) 



Group 23 

Group 6 

Group 5 

Group 1B 

4 Modes of Action 
 
Resistance doesn’t build up  
against any one 



Neonicotinoid Resistance 
Management in Potato 

• Neonicotinoids – Group 4A 
• At planting  / seed treatments : Admire Pro, 

Gaucho, Platinum, CruiserMaxx, Venom, Belay 
• Foliar products: Admire Pro, Leverage, Actara, 

Venom, Belay 
• If applied in-furrow or as a side dress or seed 

treatment, do not use any foliar neonicotinoid in 
the same field in the same season 

• Including package mix products (e.g., Leverage, 
Endigo, Voliam Flexi, Brigadier, Athena 



Neonicotinoid Resistance 
Management in Potato 

• At planting  / seed treatment products – long 
residual time 
 

• Adding a foliar treatment would mean treating 
multiple, successive generations within one 
season 
 
 



Reversing Resistance 
• Cease use of pesticide causing resistance 

–  Problems 
• Probably the preferred control 
• May be used for other pests 
• Area-wide enforcement usually necessary 

 
– Refugia 

 
– Use synergists 

 



Final Points 
• Resistance is an inherent risk with the use 

of any pesticide 
 

• Scouting is critical to resistance 
management 
– Before and after assessments 
 

• Use multiple Modes of Action 
 

• Plan to use them in sequences/rotations 
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