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Chronological Increase in Weeds with Resistance 
to Multiple Mechanisms of Action (MOA) 

Source: www.weedscience.org, Ian Heap, March 2011 

The number of weed species with resistance to 
more than one herbicide mechanism of action 
has increased drastically since 1990. Currently, 
50 weed species with multiple forms of 
herbicide resistance have been confirmed. 
 

EXAMPLES WITH MORE THAN ONE FORM OF RESISTANCE 
 

2 Mechanisms of Action  

Giant ragweed 

Palmer amaranth 

Common ragweed 

 

4 Mechanisms of Action 

Waterhemp 

MOA 

MOA 

MOA 

6 MOA 

MOA 

5 

http://www.weedscience.org/


MOAs for Control of Waterhemp in Soybeans: 2013 

1. ALS-Inhibitors* 

2. EPSPS-Inhibitors* 

3. PPO-Inhibitors* 

4. Photosystem II-Inhibitors* 

5. Glutamine Synthesis-Inhibitors 

6. Seedling Shoot or Root Inhibitors (residual only) 

MOAs for Control of Waterhemp in Soybeans: 2015/2016??? 

1. HPPD-Inhibitors* – IL/IA/NE (2009) 

2. Growth Regulators* (2,4-D) - Nebraska (2009) 

 

 NO NEW MODES OF ACTION... only current MOAs 
with new herbicide-resistant crop traits! 

*Resistant waterhemp 
biotypes confirmed 

One-way resistance 

Two-way resistance 

Three-way resistance 

Four-way resistance 

Glyphosate-resistant 
Palmer Amaranth 

Status of Herbicide-
Resistant Waterhemp 

In Illinois 
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What percentage of your territory contains glyphosate-resistant 
waterhemp? 
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PPO and Glyphosate-Resistant Waterhemp 

Waterhemp 2011 
Jackson Co., IL 
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PPO and Glyphosate-Resistant Waterhemp 

Waterhemp 2013 
Jackson Co., IL 
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Amaranth Emergence Patterns 
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Weed Emergence Patterns 

Weed Fall 
Early 

Spring April May June July August 

Marestail 

Waterhemp 

Palmer 

Giant Ragweed 

Morningglory 

Primary Period Secondary Period 
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Critical Times for Weed Management 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Preplant 

Preplant 

Post-Harvest 

Post-Harvest 
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Hartzler, ISU 
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Weed Seed 
Management 
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SIU 
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Palmer Amaranth 
Collinsville, IL 

2011 – A commercial complaint 
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Primary Corn/Soybean Herbicide  
Sites of Action 

Group No. Site of Action Mode of Action Example 

1 ACC-ase  Membrane integrity via lipid synthesis  Poast Plus 

2 ALS Branched chain amino acid synthesis Classic 

3 Tubulin  Cell division inhibition Treflan 

4 Auxin binding site Mimic activity of auxin 2,4-D 

5 D1 protein  Photosynthesis via electron transfer in PS II atrazine 

9 EPSPS  Inhibition of shikimic acid pathway glyphosate 

10 Glutamine synthetase Photosynthesis via ammonium incorporation Liberty 

14 PPO  Photosynthesis via chlorophyll synthesis Cobra 

15 Unknown  Very long chain fatty acid synthesis Dual 

22 Photosystem I Photosynthesis via electron transfer in PS I paraquat 

27 HPPD  Photosynthesis via carotene synthesis Callisto 

*Eleven (11) primary sites of action 
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The product with this symbol on the label contains atrazine, an active ingredient in Group 5; the 
mechanism of action is binding to the Q8-binding niche on the D1 protein of the photosystem II 
complex in the chloroplast thylakoid membranes resulting in inhibition of photosynthesis. 

 

 
 

The product with this symbol on the label contains glyphosate, an active ingredient in Group 9; 
the mechanism of action is binding to the EPSP synthase enzyme resulting in inhibition of 
aromatic amino acid formation.  

 

Examples of Mechanism of Action on Labels 

20 

 
The product with this symbol contains s-metolachlor, glyphosate, and mesotrione, active 
ingredients with three different mechanisms of action, designated by Group 15 - inhibition of very 
long chain fatty acids resulting in inhibition of cell division; Group 9 - binding to the EPSP synthase 
enzyme and Group 27 – inhibition of 4-HPPD resulting in bleaching of the plants, respectively. 

    GROUP                    HERBICIDE 5 

    GROUP                             

HERBICIDE 
15  9  27 

GROUP                      HERBICIDE 9 
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Example of a Group Number on a Label 

21 

Mechanism of 
Action Group 

Number 



Weed Science 

Corn Herbicides 

Corn Herbicide Programs 

Heavy reliance on the following: 

 15 – LCFAI (chloroacetamides) 

 5 – PSII (atrazine) 

 27 – HPPD (mesotrione, isoxaflutole, topramazone, etc.) 

 9 – EPSP synthase (glyphosate) 

 

Residual activity in PRE and POST applications 

Weed Fall 
Early 

Spring April May June July August 

Marestail 

Waterhemp 

Palmer 

Giant Ragweed 

Morningglory 
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Corn Herbicides 

Soybean Herbicide Programs 
 Heavy reliance on the following: 

 15 – LCFAI (chloroacetamides) 

 14 – PPO (flumioxazin, sulfentrazone, fomesafen, lactofen, etc.) 

 9 – EPSP synthase (glyphosate)  

 Some reliance: 
 5 – PSII (metribuzin) 

 22-PSI (paraquat) 

 10-GSI (glufosinate) 

 3-Microtubule (pendimethalin) 

 2-ALS (chlorimuron, cloransulam, etc.) 

 

 Residual activity in PRE and POST applications 

Weed Fall 
Early 

Spring April May June July August 

Marestail 

Waterhemp 

Palmer 

Giant Ragweed 

Morningglory 
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Soybean Herbicide Options 

Weed / MOA Fall 
Early 

Spring April May June July August 

Marestail 

9-EPSPS Glyphosate 

4-Auxin 2,4-D 
Dicamba 

2,4-D 

1-ALS 
Chlorimuron 

Chlorimuron 
Cloransulam 

14-PPO 
Saflufenacil 

Saflufenacil 
Flumioxazin 

5-PSII Metribuzin 

10-GSI Glufosinate 

22-PSI Paraquat 

Primary Period Secondary Period 

Planting 
Date 
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Soybean Herbicide Options 

Weed / MOA Fall 
Early 

Spring April May June July August 

Waterhemp 

15-LCFAI 

Not Effective 

Metolachlor, acetochlor, 
dimethenamid, pyroxasulfone 

14-PPO Flumioxazin 
Sulfentrazone 

Fomesafen 

Fomesafen 
Lactofen 

Acifluorfen 

5-PSII Metribuzin 

3-Microtubule Pendimethalin 

10-GSI Glufosinate 

22-PSI Paraquat 

9-EPSPS Glyphosate 

Primary Period Secondary Period 

Planting 
Date 
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Soybean Herbicide Options 

Weed / MOA Fall 
Early 

Spring April May June July August 

Marestail 

Waterhemp 

28-14 DBP 14-0 DBP VE-V3 Late POST 

Roundup 
2,4-D 
Clarity 

Distinct 
Sharpen 

Canopy EX 

Roundup 
2,4-D 

Clarity Distinct 
Sharpen 

Canopy EX 
Canopy  75DF 

Sequence 
Boundary 

Sencor 
Prowl 

Roundup 
Liberty 

Sharpen 
Paraquat 

Canopy  75DF 

Sequence 
Boundary 

Sencor 
Warrant 

Zidua 
Valor XLT 

Fierce 
Authority* 

Prefix 

Roundup 
Liberty 

Sequence 
Warrant 

Zidua 
Anthem 
Outlook 

Prefix 
Flexstar 
Cobra 

Ultra Blazer 

Roundup 
Flexstar 
Cobra 

Ultra Blazer 

Primary Period Secondary Period 

Planting 
Date 
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Herbicide Program Evaluation 
Based on # of Herbicide Site of Action Groups 

Herbicide Program Group # # Effective on Waterhemp 

No residual herbicide 

followed by 

Glyphosate - POST 9 0 

Cobra - POST 14 1 

Total for program 2 1 

Crop: Soybean 
Target Weeds:  Waterhemp (glyphosate- and ALS-resistant)  
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Herbicide Program Evaluation 
Based on # of Herbicide Site of Action Groups 

Herbicide Program Group # # Effective on Waterhemp 

Envive-PRE 2, 14 1 

followed by 

Glyphosate - POST 9 0 

Cobra - POST 14 1 

Total for program 3 1 

Crop: Soybean 
Target Weeds:  Waterhemp (glyphosate- and ALS-resistant)  

Rate Structure? 
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2011-Clinton Co. and 2012-Jackson Co. 
Genotypic evaluation based on presence of mutation 

Frequency of PPO-Resistance in Emerged Waterhemp Plants  

No Herbicide Fomesafen PRE 

Selection of PPO-Resistant Waterhemp 
Using Soil Residual PPO Herbicides 

F1,27 = 10.33 
p = 0.0034 
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Herbicide Program Evaluation 
Based on # of Herbicide Site of Action Groups 

Herbicide Program Group # # Effective on Waterhemp 

Glyphosate + Sharpen - 
Burndown 

9, 14 not applicable 

followed by 

Glyphosate + Authority First + 
Boundary - PRE 

9, 2, 14,  
15, 5 

3 

followed by 

Glyphosate + Prefix - POST 9, 14, 15 1 

Total for program 5 3 

Crop: Soybean (RR) 
Target Weeds:  Marestail (glyphosate-resistant) 
   Waterhemp (ALS/PPO/glyphosate-resistant)  



Weed Science 

Herbicide Program Evaluation 
Based on # of Herbicide Site of Action Groups 

Herbicide Program Group # # Effective on Waterhemp 

Gramoxone + Sencor - Burndown 22, 5 not applicable 

followed by 

Authority First + Sequence - PRE 2, 14, 9, 15 2 

followed by 

Liberty + Prefix - POST 10, 14, 15 2 

Total for program 7 3 

Crop: Soybean (LL) 
Target Weeds:  Marestail (glyphosate-resistant) 
   Waterhemp (ALS/PPO/glyphosate-resistant)  
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Authority XL 4 oz/A applied 28 DBP Authority XL 4 oz/A applied 14 DBP 

Photos taken 3 WAP at DeSoto, IL 
Authority XL 4 oz/A applied at planting 
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Liberty 29oz/A 
15 GPA 

Palmer Amaranth Control 
40% difference due to 
application method 
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Scout 
Fields 
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Summary 

 Continue aggressive weed management strategies. 
 Consider: 

 Management from spring through fall 
 Crop rotation , tillage systems, and herbicide rotation 
 Management of weed seed 

 Full herbicide rates 
 Combinations of effective modes of action 

 Two (2) effective modes of action for each application 

 Requires careful management to minimize risk of crop response 
 Overlapping residuals! 

 Don’t ignore herbicide failure. 
 Know your herbicide sites of action groups. 
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Bryan Young 

Dept. of Botany and Plant Pathology 

Purdue University 

915 West State St. 

W. Lafayette, IN 47907 

Office: 765.496.1646 

Cell: 618.713.6471 

Email: BryanYoung@purdue.edu 

 

Thank You! 

Questions? 
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 The time has come to do our post-emerge application of 
Roundup on our soybeans. This spring we used a pre-
emerge herbicide on our our fields. The soybean fields 
looked so clean we delayed longer than usual with our post 
emerge application. When we started spraying we realized 
the mistake we had made. The remaining weeds were 1 
foot or taller. Too large for Roundup to do significant 
damage to. Many will burn down and then come back. 
Scouting the field one week later we already saw signs of 
new growth on waterhemp that looked dead from a 
distance. We also found 1 1/2 foot tall waterhemp than 
had little or no damage to the plant from our Roundup 
application of 38oz/acre 
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Waterhemp 2013 
Jackson Co., IL 



HERBICIDE PROGRAMS IN CORN 
AND SOYBEANS 

 

Bryan Young 
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Herbicide Mode/Site of Action Education 
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Outline 

 

 

New Herbicides for 2013 

 

 Status Report on Weeds 

 

  Building a Management System 
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Primary Corn/Soybean Herbicide  
Sites of Action 

Group No. Site of Action Mode of Action Example 

1 ACC-ase  Membrane integrity via lipid synthesis  Poast Plus 

2 ALS Branched chain amino acid synthesis Classic 

3 Tubulin  Cell division inhibition Treflan 

4 Auxin binding site Mimic activity of auxin 2,4-D 

5 D1 protein  Photosynthesis via electron transfer in PS II atrazine 

6 D1 protein  Photosynthesis via electron transfer in PS II Basagran 

9 EPSPS  Inhibition of shikimic acid pathway glyphosate 

10 Glutamine synthetase Photosynthesis via ammonium incorporation Liberty 

13 DPX synthase Photosynthesis via carotene synthesis Command 

14 PPO  Photosynthesis via chlorophyll synthesis Cobra 

15 Unknown  Very long chain fatty acid synthesis Dual 

19 Unknown  Auxin transport diflufenzopyr 

22 Photosystem I Photosynthesis via electron transfer in PS I paraquat 

27 HPPD  Photosynthesis via carotene synthesis Callisto 

Hartzler, ISU 
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Primary Corn/Soybean Herbicide  
Sites of Action 

Group No. Site of Action Mode of Action Example 

1 ACC-ase  Membrane integrity via lipid synthesis  Poast Plus 

2 ALS Branched chain amino acid synthesis Classic 

3 Tubulin  Cell division inhibition Treflan 

4 Auxin binding site Mimic activity of auxin 2,4-D 

5 D1 protein  Photosynthesis via electron transfer in PS II atrazine 

6 D1 protein  Photosynthesis via electron transfer in PS II Basagran 

9 EPSPS  Inhibition of shikimic acid pathway glyphosate 

10 Glutamine synthetase Photosynthesis via ammonium incorporation Liberty 

13 DPX synthase Photosynthesis via carotene synthesis Command 

14 PPO  Photosynthesis via chlorophyll synthesis Cobra 

15 Unknown  Very long chain fatty acid synthesis Dual 

19 Unknown  Auxin transport diflufenzopyr 

22 Photosystem I Photosynthesis via electron transfer in PS I paraquat 

27 HPPD  Photosynthesis via carotene synthesis Callisto 
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Corn Herbicides 
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Soybean Herbicides 
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