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Larvae cause economic injury
• Feeding reduces leaf to stem ratio 

(skeletonization)

• Yield loss of 10-15% annually

• Drought conditions yield loss can approach 100%

• Reduces overall forage protein content

Adults cause injury by chewing stems
Does not cause economic injury

Alfalfa weevil, an economic pest

O’Neil, Blythe CA, 2020

NDSU 2013
Pellissier et al. 2017
University of Illinois 2023



Vardiman et al. 2022

Insecticides for alfalfa weevil control

Active Ingredient Mode of Action

Carbaryl 1A

Methomyl 1A

Dimethoate 1B

Malathion 1B

Phosmet 1B

Permethrin 3A, Type I

Alpha-cypermethrin 3A, Type II

Beta-cyfluthrin 3A, Type II

Cyfluthrin 3A, Type II

Gamma-cyhalothrin 3A, Type II

Lambda-cyhalothrin 3A, Type II

Zeta-cypermethrin 3A, Type II

Spinosad 5

Indoxacarb 22A



Objectives

1. Evaluate the geographic extent and intensity of lambda-
cyhalothrin resistance in the Western US 

2. Evaluating resistance to multiple pyrethroid active 
ingredients in three production zones in the Western US

Hardin, MT, 2022



Objective 1

Evaluate the geographic extent and intensity of lambda-
cyhalothrin resistance in the Western US



Methods: Weevil collection

1. Field collection 2. Contact Bioassays 3. Mortality evaluation 



Methods: Statistics

Probit analysis
Polo PC

LC50- lethal concentration

Robertson et al. 2017



λ-cyhalothrin

AZ-1 >10µg/cm2

MT-1 4.50µg/cm2

WA-1 1.32µg/cm2

AZ-2 0.93µg/cm2

MT-2 0.26µg/cm2

Objective 1: Statistical analysis

1: LC50

2: Categories

Rodbell et al. 2022

Resistance 
Category

LC50

(µg/cm2)
Resistance Ratio 

(LC50/0.013)
Times (X) Higher 

Label Rate of 
0.34 µg/cm2

Susceptible <0.30 <23.08 < 0.9X
Moderate 0.30 – 1.0 23.08 – 76.9 0.9X - 2.9X
High > 1.0 >76.9 > 2.9X 



Objective 1: Results-lambda-cyhalothrin

Rodbell et al., 2022



• Highly resistant field sites in each state tested
o Characterized by LC50 values

• Many susceptible locations remain, IRM needed

• In some cases, susceptible locations occurred within 
the same county as highly resistant locations

• Others, entire valleys contained high degrees of 
resistance

Objective 1: Conclusions

Hardin, MT, 2022



Objective 2

Evaluating resistance to multiple pyrethroid active 
ingredients in three production zones in the Western US



Objective 2: Locations

Southwest

Pacific 
Northwest

Intermountain 
West

• 19 field sites tested

• 3 field trials

• 3 distinct 
production zones



Name Product Name Type

Alpha-cypermethrin Fastac® (BASF) Type II

Beta-cyfluthrin Baythroid XL® (Bayer) Type II

Lambda-cyhalothrin Warrior II® (Syngenta) Type II

Zeta-cypermethrin Mustang Maxx® (FMC) Type II

Bifenthrin Brigade® (FMC) Type I

Permethrin Ambush® (AgNova) Type I

Objective 2: Active ingredients



14

Objective 2: Approach

O’Neil, Blythe CA, 2020

Methods for testing multiple resistance:

1. Correlations with LC50 values (e.g., Vassiliou et al. 2010)

2. Percentage mortality at diagnostic concentration 
(3.3µg/cm2) (e.g., Menger et al. 2020)

3. Field trials



Method #1: Correlation

1. Prism Graphical Statistics Software

2. Correlation of LC50 values

3. Line best fit; R2 value goodness of fit

Smirle et al. 2002 , Vassiliou et al. 2010, Min et al. 2014

How does a correlation determine 
multiple resistance?

P-values determines if the slope is significantly 
different from zero

Objective 2: Statistical analysis



Lambda-cyhalothrin (Type II) & Alpha-cypermethrin (Type II)

14 locations
R2: 0.62
P: 0.0008

Objective 2: Correlation results

Rodbell et al., 2023



Lambda-cyhalothrin (Type II) & Beta-cyfluthrin (Type II)

18 locations
R2: 0.55
P: 0.0004

Objective 2: Correlation results

Rodbell et al., 2023



Lambda-cyhalothrin (Type II) & Zeta-cypermethrin (Type II)

28 locations
R2: 0.41
P: 0.0005

Objective 2: Correlation results

Rodbell et al., 2023



Lambda-cyhalothrin (Type II) & Bifenthrin (Type I)

17 locations
R2: 0.006
P: 0.77

Objective 2: Correlation results

Rodbell et al., 2023



Lambda-cyhalothrin (Type II) & Permethrin (Type I)

39 locations
R2: 0.29
P: 0.006

Lambda-Cyhalothrin LC50
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Vassiliou et al. 2010

Objective 2: Correlation results

Rodbell et al., 2023



Objective 2: Statistical analysis

Method 2: Percentage Mortality

• Post-hoc; raw mortality data from bioassays

• Divided locations based on lambda-
cyhalothrin resistance levels: Susceptible & 
High

• Percentage mortality at a diagnostic 
concentration for all active ingredients 
(3.3µg/cm2)

• R-Studio: ANOVA; Tukey HSD

Menger et al. 2020



Objective 2: Results- percentage mortality

F= 98; df=20, 192; P<0.001

Susceptible Resistant

Rodbell et al., 2023



Can laboratory results be corroborated with field trials?

Dayton, Wyoming 2021



• Treatment:
1. Untreated check

2. WarriorII®

3. Mustang Maxx®

4. Baythroid®

5. Permethrin

6. Brigade®

7. Steward EC®, Indoxacarb (MoA 22A)

• Maximum label rate

• Randomized complete block design (n= 5 blocks)

• 10-sweep samples 6-days post application

• R-Studio: ANOVA, Tukey HSD Test

Objective 2: Field trial

Rodbell et al., 2023



Objective 2: Field trial results

F= 25.48; df=6, 28; P<0.0001 Rodbell et al., 2023



Objective 2: Field trial results

F= 10.65; df=6, 28; P<0.0001 Rodbell et al., 2023



Objective 2: Field trial results

F= 15.92; df=6,28; P< 0.0001 Rodbell et al., 2023



• Multiple resistance confirmed among pyrethroid type 
II active ingredients tested, across western production 
zones

▪ If you have resistance: All commercial MoA 3A products 
for forage alfalfa production will not be effective and 
cannot be interchanged

• Field and laboratory bioassays corroborate each other

• Incomplete multiple resistance between lambda-
cyhalothrin and permethrin 

• Bifenthrin and indoxacarb were highly efficacious

Objective 2: General conclusions
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Questions?

Parker AZ, 2021



High Resistance:

• Utilize indoxacarb (MoA 22A) to limit endemic levels

• After 4-5 years test for improved pyrethroid efficacy

Susceptible or Moderate Resistance:

• Use pyrethroids and indoxacarb no more than once every three 
years

• Utilize non-chemical control options to limit selection pressure

General Recommendations

Hardin, MT, 2022



Improved lambda-cyhalothrin efficacy
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Resistance 
Category

Times (x) Higher 
label rate

Susceptible <1.0x

Moderate 1.0-3.0x

High >3.0x

Year LC50 µg/cm2

2020 >3.3

2023 0.34

F= 0.14; df= 1, 6; P= 0.72 F= 8.09; df= 1, 6; P= 0.03



Egg laying
May-June (~15.56∘C)

Larvae
17-21 days

Pupa

Adult

Alfalfa weevil life cycle

Pellissier et al. 2017

Sue Blodgett, bugwood.org


