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There i1s no doubt, there
are grand challenges that
face U.S. agriculture.
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Why advance IWM?

“U.S. farmers are heading for a
Crisis”
Dr. Stephen Powles, University
of Australia, Crawley.

Science VOL 341, Page 1329
20 September 2013
www.sciencemaq.org




One of Australia’s largest herbicide-
resistant weed problem is
Rigid ryegrass (Lolium rigidum
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Where | come from...

SR - Grew up on diversified grain and
@t swine farm In Knox Co. IL
3l « College or Farm? » College

§ * Had a summer internship at a
research farm following my
freshman year » RR soybeans?

p Still searching.....and re-
searching....
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Home farm, Knox co. lllinois




We do farm some ‘hills’ in lllinois




~ 50 acres
40 bpa corn in 1996
to
60 bpa SB in 1997
135 bpa in 1998
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No Reasomn Roundup
For Residuals In B8
Roundup Ready Soybeans

Extensive research has shown that the best weed control and value is achieved
when Roundup Ultra™ herbicide is used alone in Roundup Ready® soybeans. Soil
residual herbicides add costs, offer no significant weed control benefit, and create
~ the potential for greater crop injury, delayed canopy closure and carryover,

Weed Control Comparisons

All across the major soybean growing areas of the Midwest, the consolidated data
from 1993 through 1997 confirms the outstanding weed control provided by Roundup
Ultra alone in Roundup Ready soybeans.

Narrow Rows (Less than 20")

Weed Species

% Weed Conlrol

% Weed Conlrol
Roundup Ultra DNA/Roundup Ultra

Roundup Ultra  Prow!®/Pursuit®
Giant Foxtail a5 92 96 96
Crabgrass 96 89 95 94
Fall Panicum 93 70 92 92
Velvetleaf 92 89 96 95
Lambsquarters 94 76 91 93
Pigweed 92 86 94 92
Waterhemp 95 77 95 94
Cocklebur 94 90 95 93
Glant Ragwead 87 72 91 89

Morningglory 85 7 83 81
Pann. Smantweed 92 90 a3 89
Notes: 1) Clean start with Roundup Ultra at labeled rates — or tifage

2) Ratas: Roundup Ulles - 32 ow/f; Cormmercial Standards - Labeled Aates
3) All tikages combleed



Change in Herbicide Diversity Over Time

-=—Active Ingredients

-+ Sjtes of Action
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Figure 1. Number of different herbicide active ingredients and herbicide
sites of action used on at least 10% of U.S. soybean hectares from 1990 to
2006. Data adapted from USDA-NASS (2008)

Courtesy of Ryan DeWerff
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So what happened?

e Reductionin
residual herbicide
use

* Delayed
postemergence
nerbicide N
applications
* Glyphosate-
resistant weeds.....

Preplant residual herbicide
advertisement in the 1980 (Volume 12)
publication of Weeds Today
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Cummulative Number of Glyphosate-Resistant Species (bars)

1990

mm Cummulative glyphosate-resistant weed species
== Glyphosate use in soybean

=4~ Glyphosate-resistant soybean

—o—Glyphosate use in corn
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—8—Glyphosate use in cotton
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'ROUNDUP READY.PLUS_

WEED MANAGEMENT SOLUTIONS

Roundup Ready’ Soybean
Recommendations and Incentives

PLAINS, MIDWEST, NORTHEAST

lo fight tough weeds, use Roundup® brand agricultural herbicides, the only glyphosate-containing
herbicides for use on Monsanto technology acres. Choose from the following eligible brands of herbicides
in Genuity” Roundup Ready 2 Yield” Soybeans or Roundup Ready" Soybeans to qualify for incentives.

Roundup Ready PLUS™ Soybean Herbicides | Matching Rates and Incentives Per Acre

WITHOUT GLYPHOSATE-RESISTANT WEEDS or moderate weed pressure

Al o =
A VALOR: \/lor e
W 200z 300z nwm 500z
53 o -
240z
1000z

MIANICIRS OIII'CI

$2.50 $3.00 $3.00 S1.00
$3.00 $3.00 $3.00 S1.50
Matching rales* 22 0z, 22 0z, 22 0z. 22 02,

Use 2.0 gt. of INTRRO® along with 22 oz. of Roundup PowerMAX™ and receive a S1.00 per acre incenfive, or receive a S1.50 per acre incentive when used with
22 0z. of Roundup WeatherMAX®



Evolving yield robbers....
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Giant Ragweed
(Ambrosia trifida)
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(Ambrosia trifida)
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Common Waterhemp (Amaranthus rudis)
e Resistant to 6 herbicide Mode-of-Actions!




2003, we have a problem .

* What is the distribution and frequency TN
Indiana? Provide timely farmer education

-+ Can resistance be predicted in fields with poor control?
* Are there variable levels of glyphosate resistance?

| « What are the growth characteristics and fecundity of this
b “‘winter annual weed”?
: * How do the population dynamics of glyphosate-resistant
horseweed change under various crop management '
practlces’?




i 2003 - 2005

A

Flelds Surveyed

Source % H

. £ ':: e GPS Random 80 1085
= High Populations 11 145
Non-cropped area 8 104
Submitted 1 10

Total 1347

Davis et al. 2008. Weed
Technol. 22:331-338.




Glyphoesate-Resistant (GR) Horseweed

* Found in 29 / 92 counties In
Indiana

gl * In Indiana

F% ggﬁ = GR biotypes are most frequently

found In the southeastern region

« Southeastern Purdue Agriculture
Center (SEPAC) is centrally
located

Glyphosate Resistant

Glyphosate Susceptible




Welcome to the Home of

PURDUE
Horseweed i
(Con yza canadens.'s} SCIENCE

dscience

orseweed ( Conyza canadensis ) is more commonly known as
marestail to most Indiana farmers. Horseweed is native to the United States,
i me much more problematic to control in Roundup
Horseweed is w:nll pted to no-ill crop

icides in:*lu:iin_q

Funding for our
horseweed research
and extension efforts
has been provided by:
Indiana Soybean Board
Purdue University Ag
Research Programs
Monsanto

Syngenta

Dow Agrosciences
\Bfgﬁelzt anc _ tions about this site or if
Dupont v and links v : g to this site, please
USDA Critical and © = - -

Emerging Pest Program

varieties 60% of s n utilizing no-till
a high priority for Purdue Weed Extension to help Indiz
i S frui th:: h 3 ep horseweed from b
griculture pro:iu:.tmn and environmental qus

t horseweed po
ober of 2

through fin p d o7 ab s

see our recent mar‘ms::ript in Wee::i Technology: Davis, V. M., K. D.
Gibson, and W. G. Johnson®. 2008. A Field Survey to Determine
Distribution and Frequency of Glyphosate-Resistant Horseweed
(Conyza canadensis) in Indiana. Weed Technol. 22:331-338.

Sites Surveyed - this page displays the intensity and location of Indiana
counties that have been surveyed for horseweed escapes in 2003 through
2005.

n intz:r’u"tivz: map of IN
ation :Jfglvpho_.

IN and OH Screening Results - this page has a state map showing
counties with confirmed glypho M 3 in both IN OH.




PURDUE
WEED
SCIENCE

County Name:

Adams Lawrence
Allen Madison
Bartholomew Marion
Benton Marshall
Blackford Martin
Boone Miami
Brown Monroe
Carroll Montgomery
Cass Morgan
Clark Newton
Clay Noble
Clinton Ohio
Crawford Orange
Daviess QOwen
Dearborn Parke
Decatur Perry
DeKalb Pike
Delaware Porter
Dubois DPosey
Ellchart Pulasld
Fayette Puinam
Floyd Randolph
Fountain Riplev
Franldin Rush
Fulton Scott
Gibson Shelby
Grant Spencer
Greene St. Joseph
Hamilton Starke
Hancock Steuben
Harrison Sullivan
Hendricks Switzerland
Howard Tipton
Huntington ~ Union
Jackson Vanderburgh
Jasper Vermillion
Vigo

Jefferson ‘Wabash

Screening results from 2003 through 2005 horseweed collections  Jonines

are available from counties colored in gold by dlicking on the Tohnson

county map or county name. Kooz




County Resistance Map
County

= . "
IR S

¥ 3 .t‘; ":_:'.: Y . L% B 'r“ ;‘ ot .
A% i.'?ﬁi G S M o o B :g"‘;
C e eewssn i WEERL e 1
2003 Survey Points
@ No horseweed/marestail observed Land Use
Response to a 2X rate of glyphosate [ Cropland
@ Tolerant (less than 60% control) Pasture/Grassland
Slight tolerance (60 to 85% control) B rallow
) Susceptible (85% or greater control) B Wocds/Wetlands
Testing not complete or sample not collected

http://www.btny.purdue.edu/weedscience/marestail/counties/BartholomewO03. pdf






Classification Tree Analysis

* For glyphosate-resistant horseweed,
resistance prediction factors

Yes HW injury o

Soybean
Crop
rotation

Scattered Patchy

~ Field
distribution

None

Additional
weeds

Misclassification
rate = 0.32

Davis et al.
2009. Weed
Sci. 57:281-
289.
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Parent Population
Glyphosate Dose Response

—
iy 2] o ]
= ] ] =

I I I I

Plant biomass (% of check)

]
=
I

Glyphosate dose (1X = 0.84 kg ae/ha)



Docdments  ARM Weed
) Codes Quic...
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S1 Progeny

Glyphosate Dose Response

120

> oo o
S S S
I I 1

Plant biomass (% of check)
i

20

No significant differences at ___

P=0.05 between low-R and
high-R

280

- 3942
~ 499
- 5025
5043

0 0.1 1
Glyphosate dose (kg ae/ha)

10

Davis et al.
2010. Weed
Sci. 58:30-38.
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* What are the growth characteristics and fecundity of this
“‘winter annual weed”?
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Horseweed Seed Production

« Primarily SRING EMERGING!

« Survivorship is LOW
= Survival reduced by soybean competition

88 to 98% of seed
production comes from
plants above the
soybean canopy

2 to 12% of seed
production comes
from plants below
the soybean canopy




Conclusions

* Davis and Johnson. 2008. Weed
Scl. 56:231-236.

How about multiple resistance and
fitness following herbicide
applications?

* ALS-R + Gly-R (multiple HR) plants
can have no fithess penalty
producing >280,000 seeds/plt

*Davis et al. 2009. Weed Sci. 57:494-504.
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' » How do the population nami

cs of glyphosate-resistant
horseweed change under various crop management
practices?




Management Options

« Long-term no-till field experiment

'« Established at SEPAC
« Fall 2003 — Spring 2008

= Study area was previously in a no-tillage
management system

« contained a moderate infestation glyphosate-
resistant horseweed escapes (1 plant m=2)




Initial SEPAC S:R Seedbank Ratio

« Screened with 2X glyphosate (1.8 kg ae hat) at 5-10
CM rosette size

« Sprayed again with 4X at 21DAT

1:4
S:R
0]
/6% resistant

———

DA 4X glyphosate

AL,

*21



Conclusions 2003-2005

« Viable horseweed seed persistence declines
rapidly during the spring and summer months

« To maximize crop yield apply residual
herbicide In the spring prior to crop planting

« Davis et al. 2007. Weed Sci. 55:508-516.

« Experiment continued....



Conclusions 2005-2007

« Horseweed densities increased in continuous
soybean systems confirmed rotation effects
noted In survey

* SR ratio shifted from 1:4 to 6:1 after four
years In systems using residual herbicides
and no postemergence glyphosate

« Empirical evidence of resistance shifts
Influenced by cropping system

« Davis et al. 2009. Weed Sci. 57:417-426.




In Summary.

sTrw ; = = “v’. Vi R R .z v
L R G e R e, oA R R
YORPT NG VAT O 2 ’

"« No-till, soybean-soybean rotation
« ~ 20 fold levels of glyphosate resistance

. * GR populations can be reasonably predicted

y | * Primarily spring emerging (summer annual)
<= * Low fecundity below the soybean canopy

| *To manage horseweed,
Pk e rotate crops, plant soybean crop timely
« apply herbicides at the right time
« start with clean field, use residual
herbicides, and rotate herbicide MOA's
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2013 Glyphosate-resistant horseweed is now in every
county of the state”
Dr. Willlam G. Johnson, personal communication
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FIELDS SURVEYED PER
REGION 2012 & 2013




WEED POPULATIONS COLLECTED
WITH SUSPICION OF GLYPHOSATE
RESISTANCE

Weed Species 2012 2013 Total
Giant ragweed 5 10 15
Waterhemp 5 9 14
Common lambsquarters 5 1 6
Velvetleaf 4 1 5
Powell amaranth 3 3
Common ragweed 2 1 3
Redroot pigweed 2 2
Horseweed 1 1 2
Smooth pigweed 1 1
Ladysthumb 1 1




GLYPHOSATE-REISTANT
GIANT RAGWEED - 2012

Glyphosate-resistant horseweed Glyphosate—susceptible horseweed

phosate-resistant
giant ragweed

i Gly
v » e
7 "‘ i 0% .‘ \\E, »

0.5x 0.25x Ox Ox 0.25x 0.5x 1x 2x 4
Glyphosate rate for each column of plants

oW -
INIVERSITY OF WISCONSIN-MADISON S —

University of Wisconsin-Extension

GLYPHOSATE-RESISTANT
HORSEWEED - 2013




What’s the big deal?

Thoughts to consider:

* It’s not on my farm,............it’s not my
problem

e Ifl getit,.....ccceuueneee. ..someone (industry)
will give me new tools to fix it

uW - v SITY
Extension WISCONSIN

Cooperative Extension . mAaDISON



IBkEACTION

HERBICIDE-RESISTANCE

( MANAGEMENT

WEED OUT SPRAY THE
RESISTANCE ATTENTION BOTTOM LINE
= Know Your Weeds = Crop Rotation = Herbicide Mode = Risk Management

= Know Weed Growth = Multiple Herbicide of Action and Properties ¢t Benefit

IR CNEed Sead Modes of Action = Drift Management of Practices
Characteristics = Mechanical Practices = Know Environmental = Know the Cost of

= Know Herbicide = Know Herbicide Conditions Poor Weed Control
Resistance Tolerant Traits = Know Your Neighbors

-~ USB
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ssue Paper  reway 2012

Herbicide-resistant Weeds Threaten Soil
Conservation Gains: Finding a Balance for
Soil and Farm Sustainability

The balance between conservation tlllage and herbiclde-resistant weed management Is the central Issue addressed In this

paper. (Left photo from ARS; middie photo from Howard F. Schwartz, Colorado State Unlversity, Bugwood.org: right photo
from Shutterstock.)

e ~ oy . < :

Glyphosate-resistant crops are where the farmer does not need to
ABSTRACT planted on the majority of canola, modify or abandon his current con-
Tillage has been an integral part corn, cotton, soybean, and sugarbeet ~ servation tillage practices in order to
of crop production since crops were  acres in the United States and many ~ manage a resistant weed population.
first cultivated. Growers and sci- other nations as a result of efficacy Best management practices (BMPs)
entists have lone recoonized both and economics. When anv sinoele her- that have been established for both
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Controlling weeds with Herbicides
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What i1s the number one most
Important aspect for IWM In
the future to include?



What is the number one most
useful aspect of herbicides?

« SELECTIVITY!

— Selecting different herbicides, and different
herbicide application methods, give the
ability to control a weed WITHOUT
significant (or any) detrimental effects to

vegetation of interest
* Followed by: Residual control!



Mechanical Weed Management
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Zone Herbicide Application

Different herbicide rates applied between-
row and in-row

Can we
return to
this?
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Flame Weeding
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Mechanical Weed Management

Challenges to mechanical weed
management:

Weather

Timing and labor
Equipment cost
A lost “art”

Root pruning
No-till

Energy usage
No residual control

Lack of control in close proximity to crop plants




2 : Lynn Betts, USDA-NRCS



In conclusion

 Theissue is not simple, and neither will be the
solution

* We can’t ‘return’ to IWM practices of yesteryear,
they weren’t robust then, why would they be now.

* We need new ‘novel’ integrated approaches to
address this issue

 They will have to integrate new technologies
(biological, computer, and equipment)

Extension

Cooperative Extension




Thanks for your attention!
Vince M. Davis vmdavis@wisc.edu
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