Show Me the Weeds:

What might weed management look like in 2023 and beyond?
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Some Thoughts on Weed
Management in 2023 and Beyond

herbicide labels, registrations,
requirements, etc.



Get used to these kinds of labels in the future...

For land with Hydrologic Soil Groups* A & B: The land manager/applicator must effectively implement
measures in the following tables to equal a minimum of 4 credits.

For land with Hydrologic Soil Groups* C & D: The land manager/applicator must effectively implement
the measures in the following tables to equal a minimum of 6 credits.

Mitigation Measures Credits
Reduce number of applications - Reduced number of 3 applications
applications of Enlist products per year. Applications may be made —
at any time during crop development but must maintain a 2 applications B
minimum 12-day retreatment interval. 1 application 4
Residue Tillage Management: no till, strip-till, ridge-till and mulch-till 4
Vegetative Filter Strips 30 ft off-field vegetative buffer HSGAorB 2
on down slope HSGCorD 0
100 ft off-field vegetative buffer | HSG A or B 4
on down slope HSG CorD 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
Grassed Waterway 2
Water and Sediment Basin 1
Contour Farming or Contour Strip Cropping 1

*Hydrologic Soil Group (HSG) definitions: A = Sand, loamy sand, or sandy loam; B = Sandy clay loam; C
= 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.
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EPA Proposes Five Changes to Atrazine
Labels, Introduces “Picklist” Mitigation

ATRAZINE REGISTRATION TO BE REVISED
New Labeling Requirements | |

EPA Atrazine 070122



EPA’s Role in Herbicide Registration

1.Must meet the standards of Federal
Insecticide, Fungicide, and Rodenticide Act
(FIFRA)

= “Reasonable certainty of no harm”
= “No unreasonable adverse effects”

2.Must also meet the standards of the
Endangered Species Act (ESA). ESA requires
EPA and other federal agencies to ensure that
action they take will not:

= “Jeopardize the continued existence of
any listed species”, or

= “Destroy or adversely modify any critical
habitat for those species.”




What are we protecting?

— 1674 species in the U.S. currently (the list
is growing)

— Missouri has 52 species (7 aquatic

(
invertebrates; 3 birds; 20 fish; 2 insects; 4 ' .

S

mammals; 7 reptiles and amphibians; 9
plants)

—an updated decision will be released on
the monarch butterfly in 2024

BAmerican Bumying Begtle Greater Prairie Chicken Mead’s Milkweed



Why should you care about ESA?

Has definitive language that does not allow for
interpretation (i.e., who can say with certainty
that there are ”no effects”?).

Only considers risk to threated or endangered
species. It does not consider the potential
benefits of any pesticide use.

Requires action if a SINGLE individual within a
species may be affected.

Has not had a major revision since 1973.

As of January 2022, all new pesticide active
ingredients will be assessed for their potential
effects on threatened and endangered species.
Why?/What’s different?




Some Thoughts on Weed
Management in 2023 and Beyond

herbicide labels, registrations,
requirements, etc.

that don’t just rely on
herbicides alone will become more and more
Important.






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 d a paper on “Vision-Based High-Speed ipulation 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 physicall
individual weeds in a tenth of a second.

Given the scale of farming anipulator
today, treating weeds

chemically is really the only v x ::Mon
practical way for humans

to keep them under
control, because you can
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-

eeding tool

visual servoing

o
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Autonomous Weeding/Use of Robots

FarmWise launches
autonomous weeding
robot

JANUARY 7, 2019 BY SAM FRANCIS

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

000

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

“cnec

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.




Precision Sprayers

About WEED-IT  Video's News

precision spraying

W E E D ® I T% Home  Cases  Solutions v  Knowledge Centre v ROl Calculator - @ JOHN DEERE Equipment Finance Parts & Service

Home > News > AllNews > 2021mar02 John Deere Launches See And Spray Select

NEWS RELEASES MARCH 02, 2021

John Deere launches See & Spray™ Select
for 400 and 600 Series Sprayers

r -

WEED-IT Precision
Spraying

Since 1999, WEED-IT is the most accurate, fastest and most
use weed detection and elimination techniology available

only weeds, it helps you save up to-90% onichemical co:

WEED-IT Quadro >

See how our newest WEED-IT
Quadro technology once again
sets the standards! Calculate your ROI >,

How much can you save by changing to the WEED-IT way of weeding?

See & Spray™ Select can help farmers reduce their herbicide use by 77% on average by targeting and spraying only weeds on fallow

ground.




UAYV Sprayers




What if we could do something about waterhemp
escapes once there are no longer any herbicide
options?




What we think we’ve learned so far...

This is not a weed management tool. This is a weed rescue tool.

Can be effective on some of our most problematic resistant weeds.
Can also be variable on those same weeds but we’re learning...

Size, plant moisture, boom height all matter.
Can substantially reduce weed seed viability.
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Influence of Electrocution on Weed Seed Viability
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Giant Common Waterhemp Common Giant Yellow Barnyardgrass
ragweed ragweed cocklebur foxtail foxtail

*Based on viability of non-treated seed of that species



Will On-combine Seed
Destruction Devices
Become “Standard” in
the United States ?




Basic Hammer Mill/Cage Mill Concept

Rotating Bars

Stationary Bars

'

PRODUCT

slide provided by Dr. Tom Barber, University of Arkansas




On-combine Impact Mills for use in U.S. Soybean
Date of First Freeze, 2019

Date of First 28°F Freeze I ~ug 10 or Earlier |l Sep 1- 10 M Oct1-10

for period 7/1/19 to 12/9/19 M Aug 11-20 [N Sep 11-20 [N Oct 11 -20
[ Aug21-31 [ sep21-30 [ Oct21-31

oAl

MRCC Experimental Freeze Guidance: )

These experimental maps may be utilized as a guide to local and regional — v I P
freeze conditions but should NOT be used by themselves for decision processes. Vegetation Impact Program

1. The earlier the frost(s), the better. “Green’” weeds
with high moisture content have proven difficult.



On-combine Impact Mills for use in U.S. Soybean

2. Some degree of header loss of weed seed is likely to occur
(~31% of available waterhemp seed in a field).



On-combine Impact Mills for use in U.S. Soybean

Soae
TERM A

3. The majority of weed seed that enters the combine appears
to make it into the seed terminator. Approximately 94% of
waterhemp seed that comes out of the Seed Terminator are
damaged (= non-viable).



On-combine Impact Mills for use in U.S. Soybean
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Figure 3. Average header and threshing loss of weed seeds when Figure 4. Average grain tank contamination of weed seed when
harvesting soybean. Numbers in parentheses indicate the number of harvesting soybean. Numbers in parentheses indicate the
locations that contained a given weed species. number of locations that contained a given weed species.

There is also a significant fraction of weed seed that is
directed into the grain tank.



On average across all the locations, fuel consumptlon was 3 gal/hour
greater, engine load was 5.6% higher, but there was no drfference in
product|V|ty when the Seed Terminator™ was on Gy o ;




On-combine Impact Mills for use in U.S. Soybean

6. Significant reductions in the waterhemp seed bank
were observed in 3 out of 5 locations.



7. Current costs of these
implements are
approximately S70-75k.
We found operating costs
to be ~S5/acre more than
operating a conventional
combine.




Some Thoughts on Weed
Management in 2023 and Beyond

herbicide labels, registrations,
requirements, etc.

that don’t just rely on
herbicides alone will become more and more important.

for resistant weeds. Because these “new”
resistant weeds aren’t like what mom used to make.



Where are we now?
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Herbicicide resistant weed biotypes

900 - 50
Herbicide resistant weed biotypes - Projected
i 5 ; - 45
00 Herbicide sites of action
700 | ===~ Herbicide sites of action - Projected e s
L 35 e
600 r==?" ®
P
- -3 B
500 7
L 25 g
400
- 20 B
Q
300 o~
L 15 £
T
200 - 10
100 L 5
0 L} T T T O
1950 1970 1990 2010 2030 2050

Herbicide resistant weed biotypes

Westwood et al. 2017
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DICAMBA-RESISTANT PALMER AMARANTH CONFIRMED IN TENNESSEE
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Dicamba-Resistant Pigweed

Dicamba-Resistant Palmer Amaranth Confirmed in Tennessee

12020]2:49 PM CDT

REVOLUTION

Glufo

sinate-Resistant Pigweed

Confirmed in Arkansas

DTN Staff Reporter
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ROCKVILLE, Md. (DTN) -- Weed scientists are officially
confirming the presence of dicamba-resistant Palmer
amaranthin Te e, icamba:

trait has dominated cotton and soybean acreage for
several years.
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University of Te U
Kansas and Texas Tech Uni i c
greenhouse trials and replicated field trials on Palmer The White Combine: A
amaranth populations collected from fields in several Farmer's Worst
Tennessee counties, including Crockett, Gibson, Madison, Nightimars

fy Shelby and Warren. =

Weed Control Minus
Dicamba

Xtend Weed Control
Options Without
Dicamba

“It's official?” said University of Tennessee Extension weed
scientist Larry Steckel."We have resistance to dicamba,
and some preliminary results suggest tolerance to 2.4-D is
& Jong, too”

Some Palmer amaranth populations in Tennessee
are resistant to dicamba and .
worried about the efficacy of 24-D and
glufosinate, as well. (OTN photo by Emily
Unglesbee)

Palmer amaranth. That distinction belongs toa long-term

Glyphosate-resistant Weeds in the U.S.

istant Palmer

REVOLUTION

. DTN Staff Reporter

w[s]+]

ROCKVILLE, Md. (DTN) -- Scientists in Arkansas have
confirmed the presence of glufosinate-resistant Palmer
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Waterhemp Scores Again

Illinois Scientists Find New Resistance in Waterhemp

4:22PMCST

2/8/2019

By Pamela Smith, Crops Technology Editor
Connect with Pamela: II u Ea .
W @PamSmithDTN

DECATUR, lil. (DTN) -- Waterhemp has just thumbed its
nose at another group of herbicides.

Waterhemp resistant to Group 15 herbicides (very long
chain fatty acid inhibitors) has officially been found in
Illinois research plots. It is the first dicot (broadleaf) weed
in the world to outmaneuver herbicides within the Group
15 chemical family. While scientists aren't sure how
widespread the issue s, University of lllinois weed scientist
Aaron Hager said the discovery is yet another warning to
change weed management behaviors now.

"Waterhemp has now shown the ability to resist seven
different herbicide sites of action;" Hager said. "Farmers
have been leaning heavily on the Group 15 herbicides
across all crops s they battle resistant weeds. This is
another example of how important it s to diversify weed

Waterhemp is one tough weed. Now it has begun
to outsmart a group of important residual
herbicides. (DTN photo by Pamela Smith)

fthe
state.

‘The populations were collected from two fields in

Mississippi County in 2020 and one field in Crittenden

County in 2019, said Tom Barber, a University of Arkansas
. The Crittenden County weeds

Aid Package Details for
Agriculture
Ag Policy Blog

3.5t

ot , and issippi ty weed
appear at least 15 times more resistant than susceptible
weeds, Barber explained in a university blog posted
Wednesday.

EPA: Politics Tainted
Dicamba Decision

EPA Ignored Science in
Past Dicamba Decision,
New EPA Official Says

und Palm
resista

amaranth
e toglufosinate (Liberty)
nsas. (DTN photo by Pamela

The. ientis ing
populations for resistance to other modes of action, as
well. For now, the glufosinate-resistant weeds do not seem

Recommended for You

control approaches to keep the effectiveness of this tool"
Hager said.

Syngenta has b with lllinois scientist: their findi d providing important
information, confirmed Dane Bowers, Syngenta's technical lead for herbicides, and Gordon Vail, Syngenta's
technical product lead on S-metolachlor, one of the Group 15 herbicides.

S-metolachlor is the active ingredient c y by the trad Dual Magnum. Itis also

found as a component in many popular herbicide premixes.

"We feel it is important as a manufacturer to alert farmers to these findings and work alongside weed scientists to
keep these herbicides effective as long as possible;" said Vail. "The reality is not any one product or class of
chemistry by itself is good enough. We need them all

widespread, Barber said.
USDA Reports Summary U
ik

"Currently, thi t be widespread LsnAL E

2019: 17 species; 39 states

*Parentheses indicate the
number of states in which
that resistant weed occurs

(O Rigid Ryegrass (1)
© Horseweed/Marestail (25)
@ Common Ragweed (16)
@ Italian Ryegrass (7)

O Giant Ragweed (12)

@ Waterhemp (18)

O Palmer amaranth (28)
@ Hairy Fleabane (1)

© Johnsongrass (3)

@ Kochia (10) @ Russian Thistle (3)
@ Junglerice (1) @ Ragwd Parthenium (1)
© Ann. Bluegrass (3) @ Common Sunflower (1)
@ Goosegrass (2)
(O Spiny Amaranth (1)
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MU ON SIGNS OF POTENTIAL
WATERHEMP RESISTANCE
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There are signs of potential waterhemp herbicide resistance in Missouri

University of Missouri weed scientist Kevin Bradley told participants at the MU Pest
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It’s not just about more pigweeds with more

resistance. It’s the type
of resistance mechanism(s)
that are being found that is

truly concerning.




“Old” Type of Resistance Mechanisms in Pigweeds:
Target Site Resistance

Su bStrate essential biochemical pathway> PrOd UCt

!

Healthy Plant

For more info, see Dr. Pat Tranel’s “Why Care About Metabolic Herbicide Resistance” video on YouTube



“Old” Type of Resistance Mechanisms in Pigweeds:
Target Site Resistance

Herbicide

Su bStrate essential biochemical pathway> P*Ct

!

Plant Death

For more info, see Dr. Pat Tranel’s “Why Care About Metabolic Herbicide Resistance” video on YouTube



“Old” Type of Resistance Mechanisms in Pigweeds:
Target Site Resistance
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Su bStrate essential biochemical pathway> PrOd UCt

!

Healthy Plant

For more info, see Dr. Pat Tranel’s “Why Care About Metabolic Herbicide Resistance” video on YouTube



“Old” Type of Resistance Mechanisms in Pigweeds:
Target Site Resistance

* Target enzyme is modified in some
way, usually so that the herbicide
can’t bind

« Common with Group 2 (ALS), 5
(triazine), 14 (PPO), 9 (glyphosate)

* Can confer resistance to other
herbicides within the same group but
never to herbicides in other groups

« Common in 1990’s and early 2000’s



What has always been
our recommendation
for the control of
these “old types” of
resistant weeds?
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“New” Types of Resistance Mechanisms in Pigweeds:
Metabolic Resistance

el
Herbicide W
GST or CYT P450 enzyme

Glutathione-S-transferases or Cytochrome P450 Enzymes:

O

cide

* exist to detoxify foreign substances in the plant/respond to stress
e there are 100’s of these enzymes within plants

* these enzymes are the reason we can use many herbicides Inactive Products,
without injury to the crop (e.g., atrazine and corn) Healthy Plant

* metabolic resistance occurs when one of these enzymes become
mutated or “overproduced”

For more info, see Dr. Pat Tranel’s “Why Care About Metabolic Herbicide Resistance” video on YouTube



“New” Types of Resistance Mechanisms in Pigweeds:
Metabolic Resistance

 Plantis able to break down the
herbicide at an increased rate

* Group 2 (ALS), 5 (triazine), 14 (PPO),
9 (glyphosate), 27 (HPPD), 15 (VLCFA),
4 (auxins)

* Can confer resistance to other
herbicides within the same group and
possibly to herbicides in other groups

« Common 2010 - today



What is our
recommendation for
the control of these
“new types” of
resistant weeds?




Some Thoughts on Weed
Management in 2023 and Beyond

herbicide labels, registrations,
requirements, etc.

that don’t just rely on herbicides
alone will become more and more important.

for resistant weeds. Because these “new”
resistant weeds aren’t like what mom used to make.
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