What else can | say about waterhemp resistance?
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Herbicide-resistant Waterhemp in Missouri
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Herbicide-resistant Waterhemp in Missouri
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Which one’s pulling the load when it comes to a POST
treatment of waterhemp that is resistant to 2,4-D?

Fomesafen + Glyphosate (Flexstar GT, etc.)
Fomesafen + Glufosinate (Cheetah Max, etc.)
Glyphosate + 2,4-D Choline (Enlist Duo)
Glufosinate + Enlist One
Glufosinate + Glyphosate
Enlist One ‘
Glufosinate , %)
Glyphosate \\ SN2
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Investigating Potential Waterhemp Resistance in a
Soybean Field in Frankford, Missouri after Previous
Failed Applications of Liberty and Enlist One

Waterhemp Control

1 Week after 3 Weeks after

Treatments Rate/Acre Application Application

____________________ Of) —ommmmmmmmm e
Liberty 43 fl ozs 60 b 90 b
Liberty 86 fl ozs 94 a 98 a
Liberty 172 fl ozs 95 a 100 a
Enlist One 64 fl ozs 35c¢c 44 d
Enlist One 128 fl ozs 53b 52 C

*Means within a column followed by the same letter are not different, LSD=0.05
© Dr. Kevin Bradley, Univ. of Missouri



Herbicide-resistant Waterhemp in the U.S.
(recent trends)

 Herbicide-resistant waterhemp is being documented
further north and east in the U.S.

* 1 incidences of 2,4-D resistance in many locations

« 1+ Group 15 resistance in IL L[S
T p \""-"/» in

 Dicamba resistance inIL, IA . K/]_J < "

\ / .

- No “official” glufosinate \ — ! e
resistance yet but several T~ / T ‘
states investigating populations \..—\/ =

« Metabolic resistance is the predominant |
mechanism in these “newest” type of resistances




Pre-emergence Applications of Group 14, PPO-inhibiting Herbicides

NTC 0.031x 0.125x 0.5x NTC 0.031x 1 0.125x 0.5x T 2x
0.015x 0.062x 0.25x 1x 0.015x 0.062x 0.25x 1x 4x

 Leads us closer and closer to resistance to PPO inhibitors applied PRE.
* Increases the likelihood that the first waterhemp to emerge will be PPO-res.
 Means tank-mixes w/ group 14s are that much more important

Wouerffel et al. 2015; Faleco et al. 2025






Future Herbicide and Trait Options?

Active Ingredient: diflufenican
Company: Bayer

MOA: Group 12 herbicide, inhibits
phytoene desaturase (PDS), a key enzyme
in the carotenoid biosynthesis pathway. A
“bleaching” herbicide. Sonar and Zorial

also in this group.
Expected Release: 2026

Other: Has been registered in Europe
since the 1990s. Would represent a new
MOA not currently used in corn or
soybean.
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NEW BAYER HERBICIDE TO
COMBAT TOUGH TO CONTROL
WEEDS

025 Commodity Classic, 2025 Events,

Contrg ...
M and soyhegng

Broup 10 Herbicide'

During this week's Commodity Classic in Denver, Colorado, Brownfield caught up
with Dominik Hoffman, product manager for selective herbicides at Bayer Crop
Science. He says Convintro herbicide will help farmers manage tough-to-control
weeds, such as water hemp and palmer amaranth. Learn more about the new
product and when to expect its launch below.
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New Bayer herhicide
‘freezes’ weeds in field

BY IL GULLICKSON
gigulickson@farmprogress com

Future Herbicide and Trait Options?

1 Iafoln sapostamergence

ATTHE FARM ProgressShotwin Decatu,
1L, Brian Naber, who heads the North
America and Australia-New Zealand
egion for Bayer Crop Science, discussed
a new herbicide with it ofacton thats

KEYPOINTS

1op competing withcrops.
1 Covintrowil b product amed
atcontoling weeds n soears.

Active Ingredient: Icafolin-methyl

tnlynew nutients and sunlight However, th dead
Called Tcafolin, the compound is & weeds remain in the ficd longer because
emergence product that Bayer has  they argely maintain ther structure. This

developed for several crops, including  crestesamuleh layer thathelps preventero.

soybeans. Naber expects it to be commer.  sion nd trap maisture in the soil, Bayer 0

calzed in thenext four to five years. officials say. By providing cfective weed  cafoin, tha uifature  ruly new heiid it of actio o ow crops — thefrst i svera

Since its a completly new mode of  contro, it educes the need for tllge and  decats.
action, youseea completely differnt setof  supports regenerative practices that can

U fumersin 202 2024 Thisled tothe
] ‘Since i's acompletelynew  NEWSROUP 12 HERBICDE icambartolrantsogbeans n 2025
G & Bayeralsoisplanningtobringanew Group  POTENTIAL ICAMEA COMEBACK This may chang, though. This summer,
. made of action, you see a 12 hrbicde to market Dilafenican her.  In 2017, beans were | EP B
completely different setof  bicde, which il be mrketed under the  matched to EPA-approved dicamb for- tal se once again of dicamba products
vistalsymptomclogyabout et v Comi il bes b i . etk s
3 productpri- System. Naber said he is optimisic dicamba
how it ills and controls ‘marly aimed at waterhemp and Palmer  control resuled from spplications, state —may retrn for se s preplat and st
the weed.” —EAANNBER amaranth departments of grial cported  emerg
Diflfenican is ot new chemistry, 35 3 , dtbereare ind
contralsthe weed: Naber sad it has been used for years in Europe o This coincided with egal actior tions that the ate of voltilty reduction

erve treated weeds  manage broadleaf weeds Eventual
becoming “frozet in the fieds, meaning  lentls and winter cereals. However, it il US. Distrct

MOA: Group 23 herbicide, “Inhibitors of —
Microtubule Organization”. Inhibits a
process essential for cell division in plants.

Similar MOA to dinitroaniline (group 3)
herbicides. o o

populations. there & action or at least
the

[rr— e 7 A 224

(wileyoniinelibrary.com) DOI 10.1002/ps 8415

The novel herbicide icafolin-methyl
is a plant-specific inhibitor of
tubulin polymerization

Klaus-Bernhard Haaf,® Olaf Peters,” Bernd Laber,” Gudrun Lange,*
Elmar Gatzweiler,® Sven Geibel,® Daniel Passon,” Anne Endler,”

novel
herbiddes present in the prospective markets.
novel herbicide

profile. It & hydrolyzed in planta to the carboxylic ackd
iaafolin.

biot pr and
probably by binding to 8-tubukns.

potency
and spectrum, specifically after foliar application. This makes icafolin-methyl fundamentally different from existing tubulin

management.
© 2024 Sodety of Chemical Industry.

Activity: Non-selective herbicide with post-
emergence activity on a variety of grass e et

Structurally dverse herbicide classes interfere with the plant

and broadleaf weeds e

Expected Release: late 2020s / early 2030s?

Safeguarding the workd's food supply will pose a challenge for
agricuture in the decades to come. The increasing demand
forfood and feed due to the growing world population, changing
eating habits in favor of meat and non-seasonal plant fods, the

ptoskeleton, particuary the dynamics of polymeriation and
depolymertzation of micotubules. Plant micotubuis serve

x

reductionin potential

pon* ‘@nonical architecture of microtu-

describe agi-
culture must increase s productiviy in a sustainable way.' yn-
thetic herbicdes are stl a major factor in integrated weed
management strategies to protect crop yiekds The herbicide

consisting of 13 pratofiaments. Each protofiament comprises
stacked heterodimers of a- and ftubulins amanged in 2 head-

classes acting via a imited number of modes of action. As
pected, resistances in weed species have developed over the

* Cormspannce tec P Lirmmen, Rceach & Dewelopment, Weed Conol, i
son Grp Scienc, Baper AG, Incswiperk Machs, D 45326 Frankiet am
Man,

Imost all major
Consequently, there is an urgent need for either herbicdes with
new modes of action o at keast novel herbicde chemistries
with established MoAs, but without showing oss-resistance to

s Reserch & Dewlopment Wead Contol Division Crop Scince, Baye AG.
Inckstreprk Nt Farktun omMan, Gemany

the presentin

®

pest Manag 5012024 weewsoclorg

© 2024 Socety of Chemical industry.




uture Herbicide and Trait Options?
ctive Ingredient: Rimisoxafen
ompany: FMC
OA:
—Group 12 (like Convintro, Sonar,
Zorial), a bleaching herbicide
—and also a Group 32 herbicide
ctivity: grass and broadleaf weeds

xpected Release: late 2020s/early 2030s?

Research Article

I; Check for updates
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Dual mode of action herbicide rimisoxafen
targets both phytoene desaturase and
solanesyl diphosphate synthase

ll-Ho Kang,? Chad Brabham,? Jaeheon Lee,? Lihong Wu,? Qun Lu,? Ming Yan,”
Pi-Shiang Lai,” Daniel F. Rhoades,? David Nesnow,? Susan Jeffrey,®

Brian McGonigle,® Sang-lc Kim,® John L. Andreassi,*“ Stephen O. Pember,?
Steven Gutteridge® and Ryan P. Emptage?®”

Abstract

BACKGROUND: The need for new, efficacious, and safe crop protection chemistries to control evolving pest populations is ever-
present to combat resistance derived from current crop protection offerings. Rimisoxafen is a novel pyrimidinyloxy benzene
with herbicidal activity. Determination of mode of action (MoA) is key to de-risking newly introduced crop protection chemis-
tries with regards to toxicology and the potential for field resistance.

RESULTS: Weeds treated with rimisoxafen display a distinct bleaching phenatype leading to investigation of multiple herbi-

cidal targets tion. Here, we vepnn inhibits both

solanesyl diphosphate synthase (SDPS) i phytoene (PDS). In vitro, rimi: and PDS

activity at comparable levels to single-target standards. Both MoAs are operable in vivo as rmi xafen treatment within model
inadistinct ing markers for both PDS and SDPS inhibition. In addition, rimisoxafen

can control resistance mutations raised against SDPS or PDS standards in ultraviolet (UV)-mutagenized Chlamydomonas rein-

hardtii strains, but only a strain containing both PDS and SDPS mutations s resistant to rimisoxafen.

CONCLUSION: Rimisoxafen inhibits SDPS and PDS both at the enzyme level and in vivo. Bringing two MoAs to the field within a
single molecule promises to mitigate target site resistance risk for rimisoxafen, an outcome now achieved through mixtures
and thereby could reduce the volume of weed control chemical residue applied to fields worldwide, especially in the corn

and soybean markets.
© 2025 Society of Chemical Industry.

Supporting information may be found in the online version of this article.

Keywords: herbicide; mode of action; photosynthesis; metabolomics; enzyme; model organism

1 INTRODUCTION

Agricultural pest control by synthetic small molecules has made
one of the greatest contributions to decreased starvation and
increased lifespan in the 20th century. Improved toxicological
profiles and lower use rates through greater target efficacy will
be imperative to feed a world population estimated to peak at
over nine billion while maintaining a high standard of human
and environmental safery.

hemistries h
emergsd as one downs\de 0 the continuous use of i

sissanrondd
yet to function wel enough to support

One strategy widely implemented to delay the onset of resis-
tance is the use of mixtures, where two or more molecules cover-
ing multiple modes of action (MoAs) are applied simultaneously.
Individuals which may develop a naturally occurring mutation
that reduces effectiveness of one chemistry willstill be controlled
by the other MoA(s) within the mixture. While mixtures mitigate
resistance risk, they typically require the application of more

‘the herbicide

allow these individuals to outcompete the wild-type
(W) population? Among agricukturally relevant weed spedies, small
moleaules targeting, for example, acetolactate synthase, photosys-
tem |, and enolpyruvyl shikimate phosphate synthase now fre-
quently encounter significant resistance in field populations? Many
of these mutations have been mapped to the herbidde target site,

* Correspondence to: RP Emptage, FMC Agricultural Solutions, Stine Research
Center, Newark, DE 19711, USA, E-mail ryan.emptages fmc.com

2 FMC Agricultural Solutions, Stine Research Center, Newark, DE, USA
b Frontier Scientific, Newark, DE, USA

 Vertex Pharmaceuticals, Boston, MA USA

Pest Manag Sci 2025; 81:6330-6339

www.sociorg

© 2025 Society of Chemical Industry.




Future Herbicide and Trait Options?

Quite a bit of activity in the discovery of new Group 14, PPO-inhibiting
herbicides that control PPO-resistant pigweeds with known mutations.

Fivi, Ak , :* . t‘ '-;’fl", :, N
Fomesafen 420 g a.iha-' Untreated Trifludimoxazin Saflufenacil
Figure 8. PPO-inhibitor resistant Palmer amaranth field trial. Early-post application. Spray volume: 189 L ha™". Crop oil concentrate added at 0.5% (v/v). Check 18 g ai/ha 50 g ai/ha

Epyrifenacil, *Rapidicil (Valent), Trifludimoxazin, *Voraxor (BASF), others from Bayer, etc.

* = pending registration
Sada et al. 2024 Pest Manag. Sci; Barker et al. 2023 Weed Sci



Future Herbicide and Trait Options?

Company: Syngenta/M.S. Technologies

Herbicide Resistance Stacks:
Glyphosate, glufosinate, 2,4-D choline
and certain HPPD-inhibiting group 27
herbicides (mesotrione, bicyclopyrone,
isoxaflutole).

Expected Release: 2029
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NEW SOYBEAN TRAIT TO ALLOW
SAME HERBICIDE PROGRAM IN
CORN AND SOYBEANS

September 5, 2025 By Jared White Filed Under: 2025 Events, 2025 Farm Progress Show,

L NEW Soyre

enson with Syngenta at FPS25. (Photo by Jill Makovec / Brownfield)

The head of soybean portfolio strategy with Syngenta says farmers will soon have a
new tool to battle herbicide-resistant weeds.




Future Herbicide and Trait Options? | >

5 herbicide tolerances. 1
breakthrough soybean
trait.

Sign up for the latest on Vyconic” Soybeans.

‘GET UPDATES > /

Company: Bayer R
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ToP SToREs BAYER'S NEXT GENERATION OF

Herbicide Resistances: Glyphosate, . SOYBEANS PLANNED FOR 2027

CROPS

n n
I u fos I n ate d I ca m b a Z 4 - D a n d DAIRY June 20,2024 By Jared White  Filed Under: Ag chemicals, lllinois, News, Soybeans, Weed
, , , , LIVESTOCK management

USDA/GOVERNMENT

mesotrione.

PRECISION
AGRICULTURE

BIOTECHNOLOGY

SPECIALTY CROPS

Expected Release: 2027 il

EVENTS/ORGANIZATIONS

AG YOUTH

Bayer's North American soybean business lead says the company’s next generation

of soybeans will help farmers in the fight against resistant weeds.
Kacy Perry says the target launch for the HT4 soybeans is 2027.
“So HT4 actually brings five unique herbicide tolerant traits which is glyphosate,

glufosinate and dicamba,” she says, “but then brings two more in 2-4-D and
mesotrione, which is an HPPD inhibitor.”

She tells Brownfield the new varieties give farmers more options in-season.




Future Herbicide and Trait Options?

Quite a bit of activity in bringing forward new PPO-resistant traits.

Business & Financial News | August 30, 2022

Joint News Release

In the early 2030s, Bayer expects to launch its HT5 trait, which adds PPO
BASF and Corteva Agriscience collaborate to deliver the tolerance to HT4. “It is a fairly broad tolerance to many PPO products that can be
future of weed control to Soybean farmers used on soybeans today, as well as some new novel PPOs that we plan to bring

to the market for crop protection,” Wes said. “We are adding one more tool into
that toolbox for growers to have the flexibility to help control tough-to-control

« Industry-first multigenerational soybean weed management by cross-licensing new ! ‘! weeds.”

and y

+ D of multiple pi to offer farmers expanded options for herbicide- 4 '
tolerant soybeans in the early 2030s '~ ‘

«+ Trait stack with four modes of action and new herbicides will help address problematic

weeds

Julian Prade
External Communications
along-term collaboration to develop new soybean weed control solutions for farmers around the world.  Agricultural Solutions

The two companies agreed to cross-license soybean traits, while developing complementary herbicide Media Inquiries R&D P i p e U n e . T h e Fu‘t u re

technologies, enabling both companies to offer innovative soybean weed management solutions. ) +49172 62-70719

Through the collaboration, BASF and Corteva aim to meet farmers’ demand for tailored weed control S Send email Of G ro u n d - B rea kin g CO rn
1}

options differentiated from those on the market or in development. As a result, both companies

Lii gt y and i is, Indiana. BASF and Corteva Agriscience today announced

anticipate a spark in novel product offers with increased access to the global $7.1 billion soybean seeds

and traits market, as well as the $5 billion soybean herbicide market.[1] The first market introduction is S Oy b ea n a n d Cotto n

planned in North America with additional geographies to follow. Joint News Release .
Corteva will combine a proprietary PPO (protoporphyrinogen oxidase) gene licensed from BASF withits @ Preview Tra |tS
ortfolio of herbicide tolerant traits, including Corteva’s proprietary 2,4-D choline gene, to develop a
P 9 proprietary 9 P 3 PDF (209.04 KB) Bayer traits’ unparalleled R&D pipeline brings transformative technologies to fields and
new trait stack for soybeans. The stack will include tolerance to four herbicide modes of action, or puts innovation into action for farmers.
distinct mechanisms to achieve control. Together they will provide a new, effective and flexible option to

help control the most problematic weeds. This innovative herbicide tolerance stack is expected to be

available in all Corteva seed brands. Corteva has licensed the stack to BASF for use in BASF seed

brands and also anticipates licensing the trait stack to additional seed companies.

The Decade Ahead — Transformative Corn, Soybean and Cotton Traits To Watch For.

8 blockbuster traits in the next 10 years that will allow farmers to take their yields and options to the next level.




Future Herbicide and Trait Options?

That's what you wanted
to hear. Now what |

want you to listen to. VOTE!

Beléa

"I'm here today to tell you
what you want to hear...."
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Where are we
headed?







Reasons | think we are headed for a
future with reduced dependence on
herbicides:

Herbicides?
1. Technology
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Future:

Targeted (and autonomous) Weed Removal

Robot dog can stifle weeds by
blasting them with a blowtorch

A Spot robot equipped with a blowtorch can locate weeds on farms and
precisely heat them up to stop them growing, offering a possible
alternative to herbicides

By Alex Wilkins
B 23 July 2024

“ Aspot robot equipped with a blowtorch for tackling weeds
DeznenSong et al (2024)

Bosch's Giant Robot Can Punch Weeds to
Death

By Evan Ackerman
Posted 12 Nov 2015 20:00 GMT

Photo: Deepfield Robotics

At IROS last month, researchers from a Bosch startup called Deepfield
Robotics presented a paper on “Vision-Based High-Speed Manipulation for
Robotic Ultra-Precise Weed Control,” which has like four distinct exciting-
sounding phrases in it. We wanted to write about it immediately, but
Deepfield asked us to hold off a bit until their fancy new website went live,
which it now has. This means that we can show you video of their enormous

Itural robot that can ly detect and pt
individual weeds in a tenth of a second.

Given the scale of farming ipulator
today, treating weeds

chemically is really the only weed deecton
practical way for humans

to keep them under ngindd
control, because you can

visual servoing.
camera

T

use tractors or airplanes to
cover large areas in a short
amount of time. But all of
those necessarily deadly (to
weeds) chemicals then get
on the plants we don’t want
to kill (because we want to eat them), as well as getting washed into the soil.
The most organic and eco-friendly way of dealing with weeds is the old-

Image: Deepfield Robotics

FarmWise launches
autonomous weeding
robot

JANUARY 7, 2019 BY SAM FRANCIS

fashioned way: physically removing them. “Physical removal” can mean

600

Deere is paying over $300
million for a start-up that
makes 'see-and-spray’ robots

« Blue River's robots affix to tractors and can precisely identify and spray
herbicides, pesticides or fertilizers to plants in need.

« The start-up had raised about $31 million in venture funding.
Lora Kolodny | @lorakolodny

Published 8:08 PM ET Wed, 6 Sept 2017 | Updated 10:22 PM ET Wed, 6 Sept 2017
fzcnec

Michael Newberg | CNBC

Sam Allen, CEO of John Deere at CONEXPO in Las Vegas on March 7. 2017.

Deere is bringing more robots to the farm.

The maker of John Deere agricultural equipment said on Wednesday
that it's acquiring robotics start-up Blue River Technology for $305
million. The deal is expected to close in September.




Where are we now... with “technology” and weed management?
Smart sprayers.

KILL IT:




Where are we now... with “technology’” and weed management?

@5) ecorobotix

Smart sprayers.




Where are we now... with “technology” and weed management?

Smart sprayers.
VERDANT
ROBOTICS
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Where are we now... with “technology” and weed management?

Drone/satellite mapping. Then spraying. sentera

/Nl

0 a I l o,,. PRODUCTS v  FOCUSCROPS v  USECASES ~ NETWORK v  LEARNMORE v  PRICING  CONTACTUS

FARM|JOURNAL

= AGKWEB a

Drone and Smart Sprayer Combo Targets,
Brings The Boom Down On Weeds

Weed Detection

Entering Year Two of its development, Sentera’s newly named SmartScripts
weed management workflow scouts for weeds and only sends the sprayer
where it's needed.

MATTHEW J. GRASSI - March 15, 2025 08:01 AM

d > DATA
HOME PRODUCTS v PRICING v ABOUT ~ LOG IN/ SIGN UP HELP CENTRE
N/ FARMING !

weedSAT™ Prescription Maps

v Use weedSAT™ to locate v Generate variable rate
problem areas and reduce prescription maps at any
unnecessary herbicide growth stage from satellite,
use. Save time and cut yield, EM.
spray costs by up to 80% v Fertiliser. Seed. Chemical...
with precision spot all based on real-time
spraying. paddock performance.

v Use satellites instead of v Easy to load into your
sensors. No additional machinery screen.
hardware or software. 90% v Create variable rate
of booms are compatible. application maps from

v Use Super High Resolution any data layer.
imagery and our custom v Edit zones, draw your own,
algorithms, to detect and batch process
weeds and turn your multiple fields to save time.
conventional boom into a v Pay as you go — or go
spot sprayer. unlimited with Pro

Subscription.

FARMZIJOURNAL

SMART FARMING




The method of weed removal doesn’t
necessarily have to involve herbicides

Robot dog can stifle weeds by
blasting them with a blowtorch

A Spot robot equipped with a blowtorch can locate weeds on farms and
precisely heat them up to stop them growing, offering a possible
alternative to herbicides

By Alex Wilkins
B4 23 uly 2024

f X © in & & @

e

4 A Spotrobot equipped with a blowtorch for tackling weeds
Dezhen Song et al. (2024)




Farmers aren’t afraid of technology. But...




MISSOURI SCIENTISTS FIND WATERHEMP RESISTANT TO 6 HERBICIDE
MODES OF ACTION

iy reported a population of waterhemp.
ord-breaking six herbicide modes of
nnnnnn

Shergl, lake Barlow,
University of Missourt

glyphosate, 24D or e itstimeto
mechanical and biologicalcontrol tactcs.

Print Friendly
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Waterhemp Scores Again

W DECATUR.IIL(DTN) - W

PS> DICAMBA RESISTANT WATERHEMP IDENTIFIED IN LLINOIS, TENNESSEE

Dicamba-Resistant Waterhemp

Dicamba-Resistant Waterhemp Identified in llinois, Tennesse

... U.S. Agriculture isn’t convinced it needs
‘“technologies” other than herbicides for weed
management

Herbicide Use on U.S. Soybeans: 1994 - 2023
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ERS-USDA data (1994-2008) and NASS data (2008-2023)
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future with reduced dependence on
herbicides:

Herbicides?
1. Technology
4

2. Regulations e Yo

R



~ United States
< ol rotection a

Agency
— Q SIGN UP TODAY
Environmental Topics v Laws & Regulations v Report a Violation v/ About EPA v/ Fam'mress‘

Home Endangered Species

MissouriRuralist

Endangered Species
= Strategy to Protect Endangered How EPA’s new AEZ rule affects your farm

et Species from Herbicides

; ici Get out your notepad. It's time to document spraying in application exclusion zones to meet new buffers
Assessing Pesticides Under the The Herbicide Strategy is designed to provide early mitigations that minimize impacts to over 900 y P praying P

Endangered Species Act
& P federal endangered and threatened (listed) species and designated critical habitat for conventional and rules.
Endangered Species: herbicides (chemicals used to control weeds) used in agriculture, before completing effects
Information For Pesticides determinations and, where necessary, consultation under the Endangered Species Act (ESA). EPA . . . . .
Users will use the strategy to identify measures to reduce the amount of herbicides exposure to these o Mindy Ward, Editor, Missouri Ruralist ® 3 Min Read
Litigation on Endangered species when it registers new herbicides and when it re-evaluates registered herbicides under a Ja nuary 9, 2025

Species and Pesticides process called registration review. The strategy also focuses mitigation only in situations where
species need protection by considering the location, biology, and habitat of those species. EPA
focused this strategy on conventional herbicides used in agriculture in the lower 48 states because
For Kids of the large percentage of herbicides applied there. In 2022, approximately 264 million acres of
cropland were treated with herbicides, according to the Census of Agriculture from the U.S.
Department of Agriculture (USDA). The number of cropland acres treated with herbicides has
remained fairly consistent since the early 2010s. EPA is also focusing this strategy on species listed by
the U.S. Fish and Wildlife Service (FWS) because herbicides generally impact those species. For

Bulletins Live!

Contact Us about Protecting
Endangered Species from

Pesticides species listed by the National Marine Fisheries Service, EPA is addressing pesticide impacts through
B Mitigation Measures Credits
Reduce number of applications - Reduced number of 3 applications 0
applications of Enlist products per year. Applications may be made 5 icat 5
at any time during crop development but must maintain a applications
minimum 12-day retreatment interval. 1 application 4
Residue Tmage Management: no till, strip-till, n'dge—tm and mulch—fi-ll 4
Vegetative Filter Strips 30 ft off-field vegetative buffer HSGAorB 2
on down slope HSG CorD 0
100 ft off-field vegetative buffer | HSG AorB 4
on down slope HSG C or D 1
[Field border: border with dense vegetative stands with a minimum Width of 30 ft. 2
Cover Crop 2
Vegetative Barrier: Permanent strips of dense vegetation along the contours of the 2
field with a minimum width of 3 ft.
Contour Buffer Strips or Terrace 2 > Q
Grassed Waterway 2
Water and Sediment Basin 1 TOO CLOSE? Spraying in a field next to a rural road is common across much of the country. However, the
Contour Farming or Contour Strip Cropping 1 new AEZ rule requires farmers to pay attention to cars or people on those roads and suspend spraying
*Hydrologic Soil Group (HSG) definitions: A = Sand, loamy sand, or sandy loam; B = Sandy clay loam; C when they come within 25 to 100 feet, depending on spray droplet size. MINDY WARD
= Silt loam or loam; D = Clay loam, silty clay loam, sandy clay, silty clay or clay.
Applicators/Land Managers must meet minimum criteria described for each mitigation measure as
outlined on Enlist.com/mitigationmeasures to receive credits.




Reasons | think we are headed for a
future with reduced dependence on
herbicides:
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Are “future technologies” like robotics really
more expensive than what we’re doing now?

Herbicide Cost/Acre in U.S. Soybean

70
W 2001 = 2023
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$51.80
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S/acre
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$30.76

30

20

10

*Costs adjusted for inflation; graph adapted from Singh and Jhala (2025)



In the meantime, let’s not forget about integrated weed

management practices that involve things other than just

1 WILL

THINK BtYonp HERBIcTpES
10 CONTROL WEEDS.

herbicides.

Now is the time to take action against herbicide-resistant

weeds. Visit to learn about
diversified weed management strategies. N
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Planting Green???
* Study conducted across 19 site-years in 11 states in 2021 and 2022

* Terminating cereal rye 2 weeks before planting resulted in a 16%
reduction in pigweed density compared with no-till.

* Delaying cereal rye termination and planting green provided a 44%
reduction in pigweed density compared with no-till.

Nunes et al. 2024. Weed Science 72:615-629
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*Results summarized across herbicide programs, tillage types, and planting populations.
**Means followed by the same letter are not different, P<0.05

49% less seed produced Schultz, J. and K.W. Bradley, 2015. Weed Technol. 29:169-176.
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No-Tillage Minimum Conventional Deep
Tillage System

*Results summarized across 10 site-years in AR, IL, MO, OH, and TN.
**Means followed by the same letter are not different, P<0.05

Farmer, JA, KW Bradley, et al. (2017) Weed Technology 31:10-20
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Integrated Weed Management: Harvest Weed Seed Control

MISSOURI
SCYBEANS

Winans, T, R Massey, H Schreier, M Bish, KW Bradley (2023) Harvest weed seed control in soybean with an impact mill. Weed Technol. 37:113:122



Mizzou
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Email: bradleyke(@missouri.edu SRS
Phone: 573-882-4039

weedscience.missouri.edu

facebook

App: ID Weeds (free download) Facebook: Mizzou Weed Science Twitter: @ShowMeWeeds
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