
New corn traits for 2022:
What do they mean for resistance 

management?

Christian Krupke



Most corn is Bt corn, targeting all key 
pests

• Approximately 85% of corn 
expresses Bt toxins

• Very few single-trait 
varieties (i.e. usually 
several stacked traits)

• Virtually all corn seeds are 
treated with at least one 
neonicotinoid seed 
treatment (NST)



Living in a Bt corn world: Pros
§ Reduced overall use of some older, more 

toxic (to vertebrates) insecticide classes
§ High selectivity 
§ Worker exposure to toxic chemicals 

reduced

Living in a Bt corn world: Cons
§ Limited options, limited variability = 

constant selection pressure, resistance 
risks are high, especially for low dose 
toxins



Fall Armyworm*

*Dr. Kelley Tilmon, OSU “Insects Are Full of Surprises: Field Crop 
Gotchas in 2021”
Wednesday, Dec. 15 at 8AM and 1PM





• Resistance to traits is common in US 
corn production

• Vip3a trait stands alone vs. corn ear 
feeders (caterpillars) in many regions

• No reliable rootworm control with traits 
in parts of IA, MN, NE etc.

• BUT… still satisfactory in most of IL, and 
eastward

• Rotation of crops, and technologies, is 
key



Western corn rootworm (WCR) resistance 
to Bt traits since introduction 



June 2018

January 2021



https://croplife.org/wp-content/uploads/2017/02/RNAi.png



§ Initial trials show very low rootworm survival (similar to early 
days of Cry3Bb1) in the field when combined with existing Bt
traits (will not be available on it’s own)

§ BUT – still not a “high dose” toxin… no reason to expect a 
different outcome than what we have seen with current Bt
offerings

§ Bottom line: Don’t count on refuges to avoid resistance. 
ROTATION of crops and management approaches will be key

RNAi: Helpful, but not “game-
changing” for WCR management



Previous research has shown: WCR from Bt and refuge 
plants have 1) different emergence timings, and 2) 
vary in size. 

Hypothesis – There is limited mating between 
resistant and susceptible beetles in refuges.

Problem – Who mates with who, and when? Where did these 
adult beetles feed as larvae? A permanent mark was needed to 
characterize beetles… 

Bt corn, WCR, and refuges



BUT… Nitrogen can 
sometimes have 8 
protons in the 
nucleus (atomic 
mass = 15N) but still 
behaves as 14N

Periodic Table Review!



Using stable isotopes as markers
15N is found in environment, but 
very uncommon (14N is dominant)

Enriching any substrate with 
“store-bought” 15N can provide a 
harmless, stable and permanent 
marker 

• Example: 15N spiked diet used to 
determine transfer of nitrogen 
from male to female to eggs 
(Murphy & Krupke 2011).



Tracking WCR mating in Bt/refuge environments

Methods
§ Compared two 

treatments:
– Neonicotinoid treated 

hybrid seeds, 5% untreated 
Refuge (Bt+)

– Untreated Bt seeds, 5% 
untreated Refuge (Bt-)

§ Replicated at two field 
locations for two growing 
seasons (2019, 2020) at 
TPAC and PPAC

Kathleen Miller
MS 2021



Corn Rootworm 
Insect Resistance Management (IRM)

§ 5% Refuge is planted to provide non-Bt 
environment for larvae to feed and survive
– Produces population of susceptible beetles 
– Refuge beetles theoretically mate with Bt-fed beetles 

to produce Bt-susceptible heterozygous offspring to 
delay resistance evolution

§ Unknown: does the refuge corn (5%) provide 
enough beetles to mate with Bt-fed beetles?



Methods
§ Refuge handplanted and flagged

– Refuge plants labeled with 15N soil 
drench in using pressurized backpack 
sprayer
•15N marked refuge-fed insects

Tracking mating in Bt/refuge environments



Refuge 15N Labeling



Refuge 15N Labeling

15N



Refuge 15N Labeling

15N





Methods
§ Beetle collection

– 8 random rows at each field were 
sampled 2-3 times/week

– Adults were collected into a 30 mL 
amber glass vial with a funnel 
attachment. Mating pairs were collected 
and stored together.

§ Head capsule width and dry weight 
were recorded, and larval host 
identified using stable isotope testing

Tracking mating in Bt/refuge environments



§ Goal of 5% untreated refuge:
– Produce sufficient population of refuge beetles to 

mate with Bt-fed beetles and delay resistance 
evolution

Results
§ Adult beetle population

– 2019: 1028 beetles
– 2020: 2901 beetles
– Representative sample of 493 beetles in 2019 and 

594 in 2020
§ Proportion of refuge beetles:

• 2019 Bt+ fields collected 0.91% refuge beetles
• 2019 Bt- fields collected 2.93% refuge beetles
• 2020 Bt+ fields collected 2.86% refuge beetles
• 2020 Bt- fields collected 4.01% refuge beetles

John Obermeyer

Tracking mating in Bt/refuge environments
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Proportion of Beetles Collected 
from Bt+ Plots in 2020

2.86% Ref
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Proportion of Beetles Collected 
from Bt- Plots in 2020

4.01% Ref
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§ 12 of 33 (36%) total refuge beetles collected 
were males
– 2019: 4 refuge males collected, 343 Bt-emerged 

females collected
– 2020: 8 refuge males collected, 335 Bt-emerged 

females collected

§ Males mate avg 2.24 times within 10 days after 
first mating (Kang & Krupke, 2009)

– 2019: ~13 (12.96) females mated by refuge males
– 2020: ~26 (25.92) females mated by refuge males

§ 330 (or 96%) in 2019 and 309 (or 92%) in 2020 
of remaining Bt-emerged females to potentially 
mate with Bt-emerged males in these plots…

John Obermeyer

Tracking mating in Bt/refuge environments



Size matters!
Large mates preferred…

Results
§ 2019 Head capsule and dry weight

– Significant difference in mean head 
capsule width and dry weight
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Conclusions
§ Very low numbers of refuge beetles produced by 5% seed 

blend 
– Beetles developing from refuge are not doing much to delay 

resistance development
– Even with an untreated (no neonicotinoid seed treatment) refuge, a 

sufficient population of refuge beetles was not produced

§ Larger RIB refuges would facilitate greater degree of mixed 
matings, but not likely to happen

John Obermeyer



Good news - RW pressure 
levels
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Are Bt traits still the best default option?
• Combined pricing data 

for traits vs. untraited
corn from nine “Corn 
Belt” states (IA, IL, IN, MI, 
MN, ND, NE, OH, SD)

• Pricing data, corrected 
for inflation

• Take-home message: 
traits cost more than 
they used to… but is it 
worth it?



9 states, 697 observations (2003-2020)

Multi-state survey of corn trap crops



Trait costs vs. Rootworm damage
Yieldgard-RW introduced

SmartStax introduced

• When root damage pressure 
is included, we see a 
negative slope across the 
region

• Why? Probably because of 
trait use, insecticide use, 
weather etc. 

• Take-home message: for most 
producers, the risks from 
rootworm are at historic lows



Benefits from planting RW corn begin 
at around 60-65% adoption



https://ncga.com/stay-informed/media/in-the-news/article/2021/06/its-time-to-take-action-during-pest-week



https://ncga.com/stay-informed/media/in-the-news/article/2021/06/its-time-to-take-action-during-pest-week

There may be another option…



RW pressure levels, again

0

0.5

1

BT BT +
NST

None NST

M
ea

n 
R

oo
t R

at
in

g 
(0

-3
)

Treatment

2018 Mean Root Rating

0

0.5

1

BT BT +
NST

None NST

M
ea

n 
R

oo
t R

at
in

g 
(0

-
3)

Treatment

2019 Mean Root Rating

0

0.5

1

BT BT +
NST

None NST

M
ea

n 
R

oo
t R

at
in

g 
(0

-3
)

Treatment

2020 Mean Root Rating

John Obermeyer



-3 year study, continuous 
corn at 3 IN locations
-low pest 
pressures/damage, some 
RW pressure in year 3, 
but not yield differences

-4 year study (2017-20), 5 Indiana locations
-low pest pressures/damage, no yield differences
-rootworm damage at one location only, 
beginning in year 4



Challenge:
Fewer options for seed and ag-chem choices

• Limited options/choices for US farmers = “one size fits all” 
pest management



Final thoughts
• RNAi will be helpful for high RW pressure, but 

expect similar results to previous Bt offerings

• Do not rely on 5% seed mix refuge to delay 
resistance – it is doing little or nothing

• Most Indiana growers do not need to invest in 
additional RW protection



The End


