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Tentative Outline (Let’s have a conversation…) 

• Waterhemp (& giant ragweed) management in Wisconsin soybean (& corn)

• Cover crops: planting soybean green for Integrated Weed Management (IWM) 
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https://www.climate.gov/news-features/featured-images/new-maps-annual-average-temperature-and-precipitation-us-climate

Annual Precipitation & GDD Accumulation

https://www.climate.gov/news-features/featured-images/new-maps-annual-average-temperature-and-precipitation-us-climate
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Herbicide resistance:
• Giant ragweed: groups 2, 9, 14, & 27
• Waterhemp: groups 2, 4, 5, 9, 14, & 27

Giant ragweed (2018-2019)

Waterhemp (2019)

Striegel et al. 2021; Faleco et al. 2022

Most Troublesome Weed Species in Wisconsin Corn-Soybean Production
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https://www.educational-business-articles.com/change-curve/

Untreated Control Pursuit (4 fl oz)

Arlington, WI →
(no waterhemp)

Lancaster, WI →
(yes waterhemp)

Wisconsin, 2018: Waterhemp?!  
WE GOT NO 

WATERHEMP!

https://www.educational-business-articles.com/change-curve/


Arneson, Smith et al (2020)

Wisconsin Combine Clinic Workshop – Weed Seed Movement



MS Research: Felipe Faleco, UW-Madison WiscWeeds Program
Faleco et al (2022)

Wisconsin Waterhemp Herbicide Resistance Screenings
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Herbicide Product Rate (fl oz/ac) SOA Group

Mesotrione Callisto 3.0 27

Imazethapyr Pursuit 4.0 2

Glyphosate Roundup PM 22 9

Glufosinate Liberty 32 10

Fomesafen Flextar 16 14

Dicamba XtendiMax 22 4

Atrazine Aatrex 4L 32 5

2,4-D Enlist One 24* 4

*use Enlist One at 32 fl oz/ac

88 waterhemp accessions from 27 Wisconsin counties 
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POST Foliar Control – Waterhemp & Giant Ragweed – 14 Days After Treatment  

Figures by Dr. Ahmad Mobli; Werle, Mobli, et al (In Press)

2019 & 2020, Brooklyn, WI 2020 & 2021, Janesville, WI

Waterhemp Giant Ragweed 



Waterhemp Resistance to 2,4-D (Enlist One) POST

Pursuit (imazethapyr; 2)
1X = 4 fl oz ac-1

CHECK      1X          3X CHECK      1X       3X CHECK      1X       3X

CHECK       1X         3X

Enlist One (2,4-D; 4)
1X = 1.5 pts ac-1

Enlist One (2,4-D; 4) 1X = 2 pts ac-1

What is going on? 
• 2,4-D resistance?
• Environmental conditions? 
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ED50 A82 = 104.6 (±21.3) b
ED50 A101 = 297.6 (±61.1) a

Enlist One (2,4-D choline) Dose Response:
• A82: known susceptible; WI 
• A101: suspected resistant; Brooklyn WI

Research by Felipe Faleco, PhD Student, UW-Madison WiscWeeds Program
Waterhemp plants were 3-4” in height at application time

Data collected 21 days after treatment

1x rate: 2 pts Enlist One acre-1

Waterhemp Resistance to 2,4-D (Enlist One) POST



Research by Felipe Faleco, PhD Student, UW-Madison WiscWeeds Program
Waterhemp plants were 3-4” in height at application time

Pictures taken ~14 days after treatment

Pursuit (imazethapyr; 2)
1X = 4 fl oz ac-1

CHECK      1X          3X CHECK      1X       3X CHECK      1X       3X

CHECK       1X         3X

Enlist One (2,4-D; 4)
1X = 1.5 pts ac-1

Enlist One (2,4-D; 4) 1X = 2 pts ac-1

Enlist One (2,4-D; 4) 2X = 4 pts ac-1

Enlist One (2,4-D; 4) 16X = 32 pts ac-1

Enlist One (2,4-D; 4) 1X = 2 pts ac-1

What is going on? 
• This population was not 

previously exposed to 2,4-D
• Metabolic resistance

Waterhemp Resistance to 2,4-D (Enlist One) POST
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https://fruit.wisc.edu/2022/09/07/is-metabolic-herbicide-resistance-the-straw-that-will-break-weed-managements-back/

Good Read on Metabolic Herbicide Resistance: 

https://fruit.wisc.edu/2022/09/07/is-metabolic-herbicide-resistance-the-straw-that-will-break-weed-managements-back/


Research by Felipe Faleco, PhD Student, UW-Madison WiscWeeds Program
Waterhemp plants were 3-4” in height at application time

Pictures taken ~14 days after treatment

Pursuit (imazethapyr; 2)
1X = 4 fl oz ac-1

CHECK      1X          3X CHECK      1X       3X CHECK      1X       3X

CHECK       1X         3X

Enlist One (2,4-D; 4)
1X = 1.5 pts ac-1

Enlist One (2,4-D; 4) 1X = 2 pts ac-1

What is going on? 
• 2,4-D Resistance?
• Environmental conditions? 

Elevated Temperature – Waterhemp Response to 2,4-D (Enlist One)
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A82 susceptible accession (non-treated control plants [NTC]; 21 days after treatment [DAT]):

Ambient Elevated

• Elevated = 90 F (day)/66 F (night) 
• Ambient = 81 F (day)/57 F (night)*

*(Avg. June temp in Dane County)

Elevated Temperature – Waterhemp Response to 2,4-D (Enlist One)

Research by Felipe Faleco, PhD Student, UW-Madison WiscWeeds Program
Waterhemp plants were 3-4” in height at application time

Data collected 21 days after treatment



MS Research: Nikola Arsenijevic, UW-Madison WiscWeeds Program
Arsenijevic et al (2022)

Planted: 05/22/20
140K seeds/acre

Picture: 07/02/20 (41 DAP)
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How Can We Help Our POST-Herbicides? Integrated Weed Management! 

30-inch row spacing 15-inch row spacing



MS Research and Images: Nikola Arsenijevic, UW-Madison WiscWeeds Program
Arsenijevic et al (2022)

Agronomic Practices - Integrated Weed Management
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Harvested: August 20

15” soy

30” soy

30” corn



Start Clean and Stay Clean! 
Effective PRE-Emergence Herbicide Program

BENEFITS:

• Not dependent on HT trait 

• Protects crop from early-season 
yield loss due to weed 
competition

• Buys time for a POST application

• Reduces weed density for POST 
control

• “Simpler” to spray

CONCERNS: 

• Activation

• Crop response

How Can We Help Our POST-Herbicides? Integrated Weed Management! 
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How Many Sites of Action? PRE Residual Control 21 Days After Treatment 

Waterhemp (4 sites-years) Giant Ragweed (3 sites-years)

Figures by Dr. Vieira
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Sites of Action Combination - PRE Residual Control 21 Days After Treatment 

Waterhemp (4 sites-years) Giant Ragweed (3 sites-years)

Figures by Dr. Vieira



Active Ingredient Comparison - PRE Residual Control 21 Days After Treatment 

Waterhemp (4 sites-years) Giant Ragweed (3 sites-years)

Figures by Dr. Vieira
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Waterhemp Resistance to PRE-emergence Herbicides – Groups 14 & 15

PPO PRE 
Resistant

Susceptible

0x 0.125x 0.25x 0.5x 1x 2x 4x 8x

PPO PRE 
Resistant

Susceptible 

1x rate: 
Flexstar 16 fl oz/acre

1x rate: 
Spartan 8 fl oz/acre

Research by Felipe Faleco, PhD Student, UW-Madison WiscWeeds Program
Pictures taken 28 days after treatment

Waterhemp Resistance to 
Group 15 – LCFA (Dr. Hager)

Group 14 - PPO

Why is this important? 
• Reduced length of soil 

residual weed control

https://farmdoc.illinois.edu/field-crop-production/weeds/waterhemp-
resistance-to-group-15-herbicides.html

https://farmdoc.illinois.edu/field-crop-production/weeds/waterhemp-resistance-to-group-15-herbicides.html
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How Can We Help Our PREs? Planting Green for Waterhemp Suppression

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program
Pictures taken 42 days after study establishment; Brooklyn, WI



Department of Agronomy, 

University of Wisconsin-Madison

Planting soybean green: agronomic 

and weed management benefits 

and challenges

Jose Nunes*, Arneson N, Johnson 

B, Young B, Ikley J, Wallace J, Gage 

K, Jha P, Lancaster S, Legleiter T, 

Kumar K, and Werle R.
*Graduate student, University of 

Wisconsin-Madison

5 Mg ha-1 = 4,460 Lbs ac-1



Results | 

Nichols et al. (2020)

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program

5 Mg ha-1 = 4,460 Lbs ac-1

PRE = Fierce EZ @ 6 fl oz/acre



Results | 

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program

5 Mg ha-1 = 4,460 Lbs ac-1



Impact of Cereal Rye Biomass on Soybean Yield (2021)

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program



29

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program

Impact of Cereal Rye Biomass on Soybean Yield (2021)

5 Mg ha-1 = 4,460 Lbs ac-1



Wisconsin Pennsylvania

Impact of Cereal Rye Biomass on Soybean Population (2021)

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program

5 Mg ha-1 = 4,460 Lbs ac-1



30-year average (1990-2020) source: DAYMET

PennsylvaniaWisconsin

Precipitation (mm) During the Growing Season (2021)

315 mm deficit

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program
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Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program

Impact of Cereal Rye Biomass on Soybean Population and Yield (Wisconsin)

5 Mg ha-1 = 4,460 Lbs ac-1
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2021 USB Planting Green Study:
• Cereal rye planting: 09/16/2020 

✓ 60 lbs/acre; ND Gardner 
• 05/10/2021: early rye term ahead of early soy
• 05/19/2021: early soybean planting green
• 05/19/2021: early rye term ahead of late soy
• 06/01/2021: late soybean planting green

2022 USB Planting Green Study:
• Cereal rye planting: 09/15/2021

✓ 60 lbs/acre; ND Gardner 
• 05/23/2022: early rye term ahead of early soy
• 06/03/2022: early soybean planting green
• 06/03/2022: early rye term ahead of late soy
• 06/16-17/2022: late soybean planting green

What About Dr. Ikley’s Data (Fargo, ND)?  

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program
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2021 USB Planting Green Study:
• Cereal rye planting: 09/16/2020 

✓ 60 lbs/acre; ND Gardner 
• 05/10/2021: early rye term ahead of early soy
• 05/19/2021: early soybean planting green
• 05/19/2021: early rye term ahead of late soy
• 06/01/2021: late soybean planting green

2022 USB Planting Green Study:
• Cereal rye planting: 09/15/2021

✓ 60 lbs/acre; ND Gardner 
• 05/23/2022: early rye term ahead of early soy
• 06/03/2022: early soybean planting green
• 06/03/2022: early rye term ahead of late soy
• 06/16-17/2022: late soybean planting green

Research by Jose Junior Nunes, PhD Student, UW-Madison WiscWeeds Program

What About Dr. Ikley’s Data (Fargo, ND)?  



• Planting green optimized cereal rye 
biomass accumulation and reduced 
waterhemp density 

• PRE-emergence herbicides played an 
important role in waterhemp control

• Soybean yield was not solely affected by 
cereal rye biomass accumulation  

• To minimize risk and optimize benefits: 
site-specific and adaptative 
management approach 
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Spring

Fall

Preliminary Conclusions from USB Planting Green Study
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Rodrigo Werle
Email: rwerle@wisc.edu
Twitter: @WiscWeeds
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Thanks!

25th Wild World of Weeds Workshop – Fargo, ND 
January 17, 2023


