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Herbicide Resistance Issues
Driving some of the field corn market new products
• Influencing product coming online for sweet corn

Part of resistance managment is to diversify modes 
of action (MOA) used
• Identifies how a herbicide kills a weed
• Weed Science Society of America (WSSA) website

http://wssa.net

http://wssa.net


Resources from
WSSA

(Weed Science 
Society of 
America)

http://wssa.net/







WSSA Herbicide Resistance Management Lesson 1 © 2011 WSSA All Rights ReservedWSSA Herbicide Resistance Management Lesson 1 © 2011 WSSA All Rights Reserved

Classification Hierarchy

Herbicide Name

Herbicide Family

Mechanism of Action

Mode of Action Lipid Synthesis 
Inhibitors

Group 1
ACCase Inhibitors

“Dims”

Sethoxydim
“Segment” etc.

“Fops"

Fluazifop-P-butyl 
“Fusilade” etc.

“Dens”

Pinoxaden
“Axial” etc.

Example

One 
MOA

6



Herbicide Resistance Issues

Herbicde Resistance Action Committee (hrac) 
website

• Best all in one spot reference of herbicide MOA
• Can enlarge view, very inclusive
• Numbering/lettering system to identifty MOA
• MOA numbers are on labels now

http://www.hracglobal.com

http://www.hracglobal.com


Herbicide Mode Of Action

http://www.hracglobal.com
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New Sweet Corn Herbicides

Mesotrione showing up in a lot of new 
package mixtures
•Various companies
•In part for resistance management for 
things like waterhemp

• FMC Solstice
• DuPont Revulin
• Syngenta Acuron, SYN-A205 



New Sweet Corn Herbicides
FMC
Anthem 2.15 SEM = 2.15 lb ai

• 2.087 pyroxasulfone (Zidua Grp 15)
• 0.063 fluthiacet-methyl (Cadet Grp 14)  

Anthem ATZ 4.5 SEM = 4.505 lb ai
• 0.485 pyroxasulfone 
• 0.014 fluthiacet-methyl 
• 4.006 atrazine (Grp 5)

Solstice 4 FL (F9387) = 4.0 lb ai 
• 0.216 fluthiacet-methyl 
• 3.784 mesotrione (Grp 27)

SEM – soluble emulsion



New Sweet Corn Herbicides
Anthem and Anthem ATZ 
2013 labeled PRE and POST (up to V4 corn)
•PRE many grass and broadleaf weeds
•POST many broadleaf weeds
•Higher rates w/ higher soil texture, OM

• Pyroxasulfone longer residual than other K 
Group Herbicides (Grp 3, 15, 23)

•POST speckling apps. to wet foliage
•18-month replant restriction all crops except corn



New Sweet Corn Herbicides
Anthem and Anthem ATZ 
• Anthem 

• pkg. mix pyroxasulfone (Zidua) + fluthiacet (Cadet)
• 7-13 fl oz/A PRE
• 5-12 POST (Processing ONLY)
• 40 day PHI

• Anthem ATZ
• adds atrazine to the pkg. mix 
• PRE 1.75 to 4 pt/A, POST 1.5 to 3 pts/A
• 45 day PHI



Sweet Corn Herbicides
Cadet (fluthiacet)
Used alone is for processing ONLY
• POST

• 0.6-0.9 fl oz/A
• Do not exceed 1.25 fl oz/A per year

• V2 to tasseling
• Velvetleaf and several other broadleaves
• Add COC or NIS
• 40-day PHI

In Anthem, Anthem ATZ which are labeled 
for fresh market



New Sweet Corn Herbicides
Solstice 4 FL (F9387) = 4.0 lb ai

•0.216 fluthiacet-methyl 
•3.784 mesotrione (Grp 27)

POST broadleaf weeds up to V8 corn
•2.5 to 3.15 fl oz/A (0.078 to 0.098 lb ai/A)

•0.25% v/v NIS
• COC alone on sweet corn improve weed control dry conditions 

but may increase injury
• COC 1% v/v + UAN,AMS on field corn 

•Amaranth group, cocklebur, velvetleaf, ragweeds (higher 
rates), vol. potatoes
•Temporary leaf speckling or bleaching in some varieties
•10 mo. rotation to soybeans, 18 mo. other crops 



New Sweet Corn Herbicides
DuPont RevulinTM Q – 2012
• Do not add AMS/UAN for sweet corn
• Always add 0.25 % NIS

• COC only if dry  (COC     risk of injury)
• COC, AMS/UAN for field corn

• Since can not add AMS or UAN
• Weeds < 5 in. target 
• Add atrazine if allowed

• Broadcast up to 12 in. tall or <= 5 lf collars
• Drop nozzles up to 18 inches



New Sweet Corn Herbicides

DuPont RevulinTM Q –
(DPX-UKU48 dry formulation)

• 3.4 to 4 oz/A POST
• Accent (nicosulfuron Grp 2)
• Callisto (mesotrione Grp 27)
• Safener (isoxadifen-ethyl)

• NIS only for sweet corn
• COC, AMS/UAN for field corn



New Sweet Corn Herbicides
Syngenta (new PRE herbicides) 
• Acuron 3.34 SC (SYN-A197) – 2015?
•metolachlor + mesotrione + bicyclopyrone + atrazine (Grp 3, 
27, 27, 5)
• SYN-A205 – 2016?
•metolachlor + mesotrione + bicyclopyrone
•Both include benoxacor (safener)
•Bicyclopyrone lower use rate than mesotrione and    

improves large-seeded broadleaf control 
•Grasses, amaranth, lambsquarter, 

common and giant ragweed



POST in field corn, sweet corn, pop corn
• 1o broadleaf weed control
• 2o partial grass control

• Synergized by atrazine 

• Rate:  0.5 to 0.75 oz/A 
• Can go to 1 oz, prefer 0.75 to reduce carryover
• If can, TM with 0.5 lb atrazine, control Similar to 1 oz/A

• Adjuvant:  MSO or COC plus nitrogen additive
• PHI  45 days 

Impact, Armezon (topramezone)



Zidua® 0.85 WDG 
BASF    PRE or PPI
•pyroxasulfone (Zidua Grp 15/K3)
•1.0-4 oz/A
•Apply before or after planting before crop emergence, 

or at spiking up to V4 (4 leaf collars visible) 
• Will not control emerged weeds

•Seed at least 1 inch deep
•Do not exceed

• 2.75 oz/A per season on coarse soils
• 5 oz/A per season on other soils

•37-day PHI



Starane Ultra® 2.8 L
Dow Agrosciences
Starane Ultra® 2.8 L (ae), 1.5 EC phasing out
• Fluroxypyr
•0.4 fl oz/A PRE
•POST broadcast (up to V4)

• No additives used alone
• Use directed spray beyond V4

•Volunteer potato (can apply sequentials)
• preplant to emerged potato 4-8 in.
• POST suppression to emerged potato 4-8 in.

•31-day PHI



Capreno on Sweet Corn?
Bayer Capreno® POST  

Sweet corn on 4-3-09 label
Sweet corn is NOT on 5-12 label

•2.88 lbs. tembotrione (Grp 27)
•0.57 lb. thiencarbazone-methyl (Corvus) (Grp 2)



Capreno on Sweet Corn?
Bayer Capreno® POST  
Sweet corn on the old 4-3-09 Label

• 3 fl oz/A
• 1 qt. of COC per 25 gals + 1.5 qt./A UAN or 1.5 lb./A 

AMS
• After V1and before V6
• Do not use with Lorsban®, Counter®, Dyfonate®, 

Thimet®, or other OPs
• 18-month rotation restriction for other vegetable 

crops



Callisto Pkg. Mix Changes
PRE’s
45 day PHI
Lumax 3.94, 2.5 to 3 qts/A
•2.68  S-metolachlor + 1.0 atrazine + 0.268 mesotrione lb ai 
per gallon
now Lumax EZ, 2.7 to 3.25 qts/A
•EZ = 2.49  metolachlor + 0.94 atrazine + 0.249 mesotrione 
lb ai per gallon



Callisto Pkg. Mix Changes
PRE’s
Lexar 3.7, now Lexar EZ
Both 3 to 3.5 qts

• 4 qt = 1.74 S-metolachlor + 1.74 atrazine + 0.224 mesotrione lb ai 
per gallon

60 day PHI
RUP because contain atrazine



Callisto Pkg. Mix Changes
PRE’s
Camix 3.67 replaced by Zemax
Same amounts of:
3.34 S-metolachlor + 0.33 mesotrione lb ai 
per gallon
Apply 2.0 qt/A if < 3% OM

2.4 qt/A if >= 3% OM
45 day PHI 
(do not apply POST, labeled in field corn but can 
injury sweet corn)



Callisto Pkg. Mix Changes
POST 
Callisto Xtra 20 to 24 fl oz/A 
45 day PHI

• 3.2 lb atrazine + 0.5 mesotrione lb ai per gallon



New Sweet Corn Herbicides

DuPont RevulinTM Q –
(DPX-UKU48 dry formulation)

• 3.4 to 4 oz/A POST
• Accent (nicosulfuron Grp 2)
• Callisto (mesotrione Grp 27)
• Safener (isoxadifen-ethyl)

• NIS only for sweet corn
• COC, AMS/UAN for field corn



New Sweet Corn Herbicides
DuPont RevulinTM Q – 2015
• Do not add AMS/UAN for sweet corn
• Always add 0.25 % NIS

• COC only if dry  (COC     risk of injury)
• COC, AMS/UAN for field corn

• Since can not add AMS or UAN
• Weeds < 5 in. target 
• Add atrazine if allowed

• Broadcast up to 12 in. tall or <= 5 lf collars
• Drop nozzles up to 18 inches



Sweet Corn 
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Preemergence options
Annual grasses and some broadleaves: 

• Acetochlor products (Harness, Surpass, Degree, Breakfree, 
TopNotch)

• Metolachlor products (Brawl, Brawl II, Dual Magnum, Dual 
II Magnum, Charger Basic, Cinch)

• Define, Dimethenamid-P, Outlook, Micro-Tech, Prowl H2O, 
Eradicane, Zidua

Annual broadleaves and some grasses: 
• Atrazine, Princep

Annual broadleaves: 
• Callisto

Soil Applied Herbicide Options



Soil Applied Herbicide Options
PRE package mixtures 

– grasses and broadleaves
• Anthem, Anthem ATZ
• Acetochlor + atrazine (Breakfree ATZ, Breakfree   ATZ 

Lite, Degree Xtra, FullTime, Harness Xtra, Keytone)
• Metolachlor + atrazine (Bicep Lite II Magnum, 

Cinch ATZ, Charger Max ATZ)
• Bullet or Lariat (Micro-Tech + atrazine)
• Dimethenamid-P 
• G-Max Lite (Outlook + atrazine)
• Solstice
• Zemax (Camix), Lumax EX, Lexar EZ



Annual grasses
• Accent*, Accent Q*
• Poast, Poast Plus
• Option*

Annual broadleaves 
•Aim
•Atrazine*
•Basagran
•Cadet 
•Callisto
• Impact, Amerzon*

• Laudis*
• Permit, Sandea
• Starane 
• Stinger
• 2,4-D

* Activity on grasses 
and broadleaves

Postemergence Herbicide Options



POST Package Mixtures
- Grasses and broadleaves

• Anthem, Anthem ATZ
• Callisto Xtra
• Laddok (atrazine + Basagran)
• Priority (Aim + Permit / Sandea)
• Revulin Q (Accent + Callisto + Safener) 

Postemergence Herbicide Options



Postemergence Herbicide Options
Annual grasses
• Poast on Poast Tolerant lines

• Non-GMO (trait derived thru breeding selections)

Annual broadleaves and grasses
•Roundup Ready on tolerant lines
•Liberty on on tolerant lines

• Both stacked with Bt traits in some cases
• Be absolutely sure DOES have glufosinate or 

glyphosate trait before spraying 



Liberty 280 SL on Sweet Corn
Bayer supplemental label thru 2016

•EPA Reg. No. 264-829 Supplemental label 
• Expires 11/05/16, issued 11/21/2013 

•50 day PHI, 55 PHI for stover
•Apply from emergence until 24” tall or the V-7 stage

(whichever comes first)
•20 fl oz/A w/ AMS
•Two applications per growing season max

• Sequential should be at least 10 days apart
• 40 fl oz/A per growing season max

•If used in a burndown application, NO post emergence 
applications allowed



Liberty 280 SL on Sweet Corn
Bayer supplemental label good thru 2016 (cont.)

• A silicone-based antifoam agent may be added if needed 
• DO NOT

• Apply if corn shows injury from prior herbicide 
applications or environmental stress (drought, 
excessive rainfall, etc.)

• Apply through any type of irrigation system
• In nitrogen fertilizer as a carrier 



2014 Sweet Corn Herbicide Screen
• Planted May 30 2014

• 120 lb N Urea incorporated
• PRE applied June 3, 2014
• POST applied June 27, 2014 (2 to 4 inch 

weeds)
• RCB, 3 reps, 10 x 27 ft plots, 4 - 30 in. rows
• East 2 rows GSS 1477, West 2 rows Jubilee
• 23,000/A



2014 Sweet Corn Herbicide Screen
DuPont RevulinTM Q (DPX-UKU48 dry formulation)

• 3.4 and 4 oz/A rate POST
• nicosulfuron + mesotrione + safener

(isoxadifen-ethyl)
• NIS = Preference, AMS = Amsul AMS, COC used in 

the study
• Will be labeled just with NIS on sweet corn

Breakfree 6.4 EC = acetochlor underlay
Sharpen (saflufenacil) labeled on all corn 

EXCEPT sweet corn











Common purslane pressure very sporadic. Do not use to determine product efficacy. May give insight to potential activity.  



2014 Sweet Corn 
Atrazine Replacement Trial

• Planted May 29, 2014
• GG-641, 120 lb N Urea incorporated

• PRE applied May 29, 2014
• POST applied June 26, 2014

• (2 to 4 inch weeds)
• RCB, 4 reps, 10 x 27 ft plots, 4 - 30 in. rows
• POST 40 lb/A Agrotain N July 18, 2014
• 23,000/A
• (Capreno not promoted, Sharpen not labeled on sweet)













Roundup Resistance
Horseweed (marestail)
- only weed with confirmed glyphosate resistance
Spreading rapidly west from Delaware
Other possible suspects

- Common lambsquarters
- Common ragweed
- Common waterhemp

The evolution of resistance is inevitable, but:
- When?
- How rapidly it will spread?
- Economic impact and management implications?

MWFPA 2002



Roundup Resistance
Horseweed (marestail), Giant ragweed, Waterhemp
Other possible suspects

- Common lambsquarters (tolerance)
- Common ragweed

The evolution of resistance is inevitable, but:
- When?
- How rapidly it will spread?
- Economic impact and management implications?

MWFPA 2015



GMO Era in Sweet Corn 
Weed Management?

Roundup resistant processing crops

Have we missed the boat?





http://www.extension.iastate.edu/CropNews/2013/0820hartzlerpope.htm http://southeastfarmpress.com/management/waterhemp-
showing-greater-resistance-glyphosate



http://plants.usda.gov/core/profile?symbol=AMPA

x        x
xx      x

x

Also in Iowa:
Harrison, Freemont, 
Page, Muscatine, Lee 
counties

In South Dakota: 
Buffalo county

http://plants.usda.gov/core/profile?symbol=AMPA


Gunsolus 2014









Impacts of Herbicide Resistance to Weed 
Management Strategies

• As the frequency of herbicide resistant traits 
increase the likelihood of migration increases

– Palmer Amaranth in MI, IN, WI via cotton seed for dairy and 
CRP

– Movement via forage
– Movement via manure
– Movement via combine
– Movement via pollen (yards not miles)
– Movement via water (runoff and flooding)
– Movement from ditch banks and field margins

Gunsolus 2014



Impacts of Herbicide Resistance to Weed 
Management Strategies

Gunsolus 2014



Impacts of Herbicide Resistance to Weed 
Management Strategies

• Herbicide Resistance 
– May eliminate effectiveness of glyphosate and other 

herbicide sites of action
– Can increased production costs
– May reduce rental income

Gunsolus 2014



Palmer amaranth plant from above, notice the rosette leaf pattern 
that is similar to a poinsettia plant 

Travis Legleiter, Weed Science Program Specialist & Bill Johnson, 
Professor of Weed Science, Purdue University Extension Weed Science Gunsolus 2014



Palmer has long leaf petioles

Gunsolus 2014



Absence of 
hairs on stems 
and leaf 
surfaces

http://takeactiononweeds.com/wp-content/uploads/2014/01/palmer-
amaranth-identification-poster.pdf

Palmer 
amaranth 
ID

http://takeactiononweeds.com/wp-content/uploads/2014/01/palmer-amaranth-identification-poster.pdf


Female plants 
‘bracts’ sharp 
and pointed –
Spiny to touch

Gunsolus 2014



Which pigweed is it?

Pigweed identification: A pictorial guide to the common 
pigweeds of the great plains
Horak et al. KSU, Extension

Redroot pigweed Smooth pigweed

Powell amaranth

Palmer amaranthWaterhemp Gunsolus 2014



Redroot pigweed Powell amaranth Smooth pigweed

Unbranched 
inflorescence
and prickly to 
the touch

Unbranched 
inflorescence
and prickly to 
the touch

Palmer amaranthWaterhemp

Pigweed identification: A pictorial guide 
to the common pigweeds of the great 
plains
Horak et al. KSU, Extension, 1994



https://www.extension.purdue.edu/extmedia/WS/WS-51-W.pdf

https://store.extension.iastate.edu/Product/pm1786-
pdfhttps://store.extension.iastate.edu/Product/pm1786-pdf

https://www.extension.purdue.edu/extmedia/WS/WS-51-W.pdf
https://store.extension.iastate.edu/Product/pm1786-pdfhttps://store.extension.iastate.edu/Product/pm1786-pdf


http://extension.uga.edu/publications/detail.cfm?number=C1000http://www.utcrops.com/weeds/early season pigweed Identification.htm



http://www.eattheweeds.com/palmer-amaranth/http://bulletin.ipm.illinois.edu/wp-content/uploads/2013/09/Guidelines-for-the-
Identification-and-Management-of-Palmer-amaranth2.pdf



http://takeactiononweeds.com/wp‐content/uploads/2014/01/palmer‐
amaranth‐identification‐poster.pdf



Palmer Amaranth 
Prohibited noxious weed in row crops

• First row crop weed on Eradicate 
List

• Opportunity to delay/prevent Palmer 
amaranthus problems in Minnesota if 
/ when it arrives



State Prohibited Noxious Weeds

• Yellow Starthistle* Centaurea solstitialis
• Grecian Foxglove Digitalis lanata 
• Oriental Bittersweet Celastrus orbicaulatus 
• Japanese Hops Humulus japonicas 
• Dalmatian Toadflax Linaria dalmatica
• Common Teasel Dipsacus fullonum
• Cutleaf Teasel Dipsacus laciniatus
• Giant Hogweed Heracleum mantegazzianum
• Brown Knapweed Centaurea jacea
• Meadow Knapweed Centaurea x moncktonii
• Black Swallow-wort Cynanchum louiseae 

Eradicate List

Adapted from Cortilet 2014

Yellow highlights species of importance in aglands, primarily pasture/grazing.
If palmer amaranth is added, will be first of significance in row crops
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