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Current Rootworm Situation in lllinois

Populations (esp. NCR) have

INncreased 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 availlable Bt traits iIn some areas
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Western Corn Rootworm State Average
Average number of beetles per plant
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Northern Corn Rootworm State Average
Average number of beetles per 100 sweeps
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Western Corn Rootworm State Average
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
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Produced by CropScape
http://nassgeodata.gmu.edu/CropScape
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Four Bt proteins, “two” modes of action,

several combinations

SmartStax = Cry3Bb1l + Cry34/35Ab1 Similar mode of
action(“Cry3” traits)

Acremax Xtreme = mCry3A + Cry34/35Ab1l . Cry3Bb1
Qrome = mCry3A + Cry34/35ADb1 + mCry3A
Agrisure 3122 = mCry3A + Cry34/35Ab1l « eCry3.1Ab
Duracade = mCry3A + eCry3.1Ab Distinct mode
of action

. Cry34/35Ab1

Cross-resistance in WCR among Cry3Bb1, mCry3A, eCry3.1Ab
Fithess cost reported for Cry34/35Ab1 resistance, but not for Cry 3 resistance

https://www.texasinsects.org/bt-corn-trait-table.html
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Rootworm Trait Packages with RNA-interference Mode of Action

SmartStax Pro Vorceed Enlist VT4Pro
Bayer Corteva Bayer
Limited release: 2022 Limited release: 2023 Estimated commercial
Commercial release: 2023 Larger release in release in 2024

) _ subsequent years Above-ground:
Above-ground: Cry1A.105, Cry2Ab2,

CrylA.105, Cry2Ab2, CrylF Above-ground:

Cry1A.105, Cry2Ab2, Cry1F Vip3Aaz0

Below-ground: Below-ground:

Cry3Bb1, Cry34/35Ab1, Below-ground:
DvSnf7 dsRNA Cry3Bb1, Cry34/35Ab1, Cry3Bbl, DvSnf7 dsRNA
L DvSnf7 dsRNA Herbicide:
Herbicide: vohosate
glyphosate, glufosinate Herbicide: glyphosate, giyp

glufosinate, 2,4-D

SmartStaxX PRO VORCEED) Vi4pro

With RNAj TECHNOLOGY
T ILLINOIS farmdoc




a siRNA pathway

HOW d OeS RNAI Work? 5|||||E|TT||T[|THTE_|[:T|F:T|T|||||3
« Traited corn expresses double stranded RNA that [Q“"-Dq
codes for an essential rootworm protein s A

e ?[ G
* Cellular machinery of the rootworm essentially T
recognizes this dsRNA as “foreign”, &S
prevents protein expression | oo™
= )
« Because this protein is essential for rootworm growth, |
the insect dies in ~5 days
* Requires both a local and a systemic response U SRS
(response spreads among cells) antial fechon. o
— both occur readily in beetles o 2 2020,

Annu. Rev. Entomol. 65;: 293-311
T ILLINOIS farmdoc



Rootworm Trait Packages with RNA-interference Mode of Action
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With RNAj TECHNOLOGY
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Potential for resistance

Resistant western corn roo.tworm
population was developed in lab i
from field-collected beetles e
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RESEARCH ARTICLE
Development and characterization of the first
dsRNA-resistant insect population from
western corn rootworm, Digbroticg virgifera
virgifera LeConte

Chitvan Khajuria*, Sergey Ivashuta, Elizabeth Wiggins, Lex Flagel, William Moar,
Michael Pleau, Kaylee Miller, Yuanji Zhang, Parthasarathy Ramaseshadri,
Changjian Jiang, Tracey Hodge, Peter Jensen, Mao Chen, Anilkumar Gowda,
Brian McNulty, Cara Vazquez, Renata Bolognesi, Jeffrey Haas, Graham Head,
Thomas Clark

Monsanto Co., 700 Chesterfield Parkway West, Chesterfield, Missouri, United States of America

* chitvan, khajuna@rnonsanto,com

Abstract

The use of dsRNA to control insect pests via the RNA interference (RNAi) pathway is being
explored by researchers globally. However, with €very new class of insect control com-
pounds, the evolution of insect resistance needs to be considered, and understanding resis-
tance mechanisms is essential in designing durable technologies and effective resistance
Mmanagement strategies. To gain insight into insect resistance to dsRNA, a field screen with
subsequent laboratory selection Wwas used to establish a Population of DvSnf7 dsRNA-resis-
tant western com rootworm, Diabrotica virgifera virgifera, a major maize insect pest. WCR
resistant to ingested DvSnf7 dsRNA had impaired luminal uptake and resistance was not
DvSnf7 dsHNA—speciﬁo, asindicated by cross resistance to all other dsRNAs tested., No

resistance was inherited recessively, located on a single locus, and autosomal. Together
these findings will provide insights for dsRNA deployment for insect pest control.

Introduction

Transgenic maize expressing Bacillys thuringiensis (By) proteins has been rapidly adopted on
farms across the Midwestern U.S. Corn Belt to control WCR, Diabrotica virgifera virgifera
LeConte and other corn rootworm (CRW) species|1, 2]. However, at least some resistance has
been reported to all five Bt proteins currently used to control WCR[3-3], emphasizing the
need for alternative Mmanagement tools,

Since the first report of expressing insecticidal dsRNA in plants[9], the use of dsRNA to
control insect pests via the RNA interference (RNAi) pathway has been explored by numerous
researchers globally[10-15). DvSnf7 dsRNA-expressing maize (Zea mays 1..) targeting Western
corn rootworm (WCR) was the first insecticidal dsRNA-expressing plant registered by US

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

insects

Review

The Use of Insecticides to Manage the Western Corn Rootworm,
Diabrotica virgifera virgifera, LeConte: History, Field-Evolved
Resistance, and Associated Mechanisms

Lance J. Meinke ¥, Dariane Souza 2% and Blair D. Siegfried 2

1 Department of Entomology, University of Nebraska, Lincoln, NE 68583, USA

2 Entomology and Nematology Department, University of Florida, Gainesville, FL 32611, USA;
dariane.souza@ufl.edu (D.S.); bsiegfried1@ufl.edu (B.D.S.)

*  Correspondence: Imeinkel@unl.edu

Simple Summary: The structure of agricultural enterprises in the western United States Corn Belt
(large irrigated monocultures, continuous planting of maize, strong aerial pesticide application and
livestock industries) has led to a tradition of extensive insecticide use over time to manage the western

’ o ©iosephL. spencer

Annu. Rev. Entomol. 2009. 54:303-21

‘The Annual Review of Entomology is online at
ento.annualreviews.org

This article’s doi:
10.1146/annurev.ento.54.110807.090434

Copyright (©) 2009 by Annual Reviews.
All rights reserved
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3Department of Crop Sciences, Georg-August University Gottingen, D-37077,
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Key Words
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Abstract

The western corn rootworm, Diabrotica virgifera virgifera LeConte, is
an established insect pest of maize (Zea mays 1..) in North America. The

ratation of maize with anather eron nrincinallv cavheans Ghicine may

insects

Review

Resistance to Bt Maize by Western Corn Rootworm: Effects of
Pest Biology, the Pest—Crop Interaction and the Agricultural
Landscape on Resistance

Aaron J. Gassmann

Department of Entomology, lowa State University, Ames, IA 50011, USA; aaronjg@iastate.edu

Insects 2021, 12, 136. https:/ / doi.org/10.3390/ insects12020136

https:/ /www.mdpi.com/journal/insects
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Bt Traits for Corn Rootworm Management

() Four Single Bt toxins
S| for corn rootworm management
| have been commercialized:

* Cry3BDb1 (Yieldgard Rootworm)

 mMCry3A (Agrisure RW) “Cry3” toxins
* eCry3.1Ab (Agrisure Duracade)

* Cry34/35ADb1 (Herculex CRW)

T ILLINOIS farmdoc



Bt Traits for Corn Rootworm Management
( Pyramided rootworm Bt Rootworm Bt trait/toxin

hybrids express commercialization dates:
>2 rootworm Bt toxins 2003: Cry3Bb1
in a single plant. 1 2006: Cry34/35ADb1
. \ 2007: mCry3A
* Multiple MOAs are more

2010: Cry3Bb1 + 34/35Ab1
2012: mCry3A + 34/35Ab1
2014: eCry3.1Ab + mCry3A

durable; larvae need to be
resistant to =2 Bt toxins.

* To fully exploit the benefits, 2022: Cry3Bb1 + 34/35Ab1
novel toxins should be + DvSnf7 (RNAI)
pyramided.

T ILLINOIS farmdoc



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
Cry3Bb1l, mCry3A, and eCry3.1Ab

= Gassmann et al. 2014. PNAS
https://doi.org/10.1073/pnas.1317179111

- Zukoff et al. 2016. J. Econ. Ent. <8
https://doi.org/10.1093/jee/tow073 PMID: 27106225 =

X ILLINOIS



Rootworm Resistance to Bt Traits
2016 - 2019

Confirmed reports of field-evolved resistancep
to Cry34/35ADb1 in lowa 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
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Rootworm Resistance to Bt Traits
2019

Confirmed reports of field-evolved
resistance to Cry3Bb1l & Cry34/35Ab1
In North Dakota WCR & NCR!

= Calles-Torrez et al. 2019. J. of Econ. Ent.
DOI: 10.1093/jeel/toz111

X ILLINOIS



2022 lllinois Bt Resistance Status

(XY | KB (~2012-2022)

Bl 2 M WINNEBAGO MCHENRY
y ‘; BOONE LAKE ) . .

: 3 .5  Counties with Bt resistance
in continuous corn.
}_,..j,;"'ﬁr “ X

’ ”: K

““ROCK
ISLAND

M «ok\ ¢ Counties with Bt resistance
IN rotated corn.

KENDALL

BUREAU

 Injury due to Bt resistance
possible in at least northern
half of lllinois.

GRUNDY

MARSHALL

WOODFORD

PEORIA

rowoss | o Evidence of Cry3Bbl
. resistance found wherever
WCR were tested.

FULTON
TAZEWELL MCLEAN

pEwIy / vemuon| o Cry34/35ADb1 reduced
. susceptibility or resistance
MACON present in recent years.

DOUGLAS

MORGAN EDGAR

MOULTRIE
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Single-plant Bt-resistance bioassay (Gassmann et al. 2011)
Single Bt trait hybrids (Cry3Bb1 + Cry34/35ADb1) + isolines
SmartStax® PRO family of hybrids

- Suspected “R” populations vs. USDA Bt-susceptible WCR
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2022 1L
Single Trait Bt Bioassay

14 Champaign Co., IL WCR . Suspected resistant a ? @ |
(n=3) [ ] USDA Bt susceptible T T
b ]
Proportion
0:0- a 196 3rd instar
0.4 a @ a Cc | larvae
“la 4 @ T (+SEM)
b | b
b T i b
T T I I_:E_| T T T T T T T T T T T T =
non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid
Cry3Bb1 family Cry34/35Ab1 family Cry3Bb1 family Cry34/35Ab1 family

Single Bt trait expressed in plants

farmdoc



(1 2022 IL
Single Trait Bt Bioassay

. [/
14 Champaign Co., IL WCR B Suspected resistant a é 1 d 11
(n=3) []USDA Bt susceptible I = = 7
0.8 10.8
Proportion | | Proportion
larval 27 a 196 3rd instar
survival ; q @ 5 a c | larvae
@SEM) %1 a > 1 @ 194 (+SEM)
0.2- Q | b 102
L F | m:
07 T T I I_:E_| T T T T T T T T I T T I == O
non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid
Cry3Bb1 family Cry34/35Ab1 family Cry3Bb1 family Cry34/35Ab1 family

Single Bt trait expressed in plants

T ILLINOIS farmdoc



2022 1L
Single Trait Bt Bioassay

@'

—
14 Warren Co.. IL WCR [l Suspected resistant ‘ a 4d a a d 11
| (n=1) [ JuspABt susceptible % ’_I_‘ } I [E% |
0.8- 10.8
- a -
Proportion ' ' Proportion
larval 8 ab 19© 3rd instar
survival 04 ' b b ’ 0.4 larvae
(SEM) | T b |%* (SEM)
0.2- l 10.2
' C D |
0 n T T T I_:E_l T T T T T | T T T T T I I —t= 0
non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid
Cry3Bb1 family Cry34/35Ab1 family Cry3Bb1 family Cry34/35Ab1 family

Single Bt trait expressed in plants
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(1 2022 IL
Single Trait Bt Bioassay

1- Warren Co., IL NCR [l Suspected resistant Ta a d La a 11
(n=1) | (11 1SDA Bt susceptible N ’—P . ]
| a a |
0.8 T a 3 %ca\ g 0.8
Proportion | =1 T_ b Proportion
larval 91 o) b T 1%° 3rdinstar
survival 04 ' ' 04 larvae
*SEM) %4 . 194 (SEM)
T
0.2- T 10.2
| b
07 T T T |+| T T T T T T T T T T I T T
non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid non-Bt hybrid Bt hybrid
Cry3Bb1 family Cry34/35Ab1 family Cry3Bb1 family Cry34/35Ab1 family

Single Bt trait expressed in plants
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Proportion
larval
survival
(xSEM)

X ILLINOIS

(n_3) SSSSSSSSSSS ptible | & ﬁ i I_I_
0.8
0.6 a
N 2 c
ﬂ—‘ a
—
b b
B o
T T T T T T T T T T T T T =F=
1 Wi Co., IL WCR Il Suspected resistant |ﬁ a a g a 4
(n=1) [[] USDA Bt susceptible e ﬂ—‘ o T
0.8 a
a
0.6 ‘ ab % B
| b ab
0.4 i L b
02- b)
C b
0_ T T T ’_:[_| T T T T T ’+‘
1 Wi Co., ILNCR [l Suspected resistant " ca a a a
(n=1) L] USDA Bt susceptible | i {» i —~ %
a
0dl 2 a
e 2 T ab _
b
0.6 b
b ]
0.4
C 4

2022 IL Single Trait Bt Bioassay

Proportion larval survival

Proportion 3rd instar larvae

4 Champaign Co., IL WCR

M suspected resistant

10.8

H0.

40.2

40.8

" Bthybid

"non-Bihybrid Bt hybrid

non-Bf hybrid Bt hybrid | "non-Bf hybrid Bt hybrid

10.8
406
10.4

402

106

~

106

104

102

Cry3Bb1 family

Cry34/35Ab1 family

Single Bt trait expressed in plants

Cry3Bb1 family Cry34/35Ab1 family
Single Bt frait expressed in plants

Proportion
3rd instar
larvae
(xSEM)

* NCR & WCR survive

equally well on Cry3Bb1l
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.

farmdoc



WCR Resistance to Bt traits is increasing in lllinois

1.24 WCR C.S.=-149.286 + 0.074*Collection Year o  Corrected survival
1Adjusted R® = 0.487 o (C.S.) is the quotient
WCR larval 1.0 F,3=37.13, P<0.001 of larval survival on
corrected . .
a Bt maize hybrid

survival (C.S.) o8- .
on single-trait divided by larval

(Cry3or 4. survival on the
Cry34/35ADb1) non-Bt hybrid.
Bt corn hybrids | |
(*SEM) | + Lower values
0.2 Indicate greater
efficacy.

. | For n=39 Champalgn Co., IL WCR populatlons

2012 2014 2016 2018 2020 2022
Population collection year

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



2022 IL SmartStax® Pro Bioassay

1-{ Champaign Co., L WCR | ] Suspected resistant a a 1
(n=3) [ ] USDA Bt susceptible T
0.8- + +0.8
Proportion Proportion
larval 0.6 196 3rd instar
survival o 5 o larvae
(rSEM) 3 a b T b " (£SEM)
0.2 e +0.2
cd bc d l b
07 T T T T T 70
VT2P SSX SSX PRO VT2P SSX SSX PRO
hybrid hybrid hybrid hybrid hybrid hybrid
(non-CRW Bt) (Bt pyramid) (Bt pyramid+) (non-CRW Bt) (Bt pyramid) (Bt pyramid+)

SmartStax® PRO family of corn hybrids
(Cry3Bb1 + Cry34/35 + ds RNA)
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2022 IL SmartStax® Pro Bioassay

1{ Champaign Co., L WCR | ] Suspected resistant a a
(n=3) [ ] USDA Bt susceptible - -
0.8 o
Proportion
larval 061
survival o
@SEM) Yl a4 o
0.2 == I —
cd bc d
0- - \
VT2P SSX SSX PRO VT2P SSX SSX PRO
hybrid hybrid hybrid hybrid hybrid hybrid
(non-CRW Bt) (Bt pyramid) (Bt pyramid+) (non-CRW Bt ) (Bt pyramid) (Bt pyramid+)
SmartStax® PRO family of corn hybrids
(Cry3Bb1 + Cry34/35 + ds RNA)
X ILLINOIS

Proportion
3rd instar
larvae
(£SEM)
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Proportion
larval
survival
(£SEM)

X ILLINOIS

2022 IL SmartStax® Pro Bioassay

0.8

0.6

0.4

0.2

Warren Co., IL WCR [l Suspected resistant a 3
(n=1) [ ] uSDA Bt susceptible i T
—
a a
—I—
VT2P SSX SSX PRO VT2P SSX SSX PRO
hybrid hybrid hybrid hybrid hybrid hybrid
(non-CRW Bt) (Bt pyramid) (Bt pyramid+) (non-CRW Bt) (Bt pyramid) (Bt pyramid+)

SmartStax® PRO family of corn hybrids
(Cry3Bb1 + Cry34/35 + ds RNA)

-0.8

-0.6

Proportion
3rd instar
larvae
(£rSEM)
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Proportion
larval
survival
(£SEM)

X ILLINOIS

Warren Co., IL NCR a [l Suspected resistant | {1
(n=1) X , ? [1usDA Bt susceptible
1 -0.8
Proportion
06 3rd instar
04 larvae
| (+SEM)
C C c )
0* ‘i__\ T =:*_
VT2P SSX SSX PRO VT2P SSX SSX PRO
hybrid hybrid hybrid hybrid hybrid hybrid
(non-CRW Bt) (Bt pyramid) (Bt pyramid+) (non-CRW Bt) (Bt pyramid) (Bt pyramid+)

SmartStax® PRO family of corn hybrids
(Cry3Bb1 + Cry34/35 + ds RNA)
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2022 IL SmartStax® Pro Bioassay

Proportion larval survival

Proportion os-
larval o/
survival _ |

(xSEM)
0.2+

SSSSSS
hybrid hybrid hybrid hybrid ~ hybrid ~ hybrid

SmartStax® PRO family of corn hybrids
(Cry3Bb1 + Cry34/35 + ds RNA)

X ILLINOIS

Ny, _@§!
o )
[N

Proportion 3rd instar larvae e

o8 Proportion
¢ 3rd instar

larvae

* (£SEM)

« CRW survival on the SSX Bt
pyramid Is nearly equivalent to
survival on non-Bt VT2P iIn
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.
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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

X ILLINOIS



Bioassay and resistance summary:

* Bt resistance Is Increasing
* Resistance Is inevitable, we can slow it down.
* There iIs 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

T ILLINOIS farmdoc



https://go.lllinois.edu/PestManagementResearchReport
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Field Crop Insect and Disease Applied

CO n t r O I Research
EV al u atl O n S Annual Applied Research Report

2022 Applied Research Results: Field Crop Disease and Insect

2 2 2 2 Management
1 t O The 2022 Field Crop Insect and Disease Applied Research Report provides farmers with updated control

efficacy and pest distribution information for major pests of corn and soybean. Use these evaluations to guide

control decisions, track performance over time, and see trends in pest populations. Included in the 2022

guide:

¢ 12 separate field evaluations of traits and insecticides for controlling corn rootworm

e Insect pest surveys

e Ongoing Bt-resistance monitoring results

e Evaluations of foliar insecticides and seed treatments for insect pest control in soybean

e Summaries of weather and crop production for the 2022 growing season

2021 Applied Research Results: Field Crop Disease and Insect Management

I ILLINOIS e Surveys of key insect pests, including corn rootworm Japanese beetle, and dectes stem borer.
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O to 3 Node-Injury rating

Node Injury Scale Description

0 No damage

One node or the equivalent of

1 one node eaten within two inches of stalk
7 Two nodes eaten within two inches of stalk
3 Three nodes eaten within two inches of stalk

T ILLINOIS farmdoc



Evaluation of Traits in Combination with Insecticides

Urbana, IL 2019

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)

X ILLINOIS

CD

BCD

Non-Bt
(rootworm)

SmartStax RIB
(5% RIB)

AcreMax Xtra
(10% RIB)

Agrisure 3122
(5% RIB)

Node-injury ratings

2.0 2.5

farmdoc




Evaluation of Trait Packages with and without Aztec HC

Urbana, IL 20 July 2021 0.5 = unexpected damage
for a pyramided hybrid

Non-CRW Bt

Non-CRW Bt + Aztec HC (1.63 Ib/a)
SmartStax RIB

SmartStax RIB + Aztec HC (1.63 Ib/a)
Qrome

Qrome + Aztec HC (1.63 Ib/a)

Duracade EZ1 AB

Duracade EZ1 + Aztec HC (1.63 Ib/a)

0.201 F=15.72, df =7, 21, P < 0.001

0.0 0.5 1.0 15 2.0 2.5 3.0
T ILLINOIS 0-3 Node-injury rating farmdoc



Node injury rating

X ILLINOIS

Corn Rootworm Evaluation - Traits plus Aztec HC (1.63 Ib/a)

3.0 Urbana, IL 2022 (ABE Farm)
F=25.01,df=7,21, P<0.001
2.5 -
2.0 - A
A
1.5
A
1.0
B
BC BC
C
~ = -
e
0.0 |
Agrisure Agrisure Qrome Qrome+ VT Double VT Double SmartStax SmartStax
3220 3220 + Aztec Aztec HC Pro Pro + Aztec Pro Pro + Aztec
HC HC HC

farmdoc



Standard Evaluation of Corn Rootworm Traits and Insecticides
Urbana, IL 16 July 2021
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 Ib/a)
VT Double Pro + Force 6.5G (2 Ib/a) E
SmartStax CcD

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

DE

SmartStax + Force Evo (8 oz/a) E :
Agrisure 31100 (non-CRW Bt) ' B
Duracade : BC
Qrome BC
Non-Bt, no-IST : A

0.0 0.5 1.0 1.5 2.0 2.5 3.0

T ILLINOIS 0-3 Node-injury rating farmdoc



Corn Rootworm Evaluation - BASF-3 2022
3.0 Urbana, IL 2022 (ABE Farm)

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

"L

VT Double VT Double Smartstax+ SmartStax VT Double VT Double VT Double SmartStax
Pro Pro + Nurizma (1 + Nurizma Pro + Pro + Pro + Force Untreated
Untreated Nurizma (1 0z/a) (0.5 oz/a) BAS450UM BAS450UM Evo (8 oz/a)
oz/a) (1 oz/a) (0.5 oz/a)

2.5

2.0 -

Node injury rating

0.0

T ILLINOIS farmdoc



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

Hybrid group Corn rootworm trait package
3 3
o0
w 2.5 =
c i 2.5
g 2 > 2 A
~ 2
2 15 A S 15
) 4 B
T 1 B 2 1
< o C
20.5 © 05 |-~- ——— = R = = === = = = -
0 0 -
A B Non-CRW trait SmartStax SmartStax PRO
(VT2P)

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
T ILLINOIS farmdoc



Corn Rootworm Evaluation - Bayer SmartStax Pro 2022

3.0

2.5

2.0

1.5 -

Node injury rating

1.0

0.5 -

0.0

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

X ILLINOIS

VT Double Pro,
112d RM

SmartStax, 112d Smartstax Pro,

RM

111d RM

VT Double Pro,

114d RM

RM 115d RM

SmartStax, 114d SmartStax Pro,

farmdoc



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

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)

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

0.0 0.5 1.0 1.5 2.0 2.5 3.0
T ILLINOIS 0-3 Node injury rating

farmdoc



Node injury rating

X ILLINOIS

3.0

2.5

2.0

1.5

1.0 -

0.5

0.0

Corn Rootworm Evaluation - Monmouth 2022

F=24.74,df= 9, 27, P < 0.001

A AB
BC C
- . ﬁ— T €---=-- -———-
e F F mm D g
== . - -
I I I I
L}O lg.o L) 3 6};)6 '%)e @'7),’ Q. Q,b OO"@ o(r,-.f’
) ) s 2 % %o % c C
% % % % % O 2 x, % %
% CY Uy Hy Ay L A &, ©
%, % %é- A ) ‘o B X %,
¢ x ) %, ¢ x @ @ e
) A U < ) A 4 =
(3 o, () @ (3 o, ] S
& % 4 S e Za 4
% ‘e o Y% )
@ %, 14 %,
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Corn Rootworm Summary
lllinols

Step back in corn rootworm
pressure in 2022 after increasin
for several years

Bioassays continue to show
INncreasing resistance In
both species to all traits

X ILLINOIS



Corn Rootworm Summary
lllinoIs
Dramatic difference between

continuous corn and heavy rotation
regions within lllinois

* High rates of resistance, failures of pyramided traits,
high northern corn rootworm populations
north of [-80

* Low to no pressure in much of east central lllinois /

* Injury to first-year corn has been uncommon

X ILLINOIS



Corn Rootworm Summary
lllinols

Solil insecticides
have not lost efficacy In
lllinols field experiments

X ILLINOIS



Current management & N
recommendations N AT ’ N
Where unexpected damage W PR . el e

IS observed and/or
resistance Is expected:

Best option: Rotate field to soybean Unexpected daf?]age
(kills all WCR larvae In the soil at hatch) (EPA definition)
Next best: Use a soll insecticide * %% node pruned

Worst option: Continuous corn, pyramided hybrid

same trait package » 1 node pruned

' - Ingle-trait hybrid
Local practices have a demonstrated impact sihgie-trait hybr

on corn rootworm resistance development
X ILLINOIS farmdoc



Resources

Applied Pest Management Research

2018 to 2022 reports available

go.lllinois.edu/PestManagementResearchReport

UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN Give / Volunteer / Careers

Search this site Q

I College of Agricultural, Consumer & Environmental Sciences
Illinois Extension

Topics v Leam v  Events v  News  Connect v  Impact v  About v

Field Crop Insect and Disease Applied
Research

Annual Applied Research Report

2022 Applied Research Results: Field Crop Disease and Insect
Management

The 2022 Field Crop Insect and Disease Applied Research Report provides farmers with updated control
efficacy and pest distribution information for major pests of corn and soybean. Use these evaluations to guide
control decisions, track performance over time, and see trends in pest populations. Included in the 2022
guide:

* 12 separate field evaluations of traits and insecticides for controlling corn rootworm

o Insect pest surveys

* Ongoing Bt-resistance monitoring results

« Evaluations of foliar insecticides and seed treatments for insect pest control in soybean
* Summaries of weather and crop production for the 2022 growing season

2021 Applied Research Results: Field Crop Disease and Insect Management

* Surveys of key insect pests, including corn rootworm Japanese beetle, and dectes stem borer.

* Western and northern corn rootworm Bt resistance monitoring and field trait performance results
 Evaluations of fungicides and insecticides (both foliar and seed treatments) in corn and soybean
* Establishment of a long-term trial to explore entomopathogenic nematodes for rootworm control
* Summaries of weather and a production overview for the 2021 growing season

2020 Applied Research Results:

 Evaluations of foliar fungicides for control of frogeye leaf spot, white mold, purple seed stain, southern
rust and more in corn and soybean

o Surveys of major pests and diseases, including red crown rot, plant-parasitic nematodes in corn, soybean
gall midge, and the annual statewide insect survey

* Evaluations of insecticides and Bt traits for control of corn rootworms, as well as Bt-resistance bioassays
of western corn rootworm

Production information
go.lllinois.edu/cropcentral

ILLINOIS

farmdoc

ite:

farmdocpaiLy

fa rmdoc Market Prices ~ Sections  Tools

cropCENTRAL | Field Crop Production Resources
Latest Bulletin Article

Mar 24 | Weekly Climate Review & Weather Forecast

Todd Gleason  March 24, 2023

Spring has sprung but you wouldnt know it based on the weather, Average temperatures this week ranged from the low
to upper 305 state
temperatures and wi
and 8 degrees in Lee and McLean Counties, These extreme temperatures followed a winter season that was noticeably

between 4 and 10 degrees below normal for mid-March. The cooler week was led by very low

chills last weekend. Actual temperatures observed last weekend include 6 degrees in Will County

absent prolonged cold,

Recent Bulletin Articles v

Cooperators For
Spring Moth Trapping

Kelly Estes  March 20, 2023

Asin past years, our Moth Trapping
Networkis set to begin April 1 with
our spring migratory insects. We are
currently looking for cooperators to
monitor both black cutworm and
true armyworm teaps from April 1 -
May 31

Requirements for trapping;

* Setup traps provided.

« Check traps regularly. Ideally,
wed like traps (o be checked

daytohelp

Nitrogen For The
2023 Corn Crop

Emerson Nafziger
March 15, 2023

Helped more than hurt overall by
periods of dry weather during the
season, the 2023 llinois corn
averaged 214 bushels per acre, the
highest yield on record. WeTl look at
some results from N fertilizer trials
in 2022 and consider how we
manage N for the upcoming season.
Nrate

Figure 1 below shows N responses
for corn following soybean in nine N
rate trials in cental llinois in 2022
These are drawn using actual data
points (yields at each N rate
averaged over reps),

Listen To The All Day
Ag Outlook
Presentations

Todd Gleason  March 12,2023
March 7, 2023 University of llinois
Extension hosted a farmer
conference at the Beef House in
Covington, Indiana. The All Day Ag
Outlook has been held annually
since 1991, This year's event
showcased U of 1 College of ACES
farmdoc team members, WILLAg On
Air market analysts, the llinois
FBFM, agricultural weather, and
John Deere computer intelligence.
We are hopeful you find the linked
audio presentations from the day
insightful, These files have been
<compiled into a single playlist which
You may use to review or share the
content

Subscribe

Subscribe to receive email alerts when new
information is posted.

SUBSCRIBE

W Foliow SiLCropBulletin

The Bulletin by Month

Select Month

Categories

Crop Production
Diseases

Hemp

Insects

News

Soils
Uncategorized
USDA Reports
Weather

Weeds

The Bulletin Authors

Aaron Hager
Chelsea Harbach
Dennis Bowman
Emerson Nafziger
Emily Heaton
Giovani Preza Fontes
Joe spencer

Kelly Estes

Maddy Kangas

Maria Villamil
Michael Gray
Nathan Johanning
AR SRR

Farm Policy News

About Us

TEXAS A&M
AGRILIFE
EXTENSION

home

bt corn trait table
about us

contact

extension entomology

our youtube channel

legacy extension
entomology homepage

texas a&m agrilife

Handy Bt trait table

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

Handy Bt Trait Table for U.S. Corn Production

This 2-page document list the types of Bt present in all commercialized corn in the US.A. ina
concise format. It presents the trade names for traits, Bt event, protein(s) expressed, targeted
insects and herbicide traits.

Now in its 21st year, the Trait Table for field corn has become the standard as an authoritative
reference to Bt toxins in corn. Dr. Chris DiFonzo at Michigan State University is the author, and
questions or comments should be directed to her. If you would like to reprint the table in a local

publication or extension bulletin, contact Chris DiFonzo (difonzo@msu.edu or 517-353-5328)

for a version modifiable for your state.

Handy Bt Trait Table For FIELD CORN (New version posted 3/7/2023)

for more i

+ Checklist of Bt Events by Stack (3/2023)

. 3/2023

lllinois Agronomy Handbook
go.lllinois.edu/AgronomyHandbook

UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN Give / Volunteer / Careers

College of Agricultural, Consumer & Environmental Sciences
I geat g A " ? Search this site Q

Illinois Extension

Topics v Learnv  Eventsv  News  Connect v  Impactv  About v

Agronomy Handbook

IUlinois Agronomy Handbook

Several chapters of the lllinois Ag y k were up din 2021 and are available for free download.

Managing Insect Pests
By: Nick Seiter

Insects can reduce crop yield and quality, either by feeding directly on the marketable portion or by indirectly
stressing or killing the plant. Many insects can be considered pests of alfalfa, corn, soybean, or wheat;
however, only a relative few are frequently encountered at economically significant densities in lllinois. This
chapter considers “key” pests, which should form the basis of insect management strategies for these crops,
as well as some “occasional” pests that, while frequently encountered, rarely cause economic damage. | Read
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Thank You for joining us!

Visit us at

farmdocpairy

Jllinois.edu

9 Subscribe for Latest News Updates

1L ILLINOIS

Agricultural & Consumer Economics

COLLEGE OF AGRICULTURAL, CONSUMER
& ENVIRONMENTAL SCIENCES

(11 Tube.

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




Questions?

Joe Spencer

Principal Research Scientist
lllinois Natural History Survey
spencerl@illinois.edu
@talkingrootworm

Nick Seiter

Res. Asst. Professor

UIUC Dept. of Crop Sciences
nseiter@illinois.edu
@nick_seiter
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