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New Herbicide Updates

• Corn
– Instigate: DuPont; rimsulfuron + mesotrione

• Rate: 5.25 to 6.0 oz/a
• 14 day EPP to V2 corn 

–Anthem: FMC; Cadet + Zidua
• Rate: 7 to 13 fl oz/a
• 45 days EPP to V4 corn



New Herbicide Updates

• Soybean
–Marvel: FMC; Cadet + Fomesafen

• Rate: 5.0 to 7.25 fl oz/a
• Not labeled North of I94 (check geography 
restrictions)

• Pyroxasulfone products labeled on 
soybean



Pyroxasulfone (KIH‐485)

pyroxasulfone

BASF
Zidua

Pyroxasulfone
(alone)

FMC
Anthem [ATZ]
Pyroxasulfone + 
fluthicet (Cadet)
[ + atrazine]

Valent
Fierce

Pyroxasulfone + 
flumioxazin (Valor)



Zidua
BASF

• Pyroxasulfone ‐ alone
– MOA: seedling shoot inhibitor

• Preemergence in corn and soybeans
• Low use rates, soil type dependent 
• Residual control of both grasses and 
broadleaves, especially smaller seeded 
broadleaves including pigweeds

• Now registered in corn and soybean



Dow Product Formulation Changes
NXT Product Formulations, Active Ingredient Loading 

and Delivery, and Rate Ranges
Lbs ai/gallon Lbs ai/application unit

Product Formulation Acetochlor Atrazine Acetochlor Atrazine Rate* Range

Surpass NXT 7.0 EC 7.00 -- 0.875/pt -- 1.25 - 3.4 
pts/A

FulTime NXT 4.04 SE 2.70 1.34 0.675/qt 0.335/qt 2.9 - 4.4 qts/A

Keystone 
NXT

5.6 SE 3.10 2.50 0.775/qt 0.625/qt 1.4 - 3.0 qts/A

Keystone LA 
NXT

6.0 SE 4.30 1.70 1.075/qt 0.425/qt 1.8 - 2.7 qts/A

*Determined by soil texture and organic matter content, tillage, and weed density; consult product labels 
for specific rate recommendations.

(Table courtesy of Scott Ditmarsen, Dow AgroSciences



Herbicide 
resistance update

June 11, 2012; 14 D after 32 Fl oz Roundup Weathermax



Most concerning weeds for 
herbicide resistance in WI

• Giant Ragweed
– CONFIRMED resistant to glyphosate
– CONFIRMED resistant to cloransulam‐methyl (FirstRate®)

• Horseweed
– CONFIRMED resistant to glyphosate

• Amaranthus sps. (Palmer amaranth, Powell amaranth, 
redroot &smooth pigweed, and waterhemp)
– None confirmed resistant, but movement continues north 
(evidence in MI, IL, and IN)

• 2012 and 2013 Late‐season weed survey



WSSA Herbicide Resistant weed modules: 
http://www.wssa.net/LessonModules/herbicide‐resistant‐

weeds/index.htm



Palmer 
amaranth 
(Amaranthus 
palmeri) is in 

Wisconsin Crop 
Production Fields

Wisconsin Crop 
Manager article

10/13/11



Most concerning weeds for 
herbicide resistance in WI

• Giant Ragweed
– CONFIRMED resistant to glyphosate
– CONFIRMED resistant to cloransulam‐methyl 
(FirstRate®)

• Amaranthus sps. (Palmer Amaranth and 
Waterhemp)
– None confirmed resistant, but movement continues 
north (evidence in MI and IN)

• 2012 (and 2013) Late‐season weed survey



http://msue.anr.msu.edu/news/palmer_amaranth_found_in_mo
re_michigan_fields_now_is_a_good_time_to_scout

Now in 8 counties



http://www.purdue.edu/newsroom/releases/2012/Q4/aggressiv
e‐palmer‐amaranth‐weed‐found‐in‐northern‐indiana.html

Now at least 50 fields 
in 8 counties



Palmer Amaranth in 
Northwestern Indiana

Stories you know are real, because I can’t make this up

2012
• Soybean grower accepts ‘free’ dairy manure in early spring 
• Planted soybean May 15th
• 21 day later, sprayed Extreme at 3 pts. + 16 oz of Roundup
• 21 days later Second Application 32 oz Roundup
• July 9th, (3rd POST application) 12 oz Cobra + 12 Oz Crop Oil + 2 

oz Surfactant

August 8th, 2012 photos:



August 8th, 2012



UNT ‐‐‐‐20 lb ae/A Glyphosate‐‐‐‐ ‐‐‐‐10 lb ae/A Glyphosate‐‐‐‐

Response of an Indiana population of Palmer 
Amaranth (45) to Glyphosate  

(courtesy of Bill Johnson, Purdue University)



Confirmed locations of 
Palmer Amaranth -
May 2013

(courtesy of Bill Johnson, 
Purdue University)



Confirmed locations of 
Palmer Amaranth –
September 2013

(courtesy of Bill Johnson, 
Purdue University)



2011
2012

Drake
-OH

Glyphosate
Resistant 
Waterhemp
September 18,
2013

(courtesy of Bill Johnson, 
Purdue University)



Indiana Counties with Glyphosate
Resistant or Tolerant Giant Ragweed
Populations (January 2008)

This Montgomery county field has glyphosate-resistant 
marestail, glyphosate-resistant giant ragweed, and glyphosate 
“tolerant” common lambsquarter!



Be on the lookout for Amaranths in WI

http://ipcm.wisc.edu/blog/2011/11/palmer‐
amaranth‐is‐in‐wisconsin‐crop‐production‐
fields/

Iowa State 
University 
Extension 
Publication





Be on the lookout for Amaranths in WI



Be on the lookout for Amaranths in WI



Most concerning weeds for 
herbicide resistance in WI

• Giant Ragweed
– CONFIRMED resistant to glyphosate
– CONFIRMED resistant to cloransulam‐methyl 
(FirstRate®)

• Amaranthus sps. (Palmer Amaranth and 
Waterhemp)
– None confirmed resistant, but movement continues 
north (evidence in MI and IN)

• 2012 (and 2013) Late‐season weed survey



http://www.zoomerang.com/Survey/WEB22FSESTMEKJ



OBJECTIVE OF LATE SEASON 
WEED ESCAPE SURVEY

• Identify areas of Wisconsin for potential shifts to 
weeds that: 
• are more difficult to control with glyphosate 
• where glyphosate resistant weeds may first appear

• Direct attention to these areas

• Pro-active resistant management tactics can be 
implemented before wide-scale control failures occur

• Conduct glyphosate-resistant screening in the 
greenhouse



MATERIALS AND 
METHODS

• On-line survey distributed to Wisconsin 
producers in June 
• Generated sample locations
• Gained crop history, herbicide use, tillage, and 

problematic weeds for sample locations
• Lets take a quick look







MATERIALS AND 
METHODS

• On-line survey distributed to Wisconsin 
producers in June 
• Generated sample locations
• Gained crop history, herbicide use, tillage, and 

problematic weeds for sample locations
• Lets take a quick look

• In-field survey in corn and soybean fields during 
late-July through early-September followed the 
online survey



MATERIALS AND METHODS
• In-Field Survey Sampling Procedure

• 20 quadrants (m-2), spaced approximately 20 m 
apart

• Counted number of each weed species in each 
quadrant

100 paces

100 paces



• Frequency data were calculated for each weed species

• Data can be grouped separately by
• Region (based on National Agricultural Statistics Service     

reporting districts)

• Crop, tillage, atrazine use history 
• not focusing on these categories today

Frequency =
number of fields where species occurred

x 100
number of fields sampled

MATERIALS AND 
METHODS
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2012 IN-FIELD SURVEY
• 153 fields sampled (Number of fields surveyed by crop 

and region shown below)

• 64 different weed species documented 

• 43 broadleaf species
• 21 grass species or plants resembling grass 

species
• Top 5 most frequent weeds and percent frequency

1) Common lambsquarters (58.3%)     4) Giant foxtail (24.5%)
2) Dandelion (57.6%) 5) Yellow foxtail (22.5%)
3) Velvetleaf  (32.5%)

--------Crop-------- ------------------Region------------------

Corn Soybean NC W C E SC

Fields Surveyed 90 63 22 39 29 29 34



2013 IN-FIELD SURVEY
• 190 fields sampled (Number of fields surveyed by crop 

and region shown below)

• 82 different weed species documented 
• 61 broadleaf species
• 21 grass species or plants resembling grass 

species
• Top 5 most frequent weeds per field and percent 

frequency
1) Dandelion (62.6%)     4) Fall panicum (22.1%)
2) Common lambsquarters (54.7%) 5) Volunteer corn (22.1%)
3) Velvetleaf  (34.7%)

--------Crop-------- ------------------Region------------------

Corn Soybean NC W C E SC

Fields Surveyed 110 80 20 58 22 23 67



2012 & 2013 IN-FIELD SURVEY
• 190 fields sampled (Number of fields surveyed by crop 

and region shown below)

• 92 different weed species documented 

• 67 broadleaf species
• 25 grass species or plants resembling grass 

species
• Top 5 most frequent weeds and percent frequency

1) Dandelion (59.8%)     4) Fall panicum (21.6%)
2) Common lambsquarters (56.0%)  5) Yellow foxtail (21.3%)
3) Velvetleaf  (32.8%)

--------Crop-------- ------------------Region------------------

Corn Soybean NC W C E SC

Fields Surveyed 110 80 42 97 51 52 101



WEEDS COLLECTED WITH SUSPICION 
OF GLYPHOSATE RESISTANCE

----------Number of Populations Collected----------

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



WHERE IS THE GIANT 
RAGWEED AND WATERHEMP?



GIANT RAGWEED



GIANT RAGWEED



WATERHEMP



Common Waterhemp (Amaranthus rudis)
• Resistant to 6 herbicide Mode-of-Actions!



1 P-Value Significance: 0 to 0.001 = ‘****’; 0.001 to 0.01 = ‘***’; 0.01 to 0.05 = ‘**’; 0.05 to 0.1 = ‘*’
2 A significant p-value indicates a correlation between weed species frequency and crop type.

Common Name
Region

State NC W C E SC Chi-square test1

-------------- % --------------- P-value2

Giant ragweed 12.5 0.0 21.7 3.9 1.9 18.8 <.0001****

Waterhemp 8.8 2.4 8.3 0 9.6 15.8 0.0092***

WHERE IS THE 
GIANT RAGWEED 

AND WATERHEMP?



GIANT RAGWEED MANAGEMENT
One-pass programs –WILL NOT WORK
Start with clean field, Use a residual herbicide
In soybean

1. Use a PRE PPO + cloransulam (Authority 
First/Sonic; Gangster)

2. Use a PRE PPO + imazethapyr (Authority 
assist, Optill) or PRE PPO + PSII (Authority 
MTZ or Lorox) or PRE PPO + seedling shoot 
inhibitor (Prefix)

Follow all pre programs with TIMELY 
postemergence applications!



GIANT RAGWEED MANAGEMENT

In corn
Use a PRE triazine + acetanilide + HPPD 

Followed by: Glyphosate + ……. 
HPPD and/or triazine and/or ALS and/or growth 
regulator (Callisto Xtra, Halex, Laudis, Capreno, 
Status, Northstar, Yukon)

Spray postemergence applications TIMELY!



HORSEWEED





Estimated ED50 Resistant:        40 fl oz ac‐1
Susceptible:     7 fl oz ac‐1



Horseweed Management
• Horseweed (Conyza canadensis) is typically a 

winter annual weed.
• Mostly a problem in no‐till production
• Very small seeded with low seedbank survival
• Start with a clean field

• Spring tillage works well
• In No‐till, time burndown applications prior to 

4” vertical growth
• Include 2,4‐D with glyphosate but observe 

preplant interval
• Use effective residual herbicides to provide 

season long control



Resistance, In conclusion
• Herbicide Resistance is a major problem in many 

surrounding states, and it continues to be a major 
concern in WI

• We must consider all Integrated Weed 
Management options in our crops, especially if you 
notice certain weeds are becoming more difficult 
to control



Resistance, In conclusion
• Know your target weed problems
• Plan to rotate herbicide Mode of Actions
• Start with clean fields
• Use residual herbicides
• Consider in‐crop tillage
The WI advantage:
• For annual weeds populations that become 

extremely challenging to control, consider rotating 
to a perennial forage crop alfalfa



Partially funded by:

Value of Residual Herbicide in
Reduced Soybean Stands

Vince M. Davis
Annual Cropping Systems 

Weed Science Extension Specialist
Department of Agronomy

University of Wisconsin-Madison
vmdavis@wisc.edu  

(608) 262-1392



http://www.plantmanagementnetwork.org/edcenter/seminars/soybean
/residualherbicide/



Background
• Soybean seed costs have dramatically 
increased since the mid 1990’s

• Soybean growers in the Midwest are reducing 
seeding rates; current recommendations are 
to establish a stand of 100,000 plants per acre

• Glyphosate‐Resistant weeds are a major 
concern for the sustainability of soybean 
production

• Rotating herbicide mode‐of‐actions, mainly 
through preemergence residual products, is 
often the first recommendation to avoid 
herbicide resistance 

• Crop canopy closure aids in weed suppression, 
earlier canopy development is better

Davis, V.M.



y = 0.5054x + 40.724

0

10

20

30

40

50

60

0

10

20

30

40

50

60

So
yb
ea
n 
se
ed

 c
os
t (
$/
ac
re
)

So
yb
ea
n 
yi
el
d 
(b
u/
ac
re
)

Soybean yield (bu/acre)
Soybean Seed cost ($/acre)

Soybean yield data: http://www.nass.usda.gov/ Seed Cost data: http://www.farmdoc.illinois.edu/



y = ‐0.0002x2 + 0.0806x + 49.513
R² = 0.0145
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o Site Description
 2012 Data only
 Field Preparation

• Fall ‐ chisel plowed
• Spring – field cultivated

 Planted on May 21
 15” rows

 Predominant Weeds
• giant foxtail
• Redroot pigweed
• common lambsquarters
• common ragweed

What is the value of residual herbicides 
in low seeding rate soybean systems?
Current M.S. graduate project, Mr. Ryan DeWerff

o Experimental Design
 2 x 2 x 5 factorial in RCB

• [2] With or without PRE 
residual 

• [2] POST herbicide 
programs applied at V4

‒ glyphosate 
‒ conventional

• [5] Soybean seeding rates
– high
– moderate
– high blend
– moderate blend
– low



Seeding Rate by Residual herbicide use

Herbicide Treatments
PRE residual S‐metolachlor+

fomesafen
Conventional 
program

imazamox fb

fluazifopb

Glyphosate program glyphosate+
imazamox

Seeding Rate Structure
Seeds / acre

High 190,000 GRa

Moderate 120,000 GRa

High blend 120,000 GRa

70,000 Cb

Moderate 
blend

95,000 GRa

35,000 Cb

Low 60,000 GRa
aglyphosate‐resistant seed
bconventional seed



Canopy at 4 WAP (weeks after planting)

60,000  120,000  190,000
seeds/
acre

Without PRE herbicide (bottom)

With PRE herbicide (top)



Canopy at 4 WAP (weeks after planting)

60,000  120,000  190,000
seeds/
acre

Without PRE herbicide (bottom)

23%

42% 51% 60%

35%24%
With PRE herbicide (top)



Canopy at 8 WAP; 3 week after POST

60,000  120,000  190,000
seeds/
acre

Without PRE herbicide (bottom)

With PRE herbicide (top)



Canopy at 8 WAP; 3 week after POST

60,000  120,000  190,000
seeds/
acre

89%

54% 81% 90%

95%92%
With PRE herbicide (top)

Without PRE herbicide (bottom)



Yield for Seeding Rate by Residual 
herbicide use (POST Gly + Conv pooled)

56.4 57.8 63.1

34.1
49.5 55.7
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In Conclusion
• Continue to target an establishment soybean population of 

100,000 plants per acre, but monitor State Soybean 
Extension Specialist recommendations and monitor the 
Economics that may drive that target even lower

• Scout fields and create records of the most problematic 
weed species on a field‐by‐field basis to plan for appropriate 
herbicide programs with using multiple Modes of Action for 
the weeds of most concern

• Start with a weed‐free field and use a residual herbicide to 
limit early‐season weed competition, This will:
– Maximize canopy development
– Limit the number of weeds exposed to POST herbicides
– Limit the size of weeds that are exposed to POST herbicides

• Routinely scout in‐crop and make timely POST applications



 Know Your Weeds

 Know Weed Growth

 Know Weed Seed 
Characteristics

 Know Herbicide 
Resistance

 Crop Rotation

 Multiple Herbicide 
Modes of Action

 Mechanical Practices

 Know Herbicide 
Tolerant Traits

 Herbicide Mode 
of Action and Properties

 Drift Management

 Know Environmental 
Conditions

 Know Your Neighbors

 Risk Management

 Cost-Benefit 
of Practices

 Know the Cost of 
Poor Weed Control

WEED OUT 
RESISTANCE

IN THE 
FIELD

SPRAY
ATTENTION

THE 
BOTTOM LINE



Courtesy of Ryan DeWerff

0

2

4

6

8

10

12

1990 1992 1994 1996 1998 2000 2002 2004 2006

N
um

be
r u

se
d 

/ y
ea

r
Active Ingredients Sites of Action
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Change in Herbicide Diversity Over Time



Herbicide Resistant Weed Management 
Training videos

1. Highlights from this year’s Agronomy Field Day- Use of 
Residual Herbicides at Low Soybean Seeding Rates 
(Project will be completed in Winter 2014)

2. Herbicide Resistant Weed Management Training Module 
(Project will be completed in Winter 2014)

12/2/2013 University of Wisconsin–Madison 73
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National Threat of Glyphosate‐
Resistant Pigweeds:

Dr. Vince Davis, Dr. Elizabeth Bosak, Tommy Butts, Daniel Smith

UW efforts to research and extend 
relevant information in Wisconsin



Project Summary

12/2/2013 University of Wisconsin–Madison 77

• National study conducted at 9 separate universities

• Sponsored by the United Soybean Board

• Aims to provide information on the biology, seed 
dynamics, and traditional vs. non-traditional methods 
for controlling pigweed species in soybean production 
systems



12/2/2013 University of Wisconsin–Madison 78

Pigweed Seedlings

Images courtesy of 
UW-Madison Weed 
Science Department



Pigweed Species

12/2/2013 University of Wisconsin–Madison 79

Palmer Amaranth
Rebekah D. Wallace, University 
of Georgia, Bugwood.org

Redroot Pigweed
Mary Ellen (Mel) Harte, 
Bugwood.org

Waterhemp
Bruce Ackley, The Ohio State 
University, Bugwood.org

Powell Amaranth
Bruce Ackley, The Ohio State 
University, Bugwood.org



Tillage Effects on Pigweed Emergence

• Small-scale study evaluating pigweed emergence in three 
tillage systems: no-till, pre-plant tillage, and pre-plant tillage 
with interrow cultivation (Spring 2013)

• Larger-scale study with 4 tillage regimes (Fall 2013)
• Fall moldboard plow, Spring field cultivator

• Fall chisel plow, Spring field cultivator

• Vertical tillage

• No-till

12/2/2013 University of Wisconsin–Madison 80



Tillage Effects on Pigweed Emergence

12/2/2013 University of Wisconsin–Madison 81



Pigweed Seed Persistence
• Study will be initiated this fall and continue for the next 3 
years

• Two pigweed species at two different soil depths

• Each year, four replicates will be removed and seed 
germination will be assessed

12/2/2013 University of Wisconsin–Madison 82



Pigweed Seed Retention 
at Soybean Harvest

12/2/2013 University of Wisconsin–Madison 83

Goal:  To determine the percentage of pigweed seed retained by the 
plant at soybean maturity to assess the effect on soil seedbank 
management.

Materials & Methods:
• 5 fields were sampled and 5 mature 

pigweed plants were harvested from 
each field (25 total plants)

• Seed will be threshed, and weighed to 
determine total seed production per 
plant

• Germination tests will be conducted to 
assess the viability of new seeds in 
the soil seedbank



Soybean Row Width and Seeding Rate 
Effect on Pigweed Development

12/2/2013 University of Wisconsin–Madison 84

Goal: To evaluate the impact of soybean seeding rate and row width on 
pigweed development and control in a Liberty Link soybean system.

Materials & Methods:
• Row Width:  15” and 30”
• Seeding Rate:  70,000; 130,000; and 190,000 seeds per acre
• Herbicide Programs: PRE + POST vs. POST
• Weed counts and heights were taken twice during the growing season
• At soybean harvest, pigweed dry biomass and total seed production were 

measured
• Soybean canopy closure was measured using digital imagery and yield 

was recorded at harvest
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15”, 190,000 seeds/acre, PRE+POST 15”, 190,000 seeds/acre,  POST only

30”, 70,000 seeds/acre, PRE+POST 30”, 70,000 seeds/acre, POST only



Managing Pigweeds Utilizing New 
Herbicide Technologies

12/2/2013 University of Wisconsin–Madison 86

Goal:  To develop strategies for managing pigweed species 
assuming resistance to various combinations of multiple herbicide 
modes of action.

Materials & Methods:
• Weed control ratings were taken to determine the residual control of 

herbicides such as 2,4-D and dicamba
• Weed counts and heights were recorded  21 d after the early POST 

and 21 d after the late POST applications to assess the whole 
herbicide program’s effectiveness



Cover Crops Influence on Pigweed 
Populations

12/2/2013 University of Wisconsin–Madison 87

Goal: To establish the value of cover crops for 
suppressing pigweed populations.

Materials & Methods:
• Oats, cereal rye, and an untreated control 

were established this fall
• Stand counts, heights, and biomass were 

collected to characterize the cover crop
• Next season, emerged pigweed species will 

be counted to assess cover crop suppression 
of weed populations



Effects of Herbicide Carryover on Cover 
Crop Establishment

12/2/2013 University of Wisconsin–Madison 88

Goal: To assess the impact of herbicide 
carryover on cover crop establishment.

Materials & Methods:
• Herbicide treatments were applied this spring 

to determine potential for decreased cover 
crop stands due to carryover

• 3 annual rye varieties, cereal rye, tillage 
radish, and oats/field peas were seeded this 
fall and evaluated for stand vigor

• Next spring, the cover crops will be rated 
based on their weed suppression abilities



Vince M. Davis
Weed Science Extension Specialist

Department of Agronomy
University of Wisconsin-Madison

(608) 262-1392
vmdavis@wisc.edu
Twitter: @vmdavis

Please visit:
www.wcws.cals.wisc.edu

THANK YOU!
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Questions?


