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What’s so bad about insecticide 

resistance?

• Economic

• Environmental

• Cross Resistance
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Defining Insecticide Resistance

• Laboratory selected resistance

• Field evolved resistance

• Practical resistance

• Incomplete resistance

• Complete resistance

1. Understanding insecticide resistance
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Defining Resistance

• Laboratory selected resistance

• Field evolved / field selected resistance

• Practical / field resistance

• Incomplete resistance

• Complete resistance



2. Mechanisms of resistance

Mechanisms of resistance

• Metabolic
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Mechanisms of resistance

• Metabolic

• Target-site



2. Mechanisms of resistance

Mechanisms of resistance

• Metabolic

• Target-site

• Penetration

• Behavioral



Types of insecticide resistance

• Organophosphates

• Pyrethroids

• Neonicotinoids

• Diamides

2. Mechanisms of resistance



Organophosphates

3. Types of resistance



Pyrethroids

3. Types of resistance



Neonicotinoids

3. Types of resistance

treated

untreated



Diamides

3. Types of resistance



Delivery systems relative to resistance

• Foliar sprays

• Seed treatments

• Soil applications

• Biological control 

agents

• Trap and kill

• Transgenic crops

• Chemigation

4. Delivery systems



Delivery systems relative to resistance
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4. Delivery systems



5. Genetic flow of resistance

Genetic flow of resistance

• Genetic basis of resistance

• Fitness



Slides adapted from Fred Gould
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As long as all RR insects mate

With SS insects all offspring are

RS, and these have low fitness

Slides adapted from Fred Gould



NO MATING BARRIERNO MATING BARRIER

If refuge fields are not next

To Bt fields RR insects coming 

From Bt fields may mate with

Each other and ruin the 

High dose/refuge approach

Slides adapted from Fred Gould



NINE GENOTYPES

Slides adapted from Fred Gould



ADDITIVE GENE ACTION
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Insecticides with two 

modes of action



6. Strategies for resistance management

Strategies for resistance management

• Use insecticides only when needed

• IPM

• Rotate modes of action



Keys to whitefly management in AZ cotton

– Good sampling methods and 

thresholds

– Timing and rotation of insecticides 

through the year
• Preserves natural enemies

– Good available suite of effective 

modes of action



Ellsworth et al. 
2006



Palumbo et al. 2003



2015 Neonicotinoids
(Admire, Intruder, etc.)

Applications

Adapted from Ellsworth and Pier 2017

2015 Neonicotinoid 
Usage in Arizona



Tarnished plant bug

• Sampling methods and thresholds

• Timing and rotation of insecticides

• Available suite of effective modes of 

action

• Multi-crop collaboration



North Carolina Tarnished Plant Bug Sprays
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Treating plant bugs in cotton
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June July-early August mid August- September

Centric

One spray

Transform 
> 2oz

Pyrethroid + Orthene
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Bidrin
OR

Transform >2oz



0
100
200
300
400
500
600
700
800
900

1000

Yi
el

d
 (

lb
s

lin
t/

A
)

Yield- tarnished plant bug spray trial, Plymouth, NC, 2018
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June July-early August mid August- September
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Transform + Diamond 6 oz (nymphs)
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Putting it all together

Treatment Threshold Rotation Interval Diamond Nitrogen

Control No No No No 120 lbs/A

Standard No No 7 days No 120 lbs/A

High Threshold Yes No 7 days No 120 lbs/A

Extension Threshold Yes No 7 days No 120 lbs/A

Rotation Yes Yes 7 days No 120 lbs/A

Interval Yes Yes 3-4 days No 120 lbs/A

Diamond Yes Yes 3-4 days Yes 120 lbs/A

Low N (full IPM) Yes Yes 3-4 days Yes 80 lbs/A



Best Management Practices- DP1835 (semi-smooth)
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Best Management Practices- DP1840 (smooth)
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7. Future challenges and solutions

Future challenges

Challenges

• Multiple pests

• Pests that infest 

multiple cops

• Future solutions

• Negative cross-

resistance
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7. Future challenges and solutions

Future challenges

Challenges

• Multiple pests

• Pests that infest 

multiple cops

• Future solutions

• Negative cross-

resistance

• Biologicals



Conclusion

• You will continue to contend with insecticide resistance

• Consultants are KEY

8. Conclusion


