
Insecticide Resistance 
Questions to answer:   

• What is resistance?  
 

 

• How prevalent is resistance; what are some 
important examples?  

• How is resistance identified and measured?   

• What biological mechanisms confer resistance?  

• How can resistance be managed? (Or … Can 
resistance be managed?)  
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Keep in mind throughout this lecture:  
 
• In resistance, pre-existing mechanisms are selected by insecticide 

use; this drives the evolution of resistant forms.  
• Populations, not species become resistant.  
• Individuals are born "resistant;" immunity does not develop.  
• Resistance results from selection pressure. Managing resistance to 

conventional insecticides almost always depends upon minimizing 
pesticide use.  

• Insecticide resistance is not the same as tolerance (though this 
terminology is always debated).  
– Low-level resistance is still resistance, not tolerance.  
– Species-wide abilities to survive particular insecticides are tolerance, 

not resistance.  (Aphids are not killed by the insecticide carbaryl 
(Sevin) … they did NOT develop resistance as a result of selection 
pressure by repeated use of this insecticide; they always have been 
“tolerant” to this insecticide.) 

 
 



How prevalent / how important is resistance?  

  

• Resistance has been documented ...  

– to every major group of insecticides  

– in more than 500 insect and mite species 

– roughly …   

• 56% are crop pests 

• 37 % are med/vet pests  

• 5 % are beneficial species  

 



Resistance is most common in ...  

 

• Diptera  (34% of resistant species) … including 
house fly, horn fly, and many mosquitoes 

• Lepidoptera (15%) 

• Mites (14%) 

• Coleoptera (13%) 

• Homoptera (Hemiptera: Homoptera) (11%) 

 



Examples include:  
 
• Western corn rootworm to cyclodienes (organochlorines) (not to any of 

the soil insecticides commonly used in the last 30 years … Why not?) 
• Indianmeal moth to malathion and Bacillus thuringiensis 
• Red flour beetle to malathion 
• Horn fly to pyrethroids 
• House fly to many insecticides 
• Diamondback moth to many insecticides 
• Greenhouse whitefly to many insecticides 
• Tobacco budworm (Heliothis virscens) to many insecticides 
• Colorado potato beetle to many insecticides 
• Anopholes mosquitoes to many insecticides 
• Codling moth to the organophosphates Imidan and Guthion 
• Corn earworm (Helicoverpa zea) to pyrethroids 
  
• (And there are MANY more) 



Resistance causes pesticide failures that lead to ...  

 
•   

•   

•   

•   

 



Resistance triggers new pesticide development, especially 
for niche market products 

 

• Colorado potato beetle … for cryolite (an old abrasive), rotenone, 
and then neonicotinoids (when they were just a niche-market 
product) 

• Diamondback moth … for widespread use of Bacillus thuringiensis 
(before resistance to it as well) and then other new insecticides 

• German cockroach … for bait stations that use fungal pathogens, 
also hydroprene 

• Codling moth … Altacor, Assail, Delegate, and Rimon all follow the 
failures of Imidan and Guthion 
 



Resistance is identified / measured in bioassays ... 
 





What allows insects to survive high 
doses of insecticides? 

• There are 4 broad categories of resistance 
mechanisms:  

–   

–   

–   

–   

 



– Behavioral resistance 

• A shift in behavior avoids exposure to insecticides.  
Examples are controversial … do they represent shifts in 
the genetics of behavior or just survival for long enough 
(because of changes in metabolic activity or target-site 
resistance) to exhibit avoidance behaviors that always 
existed?  Examples: red flour beetle, cockroaches, and 
horn fly to pyrethroids. 

 



– Reduced penetration 

• usually provides low levels of resistance, most useful 
where increased metabolism (metabolic resistance) 
provides internal detoxification).  The PEN gene in 
house flies confers cross resistance to different 
insecticides; similar genes appear to exist in other 
species.  Examples are known from house fly, certain 
mosquitoes, tobacco budworm, and others.  

 



– Metabolic resistance:  
• Detoxification mechanisms exist in insects anyway ... 

nonspecific enzymes break down toxic, lipophilic (fat-loving) 
compounds into less toxic (usually) more soluble compounds 
for excretion. Why don't all insects detoxify compounds 
equally? Production of unnecessary enzymes is an energy 
expenditure. As a result, resistant individuals may be less 
"fit" than susceptible counterparts in the absence of the 
pesticide. Recessive genes for greater detoxification action 
are maintained "without cost" for the species' benefit. 
Realize that although we may have named an enzyme DDT 
dehydrochlorinase or aldrin epoxidase, these enzymes had 
(have) other functions as well.  
 



• More on metabolic resistance 
– The enzymes that detoxify pesticides include mono-oxygenases 

(mixed function oxidases, microsomal oxidases, and cytochrome 
P-450 dependent oxidases), hydrolases(including esterases), and 
transferases (glutathione-S- transferase). One can determine if 
metabolic resistance is at work and what enzymes are involved 
by using synergists ... chemicals that block specific enzymes 
responsible for specific detoxication steps; piperonyl butoxide 
(pbo) inhibits mixed function oxidases, triphenyl phosphate 
(TPP) inhibits carboxylesterase, and S,S,S, tributyl 
phosphorotrithioate (DEF) inhibits esterases. (Synergists are also 
used in a few instances to make insecticides work better ... PBO 
in house fly sprays is one example.) 



– Target Site Insensitivity:  

• The insecticide penetrates the insect cuticle, it is not 
metabolized more rapidly, but it still does not kill the pest 
... so the target site is insensitive. Examples: the kdr gene 
in Diptera reduces sensitivity of sodium channels to 
chlorinated hydrocarbons and pyrethroids. Altered 
acetylcholinesterase gives resistance to certain 
organophosphates in the cattle tick, in the mosquito 
Aedes albimanus, and in the two-spotted spider mite. 
Altered binding sites on the gut wall in some Lepidoptera 
result in resistance to Bacillus thuringiensis .  

 



A single insect may be resistant to more than one insecticide as 
a result of...  

 

• Cross-resistance:  One mechanism confers resistance to more than one 
insecticide.  Examples include kdr resistance to DDT and pyrethroids in the 
house fly and certain mosquitoes.  Oxidases, hydrolases, etc. may detoxify 
more than one organophosphate or carbamate. 
 

• Multiple resistance:  More than one mechanism evolves independently in 
response to selection from different insecticide applications.  Examples: 
Colorado potato beetle, house fly, tobacco budworm, diamondback moth, 
green peach aphid, and certain Anopheles mosquitoes are resistant by 
separate mechanisms to 4 or more classes of insecticides. 
 

• In most instances, resistance to a particular insecticide results from the 
selection of a single gene. (This conclusion is not universally true.)   
 



Resistance Management … 

• … tries to maintain the usefulness of an 
insecticide.  

• … attempts to manage target pests after 
resistance has led to control failures. 

 

• Managing resistance begins with recognizing 
the factors that influence resistance 
development ...  

 



• Biological factors that favor resistance 
development:  

 

–   

–   

 

–   

 
 



• “Operational” factors that favor resistance 
development:  
– Treatments provide prolonged exposure to the 

insecticide (via frequent sprays, long residual, or 
controlled releases) 

– Selection pressure is high (high mortality in the 
treated portion of the population) 

– No refuges exist (for susceptible insects – and their 
genes – to survive) 

– Large areas are treated 

 
All of the factors listed above intensify selection.  

 



Detecting / monitoring resistance 

Many papers stress the importance of detecting and 
monitoring insecticide resistance. Although monitoring can 
be useful, it is important to determine the exact goal of 
monitoring and assess whether or not it can be met. 
Purposes include ...  

 
– explanation of control failures  
– determination of insecticide choice for a single field (field kits) 
– determination of the success of resistance management efforts 

... have resistance frequencies dropped or stabilized?  
– detection of resistance at an early stage so that management 

efforts can begin ... This approach is a problem because 
statistical probabilities mean that bioassays must contain very 
high numbers of insects in order to provide detection before the 
momentum of resistance development is too great. 

 





• After the linear relationship between dose 
and mortality is known, a diagnostic dose may 
be used to detect the presence of resistance in 
the field.   

 

10        100        1000 





• So ...  

 

Resistance management must begin before 
detection efforts confirm that resistance 
development is underway.  What can be 
done in resistance management? 

 



Resistance management techniques 

• Minimize selection pressure  
– to keep susceptible insects alive ... the idea here is 

that genes for susceptibility are a valuable natural 
resource that should be maintained.  
• No unnecessary treatments 

• Lowest possible effective rates 

• Shortest effective residual  

• Local instead of area-wide treatments (including spot 
treatments) 

• Preserve untreated refuges 

• Use other controls whenever possible (cultural practices and 
host plant resistance) 

 



• Kill the developing resistant population  
– High dose strategy (a well-chosen dose to kill rare 

heterozygotes) Dose must remain high (happens 
only in transgenics) ... what nontarget impacts for 
broad-spectrum insecticides? 

– Synergists to neutralize resistance (for metabolic 
resistance) … but synergists are unstable in UV 
light 

– Mixtures or rotations of insecticides ... to kill those 
insects that are developing resistance to one 
compound by using a different one.  

 



• So far, for conventional insecticides, minimizing use is the 
only strategy really proven to work satisfactorily.  
Rotations involve no extra cost, so they represent a good 
idea even if they are unproven.  

• Despite their popularity with pesticide manufacturers and 
distributors, mixtures and high doses usually involve too 
many negatives to be practical for delaying insecticide 
resistance … but mixtures can be used to manage multiple 
pests.   
 
– This differs in managing insect resistance to transgenic plants. 

 



 
Managing resistance to transgenic 

crops 




