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The Waterhemp 
Conundrum:
How do you manage a weed 
population for which there 
might not be any viable
postemergence herbicide 
options for its control 
and 
reduced residual control 
from many soil-applied 
herbicides? 
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Herbicide Resistance in Waterhemp
Several biological characteristics 
of waterhemp help facilitate selection 
of herbicide resistant biotypes
⁃dioecious species, so cross pollination 

must occur to make seed

⁃ female plants capable of producing 
large amounts of seed
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Herbicide Resistance in Waterhemp
Resistance in Illinois waterhemp 
has been documented to herbicides 
from seven site-of-action (SOA) classes

• ALS inhibitors

• triazines

• PPO inhibitors

• glyphosate

• HPPD inhibitors

• auxinic herbicides 
(2,4-D and dicamba)

• VLCFA inhibitors 
(Group 15)
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VLCFA-inhibitors
• Group 15 Herbicides

Discovered in the 1950s

• Preemergence (PRE) activity

• Target VLCFA elongases
⁃ Plants starve for very long chain fatty acids (VLCFAs)
⁃ Essential for the formation of cuticle waxes 

and cellular membranes

• Sensitive plants either fail to emerge or remain in an 
arrested state of growth after emergence
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Old Chemistries Today
Important for PRE control of 
annual monocots and small-seeded dicots
Waterhemp and Palmer amaranth

Residual components in many herbicide premixes
Especially in soybean production

Important components of 
layered residual herbicide programs in soybean
Extend soil-residual control after POST application

Resistance is rare
~13 species worldwide, only three dicot species (two species of Amaranthus)

Fuerst 1987
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Callisto   
12 fl oz/A

14 DAT
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Responses of an HPPD Inhibitor-Resistant Waterhemp 
(Amaranthus tuberculatus) Population to Soil-Residual 
Herbicides (Hausman et al. 2013)
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Background
• Less than expected PRE control of the first HPPD-resistant 

population from Mclean Co., Illinois (MCR) with S-metolachlor

• Similar observations on another HPPD-resistant population 
from Champaign Co., IL (CHR)

• Very few Group 15 products provide acceptable 
PRE control of CHR

• Previous greenhouse experiments revealed a large difference 
between progeny of CHR and a known sensitive in response to 
acetochlor and S-metolachlor
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Field Results 28 DAT 2020 
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Greenhouse Dose-Response 
Materials and Methods
• 15 seeds planted per container
⁃ 1801 cell pack inserts (8 x 8 cm)
⁃ 1:1:1 sand, soil, peat with 3.5% OM and pH of 6.4

• Applied herbicides (PRE)

• Treated pots covered with untreated soil
⁃ Busi and Powles (2016) Pest Management Science

• Placed in overhead mister
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Herbicides
Dual II Magnum
0.125 fl oz – 1 gallon

Harness
0.04 fl oz – 2.6 pts

Outlook
0.07 fl oz – 66 fl oz

Zidua SC
0.02 fl oz – 21 fl oz

• Rates set on log3.16 scale

• Survival and biomass recorded 21 DAT

• Analyzed in the drc package in R
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Results 21 DAT: Dual II Magnum

CHR-M6

    MCR-NH40 

       WUS 

           ACR

0 8.4 27 84 270 840 2,700 8,400 g ha-1

Not Treated
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Results 21 DAT: Dual II Magnum

Population LD50 R:S GR50 R:S
CHR-M6 1,808 18 431 7.5

34 9.9
MCR-NH40 3,360 33 742 13

64 17
WUS 101 57
ACR 53 44
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Results 21 DAT: Harness

CHR-M6

   MCR-NH40 

      WUS 

         ACR

0 2.5 8 25 80 250 800 2,500 g ha-1

Not Treated
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Results 21 DAT: Harness
Population *LD50 R:S *GR50 R:S

CHR-M6 178
4.5

72
6.1

14 13

MCR-NH40 226
5.7

80
6.7

18 15
WUS 40 12
ACR 13 5

*Expressed as g ha-1
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Results 21 DAT: Outlook

CHR-M6

MCR-NH40 

WUS 

ACR

0 3.5 11 35 110 350 1,100 g ha-1

Not Treated
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Results 21 DAT: Zidua SC

0 0.8 2.4 7.8 24 78 240 g ha-1

Not Treated

CHR-M6

  MCR-NH40 

     WUS 

      ACR
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Herbicide

Resistant populations
(CHR-M6 & MCR-NH40)

Sensitive populations
(ACR & WUS)

R/S ratioLD50 (g ai ha-1)

S-metolachlor 1,808–3,360 53 – 101 18 – 64

Dimethenamid 729–1,463 26 – 35 21 – 56

Pyroxasulfone 65–153 9 – 10 7 – 17

Acetochlor 178–226 13 – 40 5 – 18

Resistance ratios for two Illinois waterhemp populations resistant to 
Group 15 herbicides.  LD50 values represent the rates required to reduce 
waterhemp emergence/survival by 50 percent.
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Summary
•CHR and SIR are resistant to S-metolachlor 

due to enhanced metabolism relative to 
sensitive populations

•Resistant waterhemp metabolizes S-metolachlor 
as rapidly as corn

•Resistant waterhemp possess increased 
GST-activity in comparison to sensitive waterhemp, 
but much less than corn
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Summary
•Metabolomics revealed that resistant waterhemp 

have metabolite profiles that differ from 
sensitive waterhemp

•Results indicate more intricate, 
coordinated pathway(s) for S-metolachlor 
metabolism in resistant waterhemp than in 
sensitive waterhemp or corn
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Implications of Resistance
• Two Illinois waterhemp populations 

are resistant to VLCFA-inhibiting 
herbicides

• VLCFA-inhibitor efficacy and residual 
activity can be drastically reduced

• Grower may need to implement earlier 
postemergence applications 

• Overlapping residual herbicide applications



cropCENTRAL

Implications of Resistance
• Apply multiple effective SOAs each season

• Integrated management practices 
with nonchemical control methods

• Distribution of Group 15-resistance 
is poorly understood

• Not all herbicide failures are due to resistance
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How far has 
Herbicide-Resistant 
Waterhemp spread?
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Training video
go.illinois.edu/waterhempsurvey



cropCENTRAL

Sample submission form
go.illinois.edu/fd-waterhemp
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For the webinar archives and 5-minute farmdoc
Subscribe to our channel YouTube.com/@farmdoc

. I l l inois .edu

Visit us at 

Thank You for joining us!
Please submit your questions



Thank you for your assistance
in our research!
go.illinois.edu/fd-waterhemp
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