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2022 Survey Results

Most common weeds

Giant ragweed — 12%
Waterhemp - 11%
Marestail - 10%
Grass/foxtail — 9%

Volunteer corn — 8%
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Waterhemp
Driving Survey
2022

» WH 11% of fields

2021
» WH 7% of fields

2020
» Pigweeds 8% of fields

2022 Driving Survey

% of fields with waterhemp
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Redroot and smooth pigweed

e Hairy stem and leaves

e Rough, egg-shaped leaves

e Petioles often shorter than leaf

e Smooth pigweed similar with more

sparse hair



Powell amaranth

e Sparsely hairy stem
e Diamond shaped leaves

e Petioles can be longer than leaf




Spiny amaranth

e Hairless stem and leaves
e | ong ovate leaves
e May have watermark

e Spines on leaf nodes




Palmer amaranth

e Hairless stem and leaves

e Egg-shaped leaves

e Petioles often longer than leaf
e Native to Southwest US and N

Mexico




Waterhemp

e Hairless stem and leaves
e Long narrow leaves
e Petioles often shorter than leaf

e Native to the Midwest




— CFAES
Waterhemp biology

 Immense seed production
* Fast growth rate

* Prolonged emergence window

* High genetic diversity

100,000 500,000 1,000,000

e Herbicide-resistance

https://iwilltakeaction.com/weed/common-waterhemp
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Waterhemp biology

 Immense seed production
* Fast growth rate
* Prolonged emergence window

 High genetic diversity

e Herbicide-resistance

https://iwilltakeaction.com/weed/common-waterhemp
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Waterhemp biology

 Immense seed production
* Fast growth rate
* Prolonged emergence window

* High genetic diversity

e Herbicide-resistance

2 (ALS), 9 (glyphosate)



— (CFAES
Herbicide resistance

Site of action Waterhemp
2 - ALS Y

4 — Auxin Maybe**
5 - PSII Y

9 - Glyphosate Y

14 - PPO Y

15 - VLCFAI Probably**
27 - HPPD Probably**

M. Loux




Waterhemp control

Prevention

 Contaminated equipment
« Livestock feed/manure

 CREP/cover crop seed




Waterhemp control
Applications

* Spring residual*®
 Timely POST

* Overlapping residual

Target Waterhemp/
application Palmer
Fall burn -
Spring burn Not usually
Splflng v
residual

POST Y
PQST v
residual

2" POST Possibly

M. Loux




Waterhemp control

No resistance

Rating of 8 or 8+ Rating of 7 or 7+

* Flumioxazin « Metolachlor, s-metolachlor
 Metribuzin (>0.38 Ib)  Dimethenamid

« Sulfentrazone  Pendimethalin
 Pyroxasulfone * Acetochlor

* |soxaflutole (Alite 27) * Linuron (Lorox)

M. Loux



Waterhemp control
PPO resistance (Group 14)

Rating of 8 or 8+
* Metribuzin (>0.38 |b)

 Pyroxasulfone
* |soxaflutole (Alite 27)

M. Loux

Rating of 7 or 7+

Metolachlor, s-metolachlor
Dimethenamid
Pendimethalin

Acetochlor

Linuron (Lorox)
Flumioxazin

Sulfentrazone




Waterhemp control
PPO and VLCFA resistance (Group 14 and 15)

Rating of 8 or 8+ Rating of 7 or 7+
* Metribuzin (>0.38 |b)  Pendimethalin
* |soxaflutole (Alite 27) * Linuron (Lorox)

e Flumioxazin

 Sulfentrazone

M. Loux




Residual herbicides - add to POST for extended control
of waterhemp, Palmer in soybeans

More effective Less effective

* Pyroxasulfone® * Acetochlor
» Zidua, Anthem Maxx, Perpetuo » Warrant

* Metolachlor/s-metolachlor e Dimethanamid
» Dual [l Magnum, Parallel, etc » Outlook

 S-metolachlor/acetochlor +

fomesafen
» Warrant Ultra, Prefix/Vise

M. Loux



Layered/overlapping residual herbicide
At plant + 30 days later

LAYERED
PRE RESIDUAL Laye I'Ed

Group 15/15 or 14/15
herbicide concept

EFFECTIVE
CONCENTRATION
FOR CONTROL

~30 DAP
Unive rsity of Waterhemp Emergence

Minnesota MAY 1 JUNE 1 JULY 1 AUGUST 1

e et




Layered residual herbicides

Waterhemp Control ~20% Greater
with Layered Residual Herbicide

100
- M
3
= e ~LAYERED
§ =-PRE ONLY
(=]
O 85
n -
£ Layered
.E application
made ~30 days

% 80 | after planting )
; s .

75

Waterhemp Emergence

U g |Ve s |ty Of 70 24 DAYS 41 DAYS 57 DAYS 69 DAYS

Minnesota Days After Planting



Effectiveness of soybean trait systems

System Waterhemp/Palmer
nonGMO P-G

RR P-G
LibertyLink G
LL-GT27 G

Xtend G
XtendFlex E

Enlist E

M. Loux




How we’ve addressed weeds in soybean production

Adoption of genetically engineered crops in the United States, 1996-2020

Percent of planted acres
100 -
HT soybeans

754
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v
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Yea I ] Stacked traits...

Note: H[I indicates herbicide-tolerant varieties; Bt indlicates insect-resistant varigties . .

(containing genes from the soil bacterium Bacillus thuringiensis). Data for HT/B{ corn gnd same herbicides
cotton gre not mututally exclusive, as HT and Bt categories include those varietles with
overlapping (stacked) HT and Bt traits.
Source:|USDA, Economic Research Service using data from the 2002 ERS repprt, Adpption
of Bioengineered Crops (AER-810) for the years 1996-99 and National Agricultyiral Statistics
Service| (annual) June Agricultural Survey for the ygars 2000-20.

RR LL RR2Xtend
Enlist



DEALING WITH
HERBICIDE RESISTANCE

Proactive vs reactive

How do we combat the current situation and
prevent future instances of resistance?
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Integrated pest management

— e — T —

“Many small hammers”

Biological control
Cultural controls
Mechanical controls
Chemical control

Cover crops
One of many small hammers needed in fighting herbicide resistant weeds
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Cover crop benefits

Reduce erosion

Build organic matter

Decrease nutrient losses

Improve infiltration

Increase solil biodiversity

Habitat for beneficial insects & fungi

Suppress weeds
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How cover crops suppress weeds

* Physical suppression

» Mulch layer hinders germination & growth
 Competition

» Lights, nutrients, water
* Allelopathy

» Chemical compounds inhibit germination & growth
 Termination

» Spraying, mowing, tilling cover crop

 Alter seed environment

» Soil moisture, temperature, light, pests




How cover crops suppress weeds

Two main drivers

Biomass (Ib/A)

Johnson 2021
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—  CFAES _
How cover crops suppress weeds

R =0.91

100

Two main drivers

Qo
o

Biomass (Ib/A)

@ Burndown
(®)]
o

Ground cover (%)

S
o

Population Decrease (%)

40 60 80 100
Cover Crop Ground Cover (%)
Wallace et al. 2019 10 WAP



How cover crops suppress weeds

* Reduction in number and size of weeds

 Herbicide-resistance management

» Lower weed density = less weeds exposed to herbicides
» Smaller weeds = longer window of control

» Potential to reduce herbicide inputs

Hodgskiss et al. 2020; Wallace et al. 2019
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No cover crop vs. cereal rye




N |CFAES
Environmental factors

SEED MASS (mg)

marestail
Cover crop growth redroot pigweed |
: nightshade, e. blk |
Time of weed emergence large crabgrass |
dandelion I
Weather patterns lambsquarters |
giant foxtail I
Cover crop growth common ragweed [
smartweed .
Field operations jimsonweed [l
velvetleaf -
1 i giant ragweed _
SOIl fertlllty ivyleaf morninglory _
cockliebur |
Weed species our cucumber |
0 20 40 60 80

Life cycle, seed characteristics, emergence patterns Wallace 2020



Waterhemp control

Cultural

* Fall-seeded cover crops

 Row spacing

Cereal Rye and residual herbicide programs had similar
effects on early-season waterhemp emergence

Non-treated control

Spring PRE w/o residual herbicide program

[::> Fall herbicide program
:> Spring PRE residual herbicide program

Austrian winter pea
Hairy vetch

Crimson clover

Oilsced radish

Winter oats

Italian rvegrass

Cereal rve + hairy vetch

:> Cercal rye

Winter wheat

de
1 HIMIHTIHIIHMIMMRY de
UMMMy 2
IIIIMITIIMIMMIMIMININGNY #f

ab

bed

0 100 200 300 400 500

(Cornelius and Bradley, Weed Technology, 2017)

Early-season waterhemp m™

600



Cover crops

One part of a comprehensive weed management program

» |IPM and chemical control strategies

» Systems approach needed to manage herbicide resistance

Effectiveness depends on management and environmental factors

 Most successful when implemented in a tailored plan
» Year by year, field by field

* The effects of cover cropping compound over time, benefits
realized with continued use

» A 401k for your fields



—  CFAES _
Waterhemp control

Effects of soybean row spacing on
Cultural y pacing

waterhemp density

* Fall-seeded cover crops g :: o
* Row spacing > s
g 2 b
0 T r
Drilled 15-inch 30-inch

*Results summarized across herbicide programs, tillage types, and planting populations.

**Means followed by the same letter are not different, P<0.05
© Dr. Kevin Bradley, University of Missouri



Waterhemp control

Mechanical Conventional and minimum tillage were not effective
in burying Amaranthus seed

% of Total Seed Emerged

5-15 cm I15 I15 I18 60

3 2 1 H7

No-Till Minimum Conventional Deep

Soil depth (cm)

15-25cm

Tillage Treatment

*Across 4 Site-Years

K. Bradley (Farmer et al. 2017)
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Waterhemp control

Monitor

 Escapes are likely
* Scouting & ID

« Remove plants before

they set seed™™*




Waterhemp
The Achilles Heel

* Short-lived seeds, control over 3-5 years can eradicate waterhemp
 Go Rogue, Stop the Seed

No pigweed left behind (%
Go Rogue! Stop the seed

v USB

ccccccc




Cover crop fact sheet series

Species Selection

Overview appcation,
‘effective herblcide sites of action, which could delay the
st
Jevels of beomass capable of physically suppressing the
‘Alelopathy, or the effect
Darvested, . may
followed, or grown for seed. Some herbecides allow cover
crops tobe o 1 cattle, while others domr' Bsmens Prochction
Cver Crop Benefits It e sy by et o rme

Build organsc matter and biodversity in the soll.

- Improve infiltration of water o the sol profe terminated. the mare blamass is prechcrd

Sopprassweeds to reduced rate of blomass degradation.

Bicmass prodection s also depensient ca environmereal

s Selection
Species Selectio factors such as sol fertlity and sl moisture.

weillLargely depend on the desired cutcomes. These is often

Inthis case, 1 ol oot pecics, mest

of cover cropping.

 The main odjecthvs for cover cropping may vary based ca
coeuitions at different fiekd sites, crop rotation sequence,

s
species have overlappiog berefits,  primary cbjective of
fixing mitrogen, for exaemple, may ukimately lead toa
ifferent species than aiming to wppress weeds.

Moch like contriduting t0 3 403(K), the benefits of cover
crops are compounded and accumulate with increasiog

Werd seppeession i one of the moat highly reported

‘cover crops can be an additionai too! for implementing

and e of weeds e  th e o the POST e S oy g o e e i

Establishment

Overview

%
TakeaCTION

should be
plantod 1 ato summes 1o eurly {2l to produce sufficient
e Brassic

‘weeds. Weather, peimartly termpecature and peecipitaticn,
though unpredictable, has a maor effect om cover crop
establishmant and growth.

beforo winter.

planting dates than winter-hardy grass species, and

can control that cantributa to successtul cover cTop
establishment. Test seed for germanation and screen for weed
‘seed 1o avold potential contamination.

spectes mixes.
Eartior planting dates can incroase the bloemass of fall-
‘panted winter annual cover crops, but this does not ahways

mportant managersent factoc 1o consier i cover crop
establishmant.

Before Harvest

ops.
‘Carryower to Cover Crops

‘when sunlight stil reaches the sail surface to faciltate
‘germination but shoald be planted late enough that they
don’t compete with the cash crop.

around leaf drop ex Into com earing maturity.
After Harvest

‘seodbed or broadcast on the sofl surface.

also be established In early speing of summes. In cool
regions,

Mt o roft . Mandy S, Unterstyof Msour (rght).

Cover Crop Planting Date

highly dependent on cover crop species.

rotation, tllage system and weather.

flextble planting window and can tolerate planting dates.
after harvest.

Termination

Overview

Terminating, or kiftig,

E’GA%ON
o (e

‘Btomass and grousd cover are two ma drtvers of weed

ywid
yield edection biomass production. Plantieg the cash crop as cose to
termtnation 11 posstble cas Incrvase cover <rop reakde
pe by The high
unting

The use of wintee-kid cower crop spectes cas smgilty

hat die naturally over the winter in mrch of the Midwest
nchade ats, sorghem-sudangrass, tikage and ofiseed
A,

1 cool peggons). On cccantom, some spectes, sich 35 cchsh
‘and winter pea, can surveve the winter, It s best o harve 8
‘managemees plan for ermination of these spectes 1 the
event of survival

of ol pectection, espectally I planted aftr a e hacvest.

weed speches. Fox this reascm, spectes that winter-Hill are:

legeme spectes that overwinlet i ceder 80 peovade weed
suppression and sol protection # the spring.

Mechanicat

rollingjenmping and mowieg.

brrying the plant peskdoe and curting the roces. Vertical

reskdtne md Increase soil wacTring tn the row. Termination
v tillage spends up the breakdown of residoe and
Imcorporates o the sed. In general, this medhod of

using cover crops.

https://iwi

Herbicide Persistence and C
to Cover Crops

Overview
Herbicida- reststant woed 1o havw been escalat
agronoemte crop peoduction across the US. As a result,

programs. These programs often tachude Liyered ressduals
‘with multple st of action.

the £all 50 the outcomes are known before seeding cover
crops i questionable ks ater 1 th it

tors: External

sall surtacn

roductng sokection for reststance.

However,

40 blomass, vartable stands or death of the cover crop.

‘cover crop spectes.

¢
Jong-chatn faty ackd synthests nbdbitors) and 27 (HPPD

snterseeded cover crops (planted inLate e throsgh July
1010 cash crops) to ressdual herbicides.

rop sensivities to specific heebicide active Ingreddents.
Sofl Charactertsics

As 3 resait, higher

Plant destrod cover crop spectes In the sotl, water

Arequently,

crop spectes

sofls with relattvely newtral piL*
Weather

- Warmer temperatures and increased rainfall kead to
increased rates of hesbicide degradation*

nommal i1 the manths fellowteyg pplication.

Iserrtotod, which G ke horbcie pesidence il 0
predict For (e eason, Rlf-Tves — whde hefpful for comparing

covea e ook it Wyt Ptarion, P Untveniy

lItakeaction.com/news/cover-crop-fact-sheet-series
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2023 Weed Control Guide

Ohio, Indiana, lllinois, and Missouri

PDF or hard copy + PDF
e OSU Extension eStore

 Local OSU Extension Office

ANR-789 / WS-16 / IL15 / M171
. i

College of Food, Agricultural,
and Environmental Sciences

2023
OHIO, INDIANA, ILLINOIS, AND
MISSOURI

WEED
CONTROL
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Betsy
Cunningham

Bruce Ackley

Emily
McCormick




—  CFAES _
Weed Management Resources

OSU CORN Newsletter OSU Weed Management Website
http://corn.osu.edu/

OSU Weed Science Website

http://u.osu.edu/osuweeds

2023 Weed Control Guide for
OH/IN/IL/MO

OSU EXtenSiOn ANR_789 @OhioStWeedSci  @OhioStateAgronomy  OSU Weed Science
OSU Extension eStore



http://corn.osu.edu/
http://u.osu.edu/osuweeds

