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Completing an Insecticide Resistance Management Plan for 
Alfalfa Weevils Damaging Forage Alfalfa in the Western US 



The Problem – Pyrethroid Resistance
o Pyrethroid insecticides are the primary tool used to manage alfalfa weevils
o Reports of control  failure after three spray applications
o Only one alternative effective Mode of Action (MoA) insecticide available



Limited Alternatives to Pyrethroid MoA3A
Indoxacarb (Steward) MoA 22A currently the only effective alternative 

Pyrethroids, MoA 3A 

Several active ingredients
(AI) and trade name
products

Lose the entire group due
to cross-resistance within
the same MoA class 

MoA
3A

Removed from market

Steward remains effective

Insecticides Available for Alfalfa Weevil 
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Approach: Multistate Research & Extension 

Advantages:
1. Good field sites
2. Consistent methods
3. Quality data
4. Varied  agronomy
5. Collaborators 
6. Stakeholders



Cocoons with 
pupae form late 
June and July

Larvae hatch and 
feed; first in 
terminals (left), later 
on open leaves 

Adults active when temperatures 
above 48°F.  Migrate into alfalfa 
fields to mate and lay eggs

The Pest: 
Alfalfa
Weevil

Adults migrate to 
overwintering sites

New adults enter summer dormancy 
then become active in the fall to feed 
prior to migrating to overwintering 
sites
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Objective: Verify Field Reports of Pyrethroid Resistance 

Laboratory methods:
o Technical active ingredient (a.i.) (>96% pure)
o Contact bioassay: treat the inside surface of glass vials
o Dose-response assay: increasing amounts of the a.i.
o 10 larvae per vial; 5 vials per dose (ug / cm2); 6-8 

doses 
o Probit analysis; LC50 value (lethal concentration for 

50% mortality)



Objective: Determine the Extent and Severity of Pyrethroid 
Resistance in the Western US

o LC50 values for >80 sites

o Group into three categories:
Susceptible, moderate resistance
& high  resistance

o 100 fold range in LC50 values



Resistance 
Category

LC50
(µg/cm2)

Resistance Ratio 
(LC50/0.01)

Susceptible <0.30 <30x
Moderate 0.30 – 1.0 30x – 100x
High > 1.0 >100x

Conclusion

o Every western state 
investigated has a highly 
resistant population of
alfalfa weevil

o Every state has susceptible 
populations; an opportunity 
to mitigate resistance and 
extend the use of pyrethroid
active ingredients

Resistance to Lambda Cyhalothrin (Warrior & Generics) 



Objective: Are Alfalfa Weevils Resistant to all
Pyrethroid A.I. (Cross-Resistance) ?

Compare the effectiveness of the different active 
ingredients against alfalfa weevils resistant to 
lambda cyhalothrin (Warrior) 

Laboratory bioassay: Compare resistant and 
susceptible populations in three regions, 6 A.I

Field trials: Test the commercial products against 
resistant alfalfa weevils in three regions



Laboratory Assay:
Madison (S) vs Big Horn County (R)

o Discriminating Doses (blank vials vs high dose)
o Control Mortality Low (blank vials)



Laboratory Assay:
Madison (S) vs Big Horn County (R)

o High Discriminating Dose 



Field Trial Results, Resistant Populations 
Yakima WA & Parker AZ
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Yakima WA,  6-day 20-Sweeps
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Parker AZ, 6-day 10 sweeps 

o Field and lab results similar 
o Pyrethroid AI generally ineffective on resistant populations
with the exception of bifenthrin (Brigade)



Summary  

o Resistance is widespread; Cross-resistance
o Bifenthrin for seed alfalfa
o Pattern consistent across the West
o Manage for Resistance (IPM, Rotate MoA)
o Have to preserve Steward
o Regional Extension – Consistent Message
o Collaboration with all stakeholders
o Continuing and future research



Funded by USDA NIFA Alfalfa Seed and Alfalfa Forage Systems Program

www.montana.edu/resistantalfalfaweevil/
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