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Battling Herbicide-Resistant Weeds with Cover Crops
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We e d CO nt ro I Fig. 5: Soybean Yield Losses in 2012 by Pest and Region
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animals combined

Oerke and Dehne 2004; USDA-NASS 2014
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The Big Five

The most common & troublesome weeds in Ohio
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How have we addressed this in soybean production?

Adoption of genetically engineered crops in the United States, 1996-2020
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Stacked traits...
same herbicides
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What's the result of repeated use of the same
herbicide sites-of-action, applied multiple
times a year over many years?
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Herbicide Resistance

Repeated use of same herbicide
Selection pressure

Lack of crop rotation

Narrows herbicide options
Limited sites of action (SOA)

Reduced rates
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Number of Herbicide Resistant Weeds by SOA

===ACCase Inhibitors (1) ==ALS Inhibitors (2) ===FPSP Synthase Inhibitors (9)
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Weed Species with Resistance to More Than One SOA

Weed Species with Resistance to More than One Site of Action
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Herbicide Resistance in Ohio
.~ Spees  CommonName  SiteofAction

Chenopodium album Common lambsquarters 2,5
Daucus carota Wild carrot 4
Amaranthus tuberculatus/rudis Tall waterhemp 2,9
Amaranthus powellii Powell amaranth 2
Ambrosia artemisiifolia Common ragweed 2,2&9,2& 14
Ambrosiatrifida Giant ragweed 2,9,2&9
Xanthium strumarium Common cocklebur 2
Sorghum bicolor Shattercane 2
Conyza canadensis Horseweed 2,9,2&9
Amaranthus hybridus/quitensis Smooth Pigweed 2

Amaranthus ﬁalmeri Palmer amaranth 9, 14

NATIOND The S222e isi i VULCAN GRI-P ForGround 55,
\' , NATI n"nl AndCl"SOHS g Earrﬁ nc'gl ston i1y ¥118 Cover CI‘OP 5 \" EQ U IPMENT H&Tfpﬂﬁ 10 GET mg__x_‘[:En by Bayer Ma r/tl i‘[]:ETII]
\ .‘/‘ "n-'“_l,nﬁ! - _!l'\ Our Roots Run Dee 7

Official Machinery Dealer Sponsor ENVIRONMENTAL
__ Ag Leader A\ APACHE (7 - S orIman
Yetter)

Z/I\y CONFERENCE o -
‘\ . (msoeewes” gem gn gmas CopperheadAgs? %E/}ﬁ}lggﬁf MonTag @ HORSCH Lsw

January 7-10, 2025 « Louisville, Ky.

SPRAYERS




Herbicide Resistance in Ohio
~ Speces  CommonName  SiteofAction

Chenopodium album Common lambsquarters 2,5
Daucus carota Wild carrot 4
Amaranthus tuberculatus/rudis Tall waterhemp 2,9
Amaranthus powellii Powell amaranth 2
Ambrosia artemisiifolia Common ragweed 2,2&9,2& 14
Ambrosia trifida Giant ragweed 2,9,2&9
Xanthium strumarium Common cocklebur 2
Sorghum bicolor Shattercane 2
Conyza canadensis Horseweed 2,9,2&9
Amaranthus hybridus/quitensis Smooth Pigweed 2
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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

“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 soll biodiversity

« Habitat for beneficial insects & fungi

Suppress weeds
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How cover crops suppress weds

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
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How cover crops suppress weeds
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How cover crops suppress weeds

R?>=0.91

100 -
Two main drivers
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How cover crops suppress weeds
Reduction in number and size of weeds

HerblCIde-reSIStance mana‘gement No cover crop vs. cereal rye

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

Potential to reduce herbicide inputs
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Management factors —

Specles selection
Establishment

Planting date
Planting method
Seeding rate

Termination

Method
Timing

Carryover
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Species selection
First consider goals

Species selection will depend on goals

What are your priorities?

Prevent soil erosion

Conserve soil moisture

Protect nearby waterways
Enhance soil health

Cut fertilizer costs

Reduce the need for herbicides
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Species selection for weed control

For weed control, cereal rye is the gold
standard
Cereal rye

Cold hardy

Flexible plant window
Inexpensive

Quick growing
Biomass

Studies show rye to be key contributor to
weed suppression even In species mixes
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60

Establishment

40

20

Planting date

Species dependent
Before vs after harvest | o % 50 70 s0 110
Greater effect on fall emerging weeds

Cereal rye seeding rate (Ib/a)

Waterhemp suppression (%)

Planting method
Drilling vs broadcast é
Seeding rate
Depends on planting method ;
For rye, little impact on weed suppression 0
SoCere:IOrye seeZi(:]g rateg ?Ib/a) " Bish et al. 2021
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Termination

Considerations for planning termination method and tlmlng
Cover crop species :
Growth stage
Weather

Cover cropping goals

Requires a balance
Growing the cover long enough to maximize benefits
Terminating in time to prevent potential penalties to the following cash crop
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Termination method
Natural

Use of winter killed cover crops

Chemical

Herbicides

Mechanical

Tillage, mowing, roller-crimping
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Termination of rye

Generally easy to kill
Glyphosate up to 18 inches

Base rate: 0.75 |b. ae/A
Increase the rate on tall rye or in cool conditions
Possible antagonism with residual herbicides

Roller-crimper after pollen shed
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Termination timing
Greatest Impact on biomass production

Later termination = greater biomass
Inconsistent effect on weed control

Before crop planting

Historically recommended

After crop planting

“Planting green”
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Herbicide carryover

« Soybean herbicides that tend to be most injurious: fomesafen,
pyroxasulfone, imazethapyr, acetochlor and sulfentrazone.

« Corn herbicides that tend to be most injurious: topramezone,
mesotrione, clopyralid, isoxaflutole, pyroxasulfone and
nicosulfuron.

« Residual herbicides that control grass weeds can hinder the
establishment of grass cover crop species

« Broadleaf cover crop species tend to be most affected by groups 2
(ALS inhibitors), 5 (photosystem Il inhibitors), 14 (PPO inhibitors)
and 27 (HPPD inhibitors) herbicides

33" Annual
NATIONAL
\\‘,‘/- NO-TILLAGE

isi a VULCAN GRI-P ForGround TR
& gr?(?‘;SIon E%Il Cover Cx op \“EOUIPMENT &H Aznmsuroug![_yEH by Bayer }]ar““ Tll]

/‘\\ CONFERENEE v oo Ag Leader A\ i APACHEGT . SRS orrman
L Cmsemr g% Conerheaihps vidwest JAON1AS  wyTTYIIT] LW

January 7-10, 2025 « Louisville, Ky. io-Tech..




SEED MASS (mg)

Environmental factors

marestail
redroot pigweed

G D D nightshade, e. blk

large crabgrass

|
|
. dandelion |
Cover crop growth, time of weed emergence lambsquarters |I
giant foxtail
Weather patterns P I.
. . jimsonweed .
Cover crop growth, field operations " eveteot N
. L. giant ragweed _
Soll fertility eatmorngory I
i ur cucumber |
Weed species .
: HP Wallace 2020
Life cycle, seed characteristics, emergence patterns
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Cover Cropping Trends

Shorter-season cash crop varieties

Cover crop drills chasing combines

Interseeding (drill, high-boys, aerial)
Cover crop mixtures (grasses, legumes, mustards)

Variable termination timings
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Termination Timing

Management factors that influence

cover crop biomass accumulation

Cover crop planting date
Cover crop seeding rate

Cover crop termination date

Greatest effect
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Termination Timing

Greatest Impact on biomass
production

Later termination = greater biomass
Inconsistent effect on weed control

Before crop planting

Historically recommended

After crop planting

“Planting green”

Hodgskiss 2021
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Planting Green

Termination of cover
crops after cash crop
planting

Increases biomass

Can increase weed suppression
Potentially better planting conditions
Can be harder to terminate

Variable effect on soybean yield
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Termination Timing

Growers have been experimenting
with planting green in an attempt
to maximize weed suppression and
potentially reduce herbicide inputs

These termination systems need to
be evaluated for effects on weed
control and vield
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Planting Green Treatments

Determine the effects of
1. Rye seeding rate (0, 50, and 100 kg hat)

2. Rye management program (preplant, post plant, and delayed)

3. Residual herbicide use (flumioxazin + chlorimuron ethyl or none)
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Rye Management Programs

Field operation Preplant Post plant Delayed

April saflufenacil
application NoO NO Yes

Rye termination

timing 7 DBP 7 DAP 21 DAP

Late June POST

application Yes Yes NO
I
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Measurements

Cover crop biomass at
each termination timing
Weed population density

Soybean planting through final POST application
Giant ragweed & giant foxtall

Soybean density & yield
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The effect of rye management by residual herbicide
on rye biomass at termination

Rye Biomass .

30000

Seeding rate — NS -
Rye management -
X residual herbicide

Interaction :

2019 2020 2021

» Preplant + residual & Preplant - residual 11 Post plant + residual

P - i ] + i |
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The Effect of Rye Seeding Rate on Giant Foxtail

Weed Density Densiy

250
a
200
)
Seeding rate :
< 150
o
: = b
*Giant ragweed NS T
’ B 100 %
*Giant foxtail = é
8
-Density lower in treatments with rye O %
50 % ns a
compared to absence é I I
O é '(}E){, ,mpm i Qb b [ | 55555555555555555555
2019 Mid 2019 Late 2020 Late 2021 Mid 2021 Late
season season season season season
m 0 kg/ha ~50kg/ha =100 kg/ha
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The Effect of Rye Management on Giant Ragweed

Weed De nS Ity . Density at POST

(\IIE 12
Rye management 5. //
*Delayed program generally lowest R / a
*Not always different than post plant D 6 %
: /
0] % b
. /
. Wb _
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The effect of rye management on giant foxtail density

Weed Density PosT

(\IIE 50
Rlyed managﬁment : /%
*Delayed program generally lowest [P
*Not always different than post plant § %

S 20 7

5 _.

m Preplant «» Postplant = Delayed
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The effect of residual herbicide on density of giant

Weed De nSIty foxtail at POST

50

45

Residual herbicide «

*Giant ragweed - NS

w
(63}

w
o

*Reduced density of giant foxtail

: -
| -% =

B Flumioxazin + chlorimuron-ethyl  » Nontreated
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Soybean Yleld The effect of rye management on soybean

yield

6000

Seeding rate

«2019 highest with rye at either rate
«2020 — NS

«2021 — NA (voles)

5000

Soybean yield kg hat
N w B
o o o
o o o
o o o

Management program 1000

«2019 highest in post plant & delayed )

«2020 lowest in delayed

.2021 NA m Preplant ~# Postplant = Delayed
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Conclusion

A rye cover crop can reduce
weed density

- Still need chemical control

Rye management program and
residual herbicides influence
biomass production and weed
suppressive potential
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In Summary

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
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Cover crop fact sheet series

Species Selection

Overview

%‘
_‘%";ACTION

pplicat
effective herbicide sites of action, which could delay the

periods whena field would otherwise be fallow. Most cover

Most

levels of blomass capable of physically suppressing the
Al

the effect

harvested,

ps, may

followed, o grown for seed. Some herbicides allow cover
crops to b fed t catle, while thers don't.

Caver Crop Benefits

‘Biomass Production

In general, weed suppeession by cover crops increases as

‘Build organic matter and blodiversity in the soil.

terminated, o

Suppress weeds.

Species Selection

toa reduced rate of biomass degradation.

factors such as soflfertility and soil moisture.

will Largely depend on the desired outcomes. There is often

‘Species selection s one of many management strategles

ops.
Inthis case,

Some species, such i most

of cover cropping.
‘The main objectives for cover cropping may vary based on
conditions at different field sites, crop rotation sequence,

species have overlapping benefits, a primary objective of
fixing nitrogen, for example, may ultimately lead o3
different species than aiming to suppeess weeds.

- Much like contributing to a 401(k),the benefits of cover
crops are compounded and accumulate with increasing
value over time.

Weed Suppression
‘Weed suppression is one of the most highly reported

‘cover crops can be an additional ool for implementing

Figune
Phokocrdi Alyssa Essman, The Ghio Sate Universy.

Establishment

Overview

%\
TakeaCTION

ey

Spectes that winter klls, such as forage radish, should b
planted in late summer to carly fal to produce sufficient

frost Brassica

weeds. Weather, primartly temperature and precipitation,
though unpredictable, has a major effect on cover crop
establishment and growth.

before winter.

‘planting dates than winter-hardy grass species, and

‘can control that contribute to successful cover crop
establishment. Test seed for germination and screen for weed
seod to avold potential contamination.

species mixes.

Earlfor planting dates can increase the blomass of fall-

important management factor to consider tn cover crop
establishment.

Before Harvest

when sunlight sil reaches the soll surface tofactltate.
gormination but should be planted late enough that they
don’t compete with the cash crop.

around leaf drop or into corn nearing maturity.
After Harvest

seedbed or broadcast on the soflsurface.

"Depending on erop rotatson, some cover crop spectes can
also be established In early spring or summer. In cool

2 Mssourt, fhoto crad: L. Mondy B, Untversty o Miscet (righ).

Cover Crop Planting Date

highly dependent on cover crop spectes.

rotation, tillage system and weather.

flextble planting window and can toleate planting dates
aftor harvest

fon:

Terminating, or kills

(Yo

o

Blomass and ground cover are two main drivers of weed

TBkedCTION
=

cropyield. Excessive competition from the cover crops can

yteld reduction.

blomass production. Panting the cash crop as close to
tenmination as possible can increase cover crop residue

planting,

Thehigh

Termination Method
Natural
“The use of winter-illed coves crop speces can simplfy

that die aturally over the winter 1n much of the Midwest
nclude oats, sorghumm-sudangrass, Ullageand ofseed
Jdish,

n cool eglons). On occaston, some species, such as radish
and winter pea, can survive the winter. It 1s best to have a

-t plan for termination of these species n the
event of survival

pe
of ol protection, espectaly if planted after a ate harvest.

‘weed species. For this reason, species that winter-Killare

legume spectes that overwinter In order to provide weed
suppression and soll protection tn the spring.

Mechanical

rolling/crimping and mowing.

burying the plant residue and cutting the roots. Vertical

residue and increase soll warming tn the row. Termination
via tilage speeds up the breakdown of restdue and
Incorporates 1t nto the soi. In general, this method of

using cover crops.

Herbicide Persistence and Carryover

to Cover Crops

Overview

- Herbickda- reststant weed issves have boen escalating in
agronomic crop production acrass the U.S. As a result,

%\
%";ACTION

the fall 5o the outcomes are known before seeding cover
crops tn questionable fields later tn the fall.

Carryover Risk Factors: External

programs.
with multplestes o acton.
the
£ soll surtace.
y
reducing selction for resistance
por
T o of
inblomass, vartable stands o death ofthe cover crop.
op
r
covercrop spectes Tong-chatn fatty acid synthasts Inhibitors) and 27 (HPPD
ibitors).
mterseeded cover crops (planted n late June through July 0P Snakivicies t0 Spacitic baxhicids acuve ingradiants.
into cash crops) to residual herbicides. Sofl Charactertstics
Asaresul,higher
<
were treated
Pk issd Cone: iop Bpaciss I b, Wt Low or high sol p can increase ot decrease herbicide
crop species. t
fertile,serated
sotls with relaively neutral pH.*
Weather

Warmer temperatures and increased ratnall lead to
tncreased rates of herbicide degradation

Conversely, herbicide carryover tends to 1ncrease under
drought condittons oe when temperatures are cooler than
nomnal in the months followtng application.

year 0 year
nterrelated,

predict. For this reason, half-Itves — while helpful for compartng

Pgwe
el e Photo ret: Wyt Ptenion, Pudue University.
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https://iwilltakeaction.com/news/cover-crop-fact-sheet-series

Where to find weed management information

 OSU Weeds Website - https://u.osu.edu/osuweeds/
 C.0O.R.N newsletter - http://corn.osu.edu/

« Social media - X, Facebook, YouTube, Instagram, TikTok

Website

« War Against Weeds podcast - hitps://waragainstweeds.libsyn.com

« Take Action website - https://iwilltakeaction.com/weeds/

« Crop Protection Network - https://cropprotectionnetwork.org

« GROW Network - https://growiwm.org/weeds/

33" Annual . N

L ' VULCAN ForGround . aflurs

\\‘,/ “3Tln"nla i '\;—_ EgrﬁnCQISIOI‘I TR ¥118 Cover Crops \Y‘EOUIPMENT Hsffmegﬂzgn_vn‘;n or roﬁgyﬁ h]artlll Tlll
.‘ “ -'Illn E Our Roots Ru . )

. . J A\ n Deep Official Machinery Dealer Sponsor
- _ . APACHE BIS 1
N _—  Ag Leader A\ CGT OTITAN

MonT
January 7-10, 2025 + Louisville, Ky. @ (wum?ﬂ: tl" "5 EalAg== I\Bﬂ'idWESt M @ HORSCH !'s'w

ioTech..



https://u.osu.edu/osuweeds/
http://corn.osu.edu/
https://waragainstweeds.libsyn.com/
https://iwilltakeaction.com/weeds/
https://cropprotectionnetwork.org/
https://growiwm.org/weeds/

2025 Weed Control Guide

Ohio, Indiana, lllinols,
and Missourl

OSU Extension eStore:
https://extensionpubs.osu.edu
OSU Pub Office: 1-800-678-6114

or

Local OSU Extension Office

ANR-789 /WS-16/1L15/M171

2025

OHIO, INDIANA, ILLINOIS,
AND MISSOURI

WEED
CONTROL
GUIDE

@ T ILLINOIS EXTENSION &
THE OHIO STATE @ PURDUE | Extenalon COLLEGE Ic L, C

nnnnnnnnnn R Extension
University of Missouri
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https://extensionpubs.osu.edu/

Questions?

Email essman.42@osu.edu
Website https://u.osu.edu/osuweeds/
Socials @ohiostateweeds

Y /VULCA
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