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treatment of waterhemp that is resistant to 2,4-D?
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Investigating Potential Waterhemp Resistance in a 
Soybean Field in Frankford, Missouri after Previous  

Failed Applications of Liberty and Enlist One

© Dr. Kevin Bradley, Univ. of Missouri

Waterhemp Control

Treatments Rate/Acre
1 Week after 
Application

3 Weeks after 
Application

-------------------- % -------------------
Liberty 43 fl ozs 60 b 90 b
Liberty 86 fl ozs 94 a 98 a
Liberty 172 fl ozs 95 a 100 a

Enlist One 64 fl ozs 35 c 44 d
Enlist One 128 fl ozs 53 b 52 c

*Means within a column followed by the same letter are not different, LSD=0.05



Herbicide-resistant Waterhemp in the U.S. 
(recent trends)
• Herbicide-resistant waterhemp is being documented 

further north and east in the U.S.

• ↑ incidences of 2,4-D resistance in many locations

• ↑ Group 15 resistance in IL                                                          

• Dicamba resistance in IL, IA

• No “official” glufosinate                                                      
resistance yet but several                                            
states investigating populations

• Metabolic resistance is the predominant             
mechanism in these “newest” type of resistances



Pre-emergence Applications of Group 14, PPO-inhibiting Herbicides 

Wuerffel et al. 2015; Faleco et al. 2025

• Leads us closer and closer to resistance to PPO inhibitors applied PRE.
• Increases the likelihood that the first waterhemp to emerge will be PPO-res. 
• Means tank-mixes w/ group 14s are that much more important



What’s on the horizon 
for waterhemp?



Future Herbicide and Trait Options?
Active Ingredient: diflufenican

Company: Bayer

MOA: Group 12 herbicide, inhibits 
phytoene desaturase (PDS), a key enzyme 
in the carotenoid biosynthesis pathway. A 
“bleaching” herbicide. Sonar and Zorial 
also in this group.

Expected Release: 2026

Other: Has been registered in Europe  
since the 1990s. Would represent a new 
MOA not currently used in corn or 
soybean.



Future Herbicide and Trait Options?
Active Ingredient: Icafolin-methyl

Company: Bayer

MOA: Group 23 herbicide, “Inhibitors of 
Microtubule Organization”. Inhibits a 
process essential for cell division in plants. 
Similar MOA to dinitroaniline (group 3) 
herbicides.

Activity: Non-selective herbicide with post-
emergence activity on a variety of grass 
and broadleaf weeds

Expected Release: late 2020s / early 2030s? 



Future Herbicide and Trait Options?
Active Ingredient: Rimisoxafen

Company: FMC

MOA: 
–Group 12 (like Convintro, Sonar, 

Zorial), a bleaching herbicide 
–and also a Group 32 herbicide 

Activity: grass and broadleaf weeds

Expected Release: late 2020s/early 2030s? 



Future Herbicide and Trait Options?
Quite a bit of activity in the discovery of new Group 14, PPO-inhibiting 
herbicides that control PPO-resistant pigweeds with known mutations. 

Epyrifenacil, *Rapidicil (Valent), Trifludimoxazin, *Voraxor (BASF), others from Bayer, etc.

                                                         * = pending registration
Sada et al. 2024 Pest Manag. Sci; Barker et al. 2023 Weed Sci 



Future Herbicide and Trait Options?

Company: Syngenta/M.S. Technologies

Herbicide Resistance Stacks: 
Glyphosate, glufosinate, 2,4-D choline 
and certain HPPD-inhibiting group 27 
herbicides (mesotrione, bicyclopyrone, 
isoxaflutole).
 
Expected Release: 2029 



Future Herbicide and Trait Options?

Company: Bayer

Trait/Name: HT4 / Vyconic

Herbicide Resistances: Glyphosate, 
glufosinate, dicamba, 2,4-D, and 
mesotrione.
 
Expected Release: 2027 



Future Herbicide and Trait Options?

Quite a bit of activity in bringing forward new PPO-resistant traits. 



That’s what you wanted 
to hear. Now what I 
want you to listen to.

Future Herbicide and Trait Options?



Our History 
(in my opinion)

spray 
herbicide X 

over and  
over

get 
resistance to 
herbicide X

greatest new 
solution 

herbicide Y 
comes out

get resistance 
to herbicide Y 
(already have 
resistance to 
herbicide X)

greatest new 
solution herbicide Z 
comes out (already 
have resistance to 
herbicide X and Y)

continue to 
expect new 

herbicides to 
solve a 

herbicide-
resistant weed 

problem!

1.

2.

3.4.

5.

6.



Where are we    
headed?





Reasons I think we are headed for a 
future with reduced dependence on 
herbicides: 

1. Technology 
2. Regulations
3. Metabolic Resistance
4. Public Perception
5. Economics



Future:
Targeted (and autonomous) Weed Removal



Where are we now…with “technology” and weed management?
Smart sprayers.
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Where are we now…with “technology” and weed management?
Drone/satellite mapping.  Then spraying.



The method of weed removal doesn’t 
necessarily have to involve herbicides



Farmers aren’t afraid of technology. But...



…U.S. Agriculture isn’t convinced it needs 
“technologies” other than herbicides for weed 
management

ERS-USDA data (1994-2008) and NASS data (2008-2023)
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Are “future technologies” like robotics really 
more expensive than what we’re doing now?

$30.76

$51.80
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*Costs adjusted for inflation; graph adapted from Singh and Jhala (2025)

Greenfield Robotics



In the meantime, let’s not forget about integrated weed 
management practices that involve things other than just 
herbicides.



Planting Green???
•Study conducted across 19 site-years in 11 states in 2021 and 2022
•Terminating cereal rye 2 weeks before planting resulted in a 16% 

reduction in pigweed density compared with no-till.
•Delaying cereal rye termination and planting green provided a 44% 

reduction in pigweed density compared with no-till.
Nunes et al. 2024. Weed Science 72:615-629

Integrated Weed Management: Cover Crops
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*Results summarized across herbicide programs, tillage types, and planting populations.
**Means followed by the same letter are not different, P≤0.05

Schultz, J. and K.W. Bradley, 2015. Weed Technol. 29:169-176.

30” rows

15” rows

49% less seed produced

Integrated Weed Management: Row Spacing



*Results summarized across 10 site-years in AR, IL, MO, OH, and TN.
**Means followed by the same letter are not different, P≤0.05

Farmer, JA, KW Bradley, et al. (2017) Weed Technology 31:10-20

0

10

20

30

40

50

60

70

No-Tillage Minimum Conventional Deep

N
um

be
r o

f P
ig

w
ee

d 
sp

ec
ie

s 
/ m

-2

Tillage System

c

b
ab

a

Integrated Weed Management: Tillage



Integrated Weed Management: Inter-row Cultivation



Integrated Weed Management: Harvest Weed Seed Control

Winans, T, R Massey, H Schreier, M Bish, KW Bradley (2023) Harvest weed seed control in soybean with an impact mill. Weed Technol. 37:113:122



App: ID Weeds (free download)                  Facebook: Mizzou Weed Science                       Twitter: @ShowMeWeeds

weedscience.missouri.edu

Email: bradleyke@missouri.edu
Phone: 573-882-4039
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