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A tale of two rootworms

Western corn rootworm (WCR) Northern corn rootworm (NCR)

Competitive in mixed 
populations

Insecticide resistant

Bt resistant

Cold tolerant eggs

Rotation resistant 

Bt-resistant populations  found 
in ND and MN
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What are you trying to 
manage?

• Lodging/harvest efficiency 
• Yield
• Economics
• RW Populations
• Resistance

Your Tools
Crop rotation
Hybrid selection

Root architecture
RW Traits

 Insecticide
Seed-applied
At-plant
Adult control

Knowledge

Managing corn rootworms
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Heat matters
Winter egg mortality 
• Temperature and duration
• WCR mortality begins < 20o F
• At 0.5o F WCR 100%, NCR 20-50%

Egg development (WCR)
• Begins at ~ 52o F
• 380 DDs egg hatch begins
• 684-767 DDs 50% hatch
• Geographic differences

Ellsbury and Lee 2004
Godfrey et al. 1995
Woodson and Gustin 1993
Lawson 1986 Unpublished 
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Simple 
solutions

Crop rotation 
can still 
manage WCR.

Can we rely on crop  rotation alone? 
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NE IA

SD MN

Original Problem Areas 
(1970s)

Where 
does NCR 
extended 
diapause 
occur?

Figure from  Ostlie 2005

What is 
NCR  
extended 
diapause? 

Biggers, 1932
Boetel, et al., 1992
Fisher, et al., 1994
Branson, 1976
Gustin, 1984
Krysan, 1978, 1982
Krysan et al, 1984
Levine, et al., 1992 
Ostlie, 1987
Shaw. 1978 
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2001 2003 2005

2000 2002 2004

Extended diapause 

Genetic trait

Temporal and spatial 
fluctuation

SW and SC MN 
~1979 -1986
 
SW, SC, C, and WC MN
~1999 – 2006

SW, SC, C, WC* MN 
2021-?
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This work was supported, in part 
by the farm families of Minnesota 
and their corn checkoff 
investment
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ED- Why not just plant more Bt?

What about 
CRW genetics?
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The Handy Bt Trait Table 
for Bt and RNAi traits  in 
corn hybrid trait packages

• Herbicide tolerance

• Insects Controlled 

• Documented insect 
resistance
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This work was supported, in part by the farm families of Minnesota
 and their corn checkoff investment
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WCR Field-evolved resistance

2009 -  Cry3Bb1 resistance was documented 
in IA field populations only six years after 
release!  (Gassmann et al. 2011)
2011   NE  (Wangila et al. 2015) 
             MN (Zukoff et al. 2016)          
2016* ND (Calles-Torrez et al. 2019).

Cry3 cross-resistance
2011  IA (Gassmann et al. 2014) 
          MN (Zuckoff et al. 2016)

Cry3Bb1 + Cry34/35Ab1 resistance 
2013  MN (Ludwig, et al. 2017)
2016  ND (Calles-Torrez et al. 2019)
2017  IA   (Gassmann et al. 2019)
2018  NE (Reinders et al. 2021) 

Year Protein toxin(s)/Trait
Cry3Bb1

YieldGard RW  ( in VT3P)
Cry34/35Ab1
Herculex RW

mCry3A
Agrisure RW

Cry3Bb1 + Cry34/35Ab1
SmartStax

mCry3A  + Cry34/35Ab1
AcreMax Extreme 

mCry3A + eCry3.1Ab1
Duracade

Cry3Bb1 + Cry34/35Ab1 + DvSnf7
SmartStax Pro 

2022

 Commercialization  timeline  (USA)

2003

2006

2007

2010

2012

2014
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NCR Field-evolved resistance

Cry3Bb1 + Cry34/35Ab1 resistance 
2018  ND (Calles-Torrez et al. 2019) 
2018  IA  and 2019 MN* (Pereira et al. 2023) 

Year Protein toxin(s)/Trait
Cry3Bb1

YieldGard RW  ( in VT3P)
Cry34/35Ab1
Herculex RW

mCry3A
Agrisure RW

Cry3Bb1 + Cry34/35Ab1
SmartStax

mCry3A  + Cry34/35Ab1
AcreMax Extreme 

mCry3A + eCry3.1Ab1
Duracade

Cry3Bb1 + Cry34/35Ab1 + DvSnf7
SmartStax Pro 

2022

 Commercialization  timeline  (USA)

2003

2006

2007

2010

2012

2014



Extension Resources

• NDSU Extension IPM Crop Survey 

Hartstack Wire Trap ECB Corn rootworm
Yellow sticky trap



NDSU Extension IPM Crop Survey

69% northern corn rootworm 
31% western corn rootworm

37% fewer moths than 2022



Extension Resources
• Corn Rootworm Adult Monitoring Network – Iowa State University

– https://www.arcgis.com/apps/MapSeries/index.html?appid=008cd878003f44fca4d
8a6b5f0fe7b1c

Yellow sticky trap

https://www.arcgis.com/apps/MapSeries/index.html?appid=008cd878003f44fca4d8a6b5f0fe7b1c
https://www.arcgis.com/apps/MapSeries/index.html?appid=008cd878003f44fca4d8a6b5f0fe7b1c


Corn 
Rootworm 
Adult 
Monitoring 
Network



Corn Rootworm Adult Monitoring Network



Montana

Minnesota

Field sites
Corn rootworms 

(Western & Northern)

Photo: P. Beauzay, 
NDSU



0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Non-Bt Cry3Bb1 Cry3Bb1 + Cry34/35Ab1

La
rv

al
 su

rv
iv

al
 (p

ro
po

rt
io

n)

Lab control population
Arthur (Problem population)
Page (Problem population)
Page (Control population)
Sargent population
Ransom population

a a

d d d dd

c

dddd

b

a
a

a

a

cd

Proportional larval survival of NCR populations on Cry3Bb1, 
Cry3Bb1 + Cry34/35Ab1, and non-Bt corn hybrids in ND, 2017
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LSMEANS (with the PDIFF option). Alpha values were adjusted by using a Bonferroni correction.

Calles-Torrez et al. 2019. J. Econ. Entomol. 112(4): 1875–1886 
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LSMEANS (with the PDIFF option). Alpha values were adjusted by using a Bonferroni correction.

Proportional larval survival of NCR populations on 
Cry34/35Ab1 and its non-Bt corn hybrid in ND, 2017

Calles-Torrez et al. 
2019. J. Econ. 
Entomol. 112(4): 
1875–1886 



Corrected proportional larval survival (mean ± SEM)
Population site Cry3Bb1 Cry34/35Ab1 Cry3Bb1 + Cry34/35Ab1
Arthur (problem population) 0.51 ± 0.05a 0.54 ± 0.04a 0.13 ± 0.03a
Page (problem population) 0.02 ± 0.01b 0.51 ± 0.05a 0.04 ± 0.02b
Sargent 0.09 ± 0.04b 0.45 + 0.06a 0.01 ± 0.01b
Ransom 0.03 ± 0.02b 0.41 ± 0.05a 0.02 ± 0.02b
Lab (control population) 0.03 ± 0.02b 0.18 ± 0.05b 0.02 ± 0.02b
Page (control population) 0.03 ± 0.01b 0.13 ± 0.05b 0.00 ± 0.00b

Corrected larval survival of ND NCR populations on Cry3Bb1, 
Cry34/35Ab1, and Cry3Bb1 + Cry34/35Ab1 corn, 2017

Means sharing a letter within a Bt corn hybrid are not significantly different based on a one-way mixed-
model ANOVA (P < 0.05) and LSMEANS (with PDIFF option). Alpha values were adjusted by using a 
Bonferroni correction test.

Calles-Torrez et al. 2019. J. Econ. Entomol. 112(4): 1875–1886 



 The first known cases of field-evolved 
resistance in NCR populations to 
Cry3Bb1 (Arthur population) and 
Cry34/35Ab1 (Arthur, Page problem 
population, Ransom, and Sargent 
populations) were characterized in ND.

 Increased larval survival on 
pyramided Cry3Bb1 + Cry34/35Ab1 
corn was observed in NCR species.

Conclusions

Photo: Eric Quale, CS AgriSolutions





Send any questions to: 
janet.knodel@ndsu.edu

701-231-7915

mailto:janet.knodel@ndsu.edu
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Survival of NCR larvae that fed on maize seedlings expressing Cry3Bb1

Survival of NCR larvae that fed on maize seedlings expressing Gpp34/Tpp35Ab1

Pereira.et al. 2023. 

Slide courtesy Dr. Fei Yang

Another reason to steward management tools -
NCR populations that are both rotation resistant 
and Bt-resistant!
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Rootworm Traits with RNAi Mode of Action

Slide courtesy Dr. Fei Yang
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RW trait efficacy Lamberton, MN 2023 

1.46

0.14
0.00 0.01

0.95

0.40

0.03
0.14

0.0

0.5

1.0

1.5

2.0

2.5

3.0

VT2P SSTX SSPRO VT4P VT2P SSTX SSPRO VT4P

N
od

e 
In

ju
ry

 S
co

re
 (0

-3
) +

/-
SE

M

CRW Trait 

a

c c

ab

abc

c
c

bc

Hybrid Group BHybrid group A

NIS < 0.25 = Low risk
NIS > 0.50 UIR

RW TOXINS
VT2P - None

SSTX - Cry3Bb1+ 
Cry34/35Ab1

SSPRO - CryBb1 
+ Cry34/35Ab1 
+RNAi

VT4P - Cry3Bb1 
+RNAi



31

© 2024 Regents of the University of Minnesota. All rights reserved. Bruce Potter 2024

What about traits (consistency)?

Lamberton, MN 2023
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How about efficacy of RNAi

 Compared to Bt, RNAi is slow in 
killing CRW (-5 days)

 Sublethal effects? Potential 
resistance?

 Resistant WCR was developed in lab 
from field-collected beetles

 Reduced uptake of dsRNA
 No cross-resistance to Bt traits
 Cross-resistant to other dsRNAs

Slide courtesy of Dr. Fei Yang 



33

© 2024 Regents of the University of Minnesota. All rights reserved. Bruce Potter 2024

Below-ground (coleoptera):
Cry3: Cry3Bb1, mCry3A, eCry3.1Ab
Cry34/35Ab1: Gpp34/Tpp35Ab1
RNAi: snf7 gene
Cry75Aa: Mpp75Aa1
Vip4: Vpb4Da2

MON 95275 (Canada)

Cry75Aa (MPP75Aa)

Vpb4 (Vip4)

IPD072Aa (Not a Bt protein)

Slide courtesy Dr. Fei Yang
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Insecticide efficacy on WCR
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Management practices are not necessarily additive.

High pressure (1.4 - 2.0 NIS) WCR  populations

Management Benefit of treatment
Bt traits* 0.5 to 2.0 nodes (24 -100%)
Granules up to 1.7 nodes (34 -99%)
Liquids up to 1.3  nodes (0 - 98%)
Seed applied (RW rate) up to 0.6 nodes (24 -33%)

Cry3 resistant populations w/ evidence of Cry 34/35 resistance

Benefits of RW control in SW MN

*Traits may be even less effective on some populations
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HOW
• Egg laying ~ 2 weeks after 

beetles emerge
• Scout twice a week
10% of females gravid
1 beetle/plant
• Re-spray as needed 

Managing CRW: Reducing egg-laying

Ostlie and Leaf rev. 2022
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Knowledge Is: Power, Safety, and Happiness! 
(Thomas Jefferson)

Scout weekly from ~ 2 weeks after CRW beetle 
emergence begins to …

Traps vary in effectiveness

Beetles with incomplete resistance emerge later
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Beetle populations
• Field and area

Root evaluation
• Ongoing problem?
• Management issues?

Species ID  
• Will rotation or Bt work?

Managing CRWs: Decisions…Decisions
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• Monitor both species in corn
Scout efficiently

• Field-based management but…
ED varies by geography and field

• Logistics, capabilities, attitude
How many fields can you scout?

Managing ED: Decisions…Decisions
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A tale of two rootworms

Western corn rootworm (WCR) Northern corn rootworm (NCR)

Rotation is the most effective 
management tool in the 
Western corn belt.

Don’t rely on RNAi in very 
heavy infestations.

May need to combine 
insecticide overlays for 
resistant populations

ED lessens rotation efficacy.

Combine rotation with root 
type, insecticides, or Bt.

Mobile adults and weather 
make ED prediction difficult. 
Pay attention to area’s late 
summer beetles.
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A guide to less corn rootworm stress

Know your risk
    Your fields are unique
    “No problem” is a data point

Be unpredictable
    Use the whole toolbox

Be adaptable
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Thank you for your 
attention!

Any questions?
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European corn borer
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Map from Smith and Farhan 2023

Slide courtesy of Dr. Fei Yang
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 During 2019-2022, practical Cry1F resistance in ECB has 
expanded into other locations in Canada.

• Cry1F resistance in 52% of strains (12 of 23)
• 10 in NS, 1 in QC**, 1 in MB**
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▪ Non-Bt field in Crookston, MN
▪ 1000 plants sampled on Oct 1-2, 2023
▪ Approximate 30-35% corn plants damaged by ECB
▪ 130-140 ECB larvae were collected and reared in the lab
▪ Results in spring

Slide courtesy Dr. Fei Yang
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