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Western corn rootworm
Diabrotica virgifera virgifera

Northern corn rootworm
Diabrotica barberi



Current Rootworm Situation in Illinois

Populations (esp. NCR) have 

increased in continuous corn areas 
slightly less in 2022 compared with 2021

Rotation-resistant “variant” pressure is very low

Populations of both 

western and northern corn rootworm have 

resistance to all available Bt traits in some areas



Western Corn Rootworm
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Northern Corn Rootworm
Average number of beetles per 100 sweeps
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Western Corn Rootworm
Average number of beetles per 100 sweeps
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Corn Rootworm State Average
Average number of beetles per 100 sweeps
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Corn Frequency Layer
2008 to 2021

Land Cover

Categories

Produced by CropScape
http://nassgeodata.gmu.edu/CropScape



SmartStax = Cry3Bb1 + Cry34/35Ab1

Acremax Xtreme = mCry3A + Cry34/35Ab1

Qrome = mCry3A + Cry34/35Ab1

Agrisure 3122 = mCry3A + Cry34/35Ab1

Duracade = mCry3A + eCry3.1Ab

Cross-resistance in WCR among Cry3Bb1, mCry3A, eCry3.1Ab

Fitness cost reported for Cry34/35Ab1 resistance, but not for Cry 3 resistance

https://www.texasinsects.org/bt-corn-trait-table.html 

Four Bt proteins, “two” modes of action,
several combinations

Similar mode of 

action(“Cry3” traits)

• Cry3Bb1

• mCry3A 

• eCry3.1Ab

Distinct mode 

of action

• Cry34/35Ab1



SmartStax Pro
Bayer

Limited release: 2022

Commercial release: 2023 

Above-ground:

Cry1A.105, Cry2Ab2, Cry1F

Below-ground:

Cry3Bb1, Cry34/35Ab1, 

DvSnf7 dsRNA

Herbicide:

glyphosate, glufosinate

Vorceed Enlist
Corteva

Limited release: 2023

Larger release in 

subsequent years

Above-ground:

Cry1A.105, Cry2Ab2, Cry1F

Below-ground:

Cry3Bb1, Cry34/35Ab1, 

DvSnf7 dsRNA

Herbicide: glyphosate, 

glufosinate, 2,4-D

VT4Pro
Bayer

Estimated commercial 

release in 2024

Above-ground:

Cry1A.105, Cry2Ab2, 

Vip3Aa20

Below-ground:

Cry3Bb1, DvSnf7 dsRNA

Herbicide:

glyphosate

Rootworm Trait Packages with RNA-interference Mode of Action



From Zhu and Palli 2020, 

Annu. Rev. Entomol. 65: 293-311

How does RNAi work?

• Traited corn expresses double stranded RNA that 

codes for an essential rootworm protein

• Cellular machinery of the rootworm essentially 

recognizes this dsRNA as “foreign”, 

prevents protein expression

• Because this protein is essential for rootworm growth, 

the insect dies in ~5 days

• Requires both a local and a systemic response 

(response spreads among cells) 

– both occur readily in beetles



SmartStax Pro
Bayer

Limited release: 2022

Commercial release: 2023 

Above-ground:

Cry1A.105, Cry2Ab2, Cry1F

Below-ground:

Cry3Bb1, Cry34/35Ab1, 
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Cry1A.105, Cry2Ab2, Cry1F

Below-ground:

Cry3Bb1, Cry34/35Ab1, 
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Herbicide:

glyphosate

Rootworm Trait Packages with RNA-interference Mode of Action



Potential for resistance

Resistant western corn rootworm 

population was developed in lab 

from field-collected beetles

Reduced uptake of dsRNA

No cross-resistance to Bt traits

Cross-resistant to other dsRNAs

https://doi.org/10.1371/journal.pone.0197059



NCR and WCR have a long history of 

overcoming management tactics.

Insecticides, Crop Rotation, 

Bt Corn Hybrids

Genetically-based decreases in tactic 

susceptibility, are called “resistance”.



Bt Traits for Corn Rootworm Management

Four Single Bt toxins 

for corn rootworm management 

have been commercialized:

• Cry3Bb1 (Yieldgard Rootworm)

• mCry3A (Agrisure RW)

• eCry3.1Ab (Agrisure Duracade)

• Cry34/35Ab1 (Herculex CRW)

“Cry3” toxins



Pyramided rootworm Bt

hybrids express 

≥2 rootworm Bt toxins 

in a single plant. 

• Multiple MOAs are more 

durable; larvae need to be 

resistant to ≥2 Bt toxins. 

• To fully exploit the benefits, 

novel toxins should be 

pyramided. 

Rootworm Bt trait/toxin 

commercialization dates:

2003: Cry3Bb1

2006: Cry34/35Ab1 

2007: mCry3A

2010: Cry3Bb1 + 34/35Ab1

2012: mCry3A + 34/35Ab1

2014: eCry3.1Ab + mCry3A

2022: Cry3Bb1 + 34/35Ab1 

+ DvSnf7 (RNAi)

Bt Traits for Corn Rootworm Management



Rootworm Resistance to Bt Traits

2009
First evidence of field-evolved resistance to 

Cry3Bb1 in western corn rootworm: 

6 years after commercialization.

⁃ Gassmann et al. 2011 PLOS One 6 (7)

Cross-resistance among 

Cry3Bb1, mCry3A, and eCry3.1Ab

⁃ Gassmann et al. 2014. PNAS 

https://doi.org/10.1073/pnas.1317179111

⁃ Zukoff et al. 2016. J. Econ. Ent. 

https://doi.org/10.1093/jee/tow073 PMID: 27106225



Rootworm Resistance to Bt Traits

2016 - 2019
Confirmed reports of field-evolved resistance 

to Cry34/35Ab1 in Iowa and Minnesota

⁃ Gassmann et al. 2019. Pest Man. Sci. 

DOI: 10.1002/ps5510

⁃ Gassmann et al. 2016. J. Econ. Ent.  

DOI: 10.1093/jee/tow110

⁃ Ludwick et al. 2017. J. Appl Ent. 

https://doi.org/10.1111/jen.12377



Rootworm Resistance to Bt Traits

2019 
Confirmed reports of field-evolved 

resistance to Cry3Bb1 & Cry34/35Ab1 

in North Dakota WCR & NCR!

⁃ Calles-Torrez et al. 2019. J. of Econ. Ent.

DOI: 10.1093/jee/toz111



• Counties with Bt resistance 

in continuous corn.

• Counties with Bt resistance 

in rotated corn.

• Injury due to Bt resistance 

possible in at least northern 

half of Illinois.

• Evidence of Cry3Bb1 

resistance found wherever 

WCR were tested.

• Cry34/35Ab1 reduced 

susceptibility or resistance 

present in recent years.

2022 Illinois Bt Resistance Status 
(~2012-2022)



PATRICKCAVANBROWN.COM

Single-plant Bt-resistance bioassay (Gassmann et al. 2011)

Single Bt trait hybrids (Cry3Bb1 + Cry34/35Ab1) + isolines

SmartStax® PRO family of hybrids

Suspected “R” populations vs. USDA Bt-susceptible WCR

→ Measure: proportion surviving larvae & 

proportion 3rd instars among survivors

Gassmann et al. 2011. PLoS ONE 6(7): e22629.

PATRICKCAVANBROWN.COM



2022 IL 
Single Trait Bt Bioassay



2022 IL 
Single Trait Bt Bioassay



2022 IL 
Single Trait Bt Bioassay



2022 IL 
Single Trait Bt Bioassay



• NCR & WCR survive 

equally well on Cry3Bb1 

and non-Bt hybrid in 

bioassays.

• CRW survival on 

Cry34/35Ab1 hybrid is 

almost equal to survival 

on non-Bt hybrid.

• Cry3Bb1 survivors may 

have minor 

developmental delays; 

Cry34/35Ab1 survivors 

have significant delays.



Population collection year

WCR larval 

corrected 

survival (C.S.) 

on single-trait 

(Cry3 or 

Cry34/35Ab1) 

Bt corn hybrids 

(±SEM)

WCR C.S.=-149.286 + 0.074*Collection Year

Adjusted R2 = 0.487

F(1,38)=37.13, P<0.001

For n=39 Champaign Co., IL WCR populations

• Corrected survival 

(C.S.) is the quotient 

of larval survival on 

a Bt maize hybrid 

divided by larval 

survival on the 

non-Bt hybrid.

• Lower values 

indicate greater 

efficacy.

2013-2021 larval survival on single trait Bt hybrids increased at 7.4%/year

WCR Resistance to Bt traits is increasing in Illinois
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• CRW survival on the SSX Bt

pyramid is nearly equivalent to 

survival on non-Bt VT2P in 

bioassays

• CRW susceptibility to SSX PRO 

Bt+RNAi pyramid is good; 

Champaign Co. WCR were 

slightly (but significantly) less 

susceptible to SSX PRO.

• Surviving larvae from SSX and 

SSX PRO hybrids have 

significantly slowed 

development in bioassays.

ab

cd



Delayed larval development delays adult emergence 
& may disadvantage the surviving beetles by:

Shortening adult span 

vs. earlier emerging adults

Shortening period for access 

to the most nutritious foods

Slowing egg development

Shortening period for laying eggs

Reducing total reproduction relative 

to beetles on non-Bt plants



Bioassay and resistance summary:
• Bt resistance is increasing

• Resistance is inevitable, we can slow it down.

• There is survival & development evidence

• RNAi pyramids performed well on NCR & WCR
• Potential for resistance to RNAi is present

• Use monitoring to put the right hybrid on the 

right acres and limit unnecessary selection
• Non-economic populations don’t need to be treated

• Rotation is the best tactic against high pressure



https://go.Illinois.edu/PestManagementResearchReport

Rootworm 

Control 

Evaluations

2018 to 2022



0 to 3 Node-injury rating

Node Injury Scale Description

0 No damage

1
One node or the equivalent of 

one node eaten within two inches of stalk

2 Two nodes eaten within two inches of stalk

3 Three nodes eaten within two inches of stalk



0.0 0.5 1.0 1.5 2.0 2.5 3.0

Untreated

Aztec HC (1.63 oz/a)

Index CS-B (12.5 oz/a)

Untreated

Aztec HC (1.63 oz/a)

Index CS-B (12.5 oz/a)

Untreated

Aztec HC (1.63 oz/a)

Index CS-B (12.5 oz/a)

Untreated

Aztec HC (1.63 oz/a)

Index CS-B (12.5 oz/a)

Node-injury ratings

Non-Bt
(rootworm)

SmartStax RIB
(5% RIB)

AcreMax Xtra
(10% RIB)

Agrisure 3122
(5% RIB)

A

BCD

BCD

CD

D

D

BCD

BCD

BC

CD

BCD

Evaluation of Traits in Combination with Insecticides
Urbana, IL 2019
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0.333

0.843

0.091

1.29

0.075

1.633

0.201

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Non-CRW Bt

Non-CRW Bt + Aztec HC (1.63 lb/a)

SmartStax RIB

SmartStax RIB + Aztec HC (1.63 lb/a)

Qrome

Qrome + Aztec HC (1.63 lb/a)

Duracade EZ1

Duracade EZ1 + Aztec HC  (1.63 lb/a) F = 15.72, df = 7, 21, P < 0.001

A

AB

BC

CD

DE

E

E

E

0.5 = unexpected damage 
for a pyramided hybrid

Evaluation of Trait Packages with and without Aztec HC 
Urbana, IL 20 July 2021

0-3 Node-injury rating



Urbana, IL 2022 (ABE Farm)

A

B

A

C

A

BC BC

D

F = 25.01, df = 7, 21, P < 0.001



0.0 0.5 1.0 1.5 2.0 2.5 3.0

VT Double Pro

VT Double Pro + Force Evo (8 oz/a)

VT Double Pro + Ethos XB (8.5 oz/a)

VT Double Pro + Ampex EZ (12 oz/a)

VT Double Pro + Aztec HC (1.63 lb/a)

VT Double Pro + Force 6.5G (2 lb/a)

SmartStax

SmartStax + Force Evo (8 oz/a)

Agrisure 31100 (non-CRW Bt)

Duracade

Qrome

Non-Bt, no-IST

F = 12.44, df = 11, 33, P < 0.001

A

B

B

BC

BC

CD

DE

E

E

E

E

E

Standard Evaluation of Corn Rootworm Traits and Insecticides
Urbana, IL 16 July 2021

0-3 Node-injury rating



F = 3.01, df = 7, 21, P = 0.024
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A
A

C

AB

Urbana, IL 2022 (ABE Farm)
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Corn rootworm trait package

Hybrid group: F = 12.19, df = 1, 15, P = 0.003
Trait package: F = 42.18, df = 2, 15, P < 0.001
Hybrid-trait interaction: F = 2.14, df = 2, 15, P = 0.153

A

A

B B

C

Evaluation of SmartStax PRO for western corn rootworm control
Urbana, IL 20 July 2021



F = 5.16, df = 5, 15, P = 0.006

A

AB
AB
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0.0 0.5 1.0 1.5 2.0 2.5 3.0

VT Double Pro (non-CRW Bt)

VT Double Pro + 1.25 mg clothianidin

SmartStax

Qrome

Duracade

Agrisure 3220 (non-CRW Bt)

Agrisure 3220 (no IST)

A

A

A

AB

BC

CD

D

Evaluation of Corn Rootworm Trait Packages
Monmouth, IL 21 July 2021

F = 11.21, df = 6, 16, P < 0.001

0-3 Node injury rating



F = 24.74, df = 9, 27, P < 0.001
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Corn Rootworm Summary
Illinois

Step back in corn rootworm 

pressure in 2022 after increasing 

for several years

Bioassays continue to show 

increasing resistance in 

both species to all traits



Corn Rootworm Summary
Illinois

Dramatic difference between 

continuous corn and heavy rotation 

regions within Illinois

• High rates of resistance, failures of pyramided traits, 

high northern corn rootworm populations 

north of I-80

• Low to no pressure in much of east central Illinois

• Injury to first-year corn has been uncommon



Corn Rootworm Summary
Illinois

Soil insecticides 

have not lost efficacy in 

Illinois field experiments



Current management 

recommendations
Where unexpected damage 

is observed and/or 

resistance is expected:

Best option: Rotate field to soybean 

(kills all WCR larvae in the soil at hatch)

Next best: Use a soil insecticide

Worst option: Continuous corn, 

same trait package

Unexpected damage 

(EPA definition) 

• ½ node pruned

pyramided hybrid 

• 1 node pruned

single-trait hybrid
Local practices have a demonstrated impact 

on corn rootworm resistance development



Resources
Applied Pest Management Research
2018 to 2022 reports available 
go.Illinois.edu/PestManagementResearchReport

Production information
go.Illinois.edu/cropcentral

Illinois Agronomy Handbook
go.Illinois.edu/AgronomyHandbook

Handy Bt trait table
www.texasinsects.org/bt-corn-trait-table.html



Sponsors



Educational Partners



For the webinar archives and 5-minute farmdoc
Subscribe to our channel YouTube.com/@farmdoc

. I l l inois .edu

Visit us at 

Thank You for joining us!



Thanks!

Questions?

Nick Seiter
Res. Asst. Professor

UIUC Dept. of Crop Sciences

nseiter@illinois.edu

@nick_seiter

Joe Spencer
Principal Research Scientist

Illinois Natural History Survey

spencer1@illinois.edu

@talkingrootworm
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