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Pesticide Application: Critical 
Aspects and Issues 
 Topics for Consideration: 
◦ Industry Changes 
◦ Label Changes 
 Drift Management 

◦ Dicamba-tolerant 
◦ Water Quality 
◦ Herbicide Resistance 
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Palmer Amaranth – 
Amaranthus palmeri  
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Does Water 
Quality Make A 
Difference in 
the 
Performance of  
A Pesticide? 

Slides from: Dr. Cecil Tharp, Montana State University 
     Dr. Fred Whitford, Purdue 
     University of Nebraska Extension 



Review (of pH and 
hardwater) 

 pH: 
◦ pH is the measure of hydrogen ions (H+) and hydroxide ions (OH-) 
◦ Acid solutions are <7 
◦ Alkaline solutions are >7 
◦ Weak acid herbicides breakdown within high pH solutions (>7) 
◦ Sulfonylurea herbicides are insoluble in a low pH solution (<7) 

 Hardwater: 
◦ Can reduce the effectiveness of weak acid pesticides, especially if 

the pH of the water is above the ideal range. 
◦ Ions attach to water molecules and the pesticide 

 Can’t be absorbed by the target pest, or 
 Is absorbed at a slower rate, or 
 Forms insoluble salts 

 



Review (turbidity of 
water) 

 Turbidity is the total suspended solids (TSS) in water. 

 Suspended solids refers to suspended solids, soil, and/or organic matter 

 Many pesticides bind to soil particulates (high soil sorption potential; KOC) 

 Pesticides such as glyphosate, diquat, paraquat, bifenthrin and permethrin bind 
readily in turbid water. 

 If water is murky then use an alternative water source; or use only select pesticides 
with low KOC’s and install additional inline filters. 
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Pesticide Application: Critical 
Aspects and Issues 

What is the take home 
message? 





21 horseweed populations  
3 weeks after glyphosate at 2X the labeled rate 
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Herbicide Tolerance 

26 

Herbicide tolerance is the inherent ability of a species to survive 
and reproduce after herbicide treatment. This implies that there 
was no selection or genetic manipulation to make the plant 
tolerant; it is naturally tolerant. 
 
 
 
 
Herbicide tolerance is not synonymous with herbicide resistance. 
 By definition, if a weed has never been controlled and there 

has been no change in the weed population’s lack of 
response to a herbicide over time, the population is 
tolerant. 

Selective herbicides are effective 
because the crop is tolerant to 
the herbicide. 

Some herbicides are effective 
only on some weeds. 
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Herbicide Resistance Defined  
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Herbicide resistance can be defined as the acquired ability of a weed population to 
survive a herbicide application that previously was known to control the population.  

Herbicide tolerance is the inherent ability of a species to survive and reproduce after 
herbicide treatment. There has been no selection acting on the tolerant weed species, and 
there has been no change in the weed species lack of response to the herbicide over time. 

Year 1 Year 2 Later years 

The number of herbicide-resistant individuals in the population changes over time. 

Year 1 Year 2 Later years 

The number of herbicide-tolerant individuals is not affected directly by the herbicide. 
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Herbicide Resistance: Basic Principles 
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Herbicide resistance is the result of naturally occurring processes. 

* Biotypes are plants 
within a species that 
have biological 
characteristics that 
are not common to 
the population as a 
whole. 
 

Herbicide-resistant individuals or 
biotypes* are present naturally 
within the weed population at very 
low frequencies. These individuals 
have a herbicide resistance 
mechanism that allows them to 
survive the application of a 
herbicide.  
 
Weed control failures do not 
automatically mean that the 
weeds are herbicide-resistant. 
 

Resistance is heritable. It can 
be passed from one 

generation to the next. 



• A total of 480 confirmed herbicide-resistant 
weed biotypes have been documented to date 
(147 dicots and 105 monocots). 

 
• There is now resistance to 23 of the 26 

herbicide Sites of Action. 

http://weedscience.org/ 
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Herbicide Resistance Types 
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Single Herbicide Resistance 
• Resistant to only one herbicide 

Cross Herbicide Resistance 
• Resistant to two or more herbicide 

families with same mechanism of action 
• Single resistance mechanism 

Multiple Herbicide Resistance 
• Resistant to two or more herbicides with 

different mechanisms of action 
• May be the result of two or more 

different resistance mechanisms 
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Herbicide Resistance Types: Cross Resistance 

32 

Classic, a sulfonylurea, and FirstRate, a triazolopyrimidine, both belong to the ALS-
inhibitors, or group 2 herbicides. Both herbicide products have the same mechanism 
of action. 
CAUTION: Weeds that are herbicide-resistant to one member of a herbicide mechanism of action group may or may not 
be cross-resistant to all herbicides within that group. Consult your local extension specialist for more information. 

 

Year 1 Year 2 Year 3 
Apply Classic® 

Resistant to Classic 

Apply Classic 

Resistant to Classic 

Apply FirstRate® 

An example with common ragweed 

Resistant to Classic and FirstRate 
herbicides (group 2, ALS-inhibitors) 
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Herbicide Resistance Types 
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Single Herbicide Resistance 
• Resistant to only one herbicide 

Cross Herbicide Resistance 
• Resistant to two or more herbicide 

families with same mechanism of action 
• Single resistance mechanism 

Multiple Herbicide Resistance 
• Resistant to two or more herbicides with 

different mechanisms of action 
• May be the result of two or more 

different resistance mechanisms 
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Herbicide Resistance Types: Multiple 
Resistance  
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Multiple resistance can occur following repeated applications of a single herbicide and 
selection for herbicide-resistant biotypes followed by repeated applications of another 
herbicide and selection for herbicide-resistant biotypes. 

Years 1-5 Years 5-8 Years 8-13 

Apply atrazine 

Select for weeds resistant 
to group 5 herbicides 
(shown in black) 

The population with 
resistance to group 5 
herbicides increases 

Switch to and apply 
glyphosate 

Select for weeds resistant to 
group 9 herbicides (shown 
in pink) from a population 
that is resistant to group 5 

Example 

The population with 
multiple resistance to 
group 5 and 9 increases 

Years 14 + 
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Weed species 
with 

populations 
resistant to 2 

Sites of Action 

Weed species 
with 

populations 
resistant to 3 

Sites of Action 

http://weedscience.org/ 



Herbicide Resistance 

 Kochia (Kochia scoparia) 

 1984 in corn to Group 5  
(atrazine) 
 

 1996 to Group 2 (ALS 
inhibitors) in wheat (Glean, 
Ally) 
 

 2007 to Group 9 (glycines) 
in KS (glyphosate)  2010 in 
CO 
 



Herbicide Resistance 



Herbicide Resistance 

 Thinking back 35+ years ago – 
1980 – what herbicides were we 
using to manage vegetation – in 
general? 
◦ Roundup? 
◦ Telar, Escort, Oust? 
◦ Imazapyr? 
◦ 2,4-D, Banvel, Tordon? 
◦ Karmex, Bromacil, Pramitol? 

 
 



Herbicide Resistance 

 Thinking back 35+ years ago – 
1980 – what herbicides were we 
using to manage vegetation – in 
general? 
◦ What are the differences between the 

herbicides we used 30 years ago and 
the ones we are using today? 
 
 
 



Herbicide Resistance 

 How does it occur? 
 

 

 



Progression of Weed Resistance 

Treatment 
% Resistant 
Weeds in 
Population 

Weed  
Control 

0  Application     .0001 Excellent 
1st Application     .00143 Excellent 
2nd Application     .0205 Excellent 
3rd Application     .294 Excellent 
4th Application   4.22 Excellent 
5th Application 60.5 Failure 

Weed resistance  
progresses logarithmically 

Year 0 

First application of herbicide  
to the initial population 

seed pool or seed bank in soil 

Herbicide-resistant biotype  

Year 1 Year 2 

After first application, the resistant individual 
survives the treatment and produces seed 

Control is still excellent, but  
resistant seed continue to increase 

Credit: Mike DeFelice 



Treatment 
% Resistant 
Weeds in 
Population 

Weed  
Control 

0  Application     .0001 Excellent 
1st Application     .00143 Excellent 
2nd Application     .0205 Excellent 
3rd Application     .294 Excellent 
4th Application   4.22 Excellent 
5th Application 60.5 Failure 

Control is still very good, but  
resistant seed continue to increase 

Year 3 

seed pool or seed bank in soil 

Progression of Weed Resistance 
Weed resistance  

progresses logarithmically 
Year 4 

Control may still appear acceptable, but the seed pool is 
almost completely composed of the resistant type 

Herbicide resistance cannot be reversed in 
a practical time frame. In many cases, the 
seed pool is unlikely to change back 
because there is no fitness penalty. 

Year 5 

Weed plants and seed pool are 
now mostly herbicide-resistant 

Credit: Mike DeFelice 



Herbicide Resistance 

 How does it occur? 
 What are the factors that 

are involved in the process? 
 Characteristics of the herbicide 
 Characteristics of the weed species 
 Management practices 

 

 

 



Herbicide Resistance - Herbicide 

  Single site of action 
◦ High risk modes of action (ALS, ACCase, etc) 

  Continuous exposure 
◦ The single most important cause of weed 

resistance is a management system in which 
repeated use of a single herbicide, or use of 
several herbicides with the same site of 
action, provides continuing selection pressure 
for herbicide resistance. 

 



Herbicide Resistance - Plant 

 Target site resistance: modification to the 
binding site on the herbicide target protein 
◦ Involves alteration of the target-site gene (change in 

one gene) 
 

 Non-target site resistance: alteration 
endowing at least one of the following: 
 Reduced herbicide uptake/translocation 
 Increased rate of herbicide detoxification 
 Herbicide sequestration 

◦ Usually involves changes to many genes 
◦ Can confer resistance to several herbicides with 

different sites of action 
 
 
 

• More  
common  

• Spreads 
faster  



Herbicide Resistance – 
Management 

Herbicide 
resistance appears as 
a response to 
repeated use of a 
herbicide or to a 
different herbicide 
with a common mode 
of action  

“MOA” is the key 
 



Herbicide Mechanism of  
Activity in the Plant 

Herbicidal Action Representative A.I. How it Looks 

Plant Growth Regulation 2,4-D, Dicamba, 
Picloram, Clopyralid, Triclopyr, 
Aminopyralid, 
Aminocyclopyrachlor 
 



Herbicide Mechanism of  
Activity in the Plant 

Herbicidal Action Representative A.I. How it Looks 

Plant Growth Regulation 2,4-D, Dicamba, 
Picloram, Clopyralid, Triclopyr, 
Aminopyralid, 
Aminocyclopyrachlor 
 

Amino Acid Synthesis 
Inhibition 

Imazapyr, Glyphosate, 
Sulfometuron methyl, 
Metsulfuron methyl, 
Imazapic 



Herbicide Mechanism of  
Activity in the Plant 

Herbicidal Action Representative A.I. How it Looks 

Plant Growth Regulation 2,4-D, Dicamba, 
Picloram, Clopyralid, Triclopyr, 
Aminopyralid, 
Aminocyclopyrachlor 
 

Amino Acid Synthesis 
Inhibition 

Imazapyr, Glyphosate, 
Sulfometuron methyl, 
Metsulfuron methyl, 
Imazapic 

Photosynthesis Inhibition Diuron, Bromacil, Hexazinone 
 
 



Herbicide Mechanism of  
Activity in the Plant 

Herbicidal Action Representative A.I. How it Looks 

Cell Membrane Disruptors Paraquat, Diquat 
 
 
 

Plant Growth Inhibitors Pendimethalin, Trifluralin 
 
 

Inhibits the roots 
from growing. 

Photosynthetic Pigment 
Inhibition 

Norflurazon 
 
 
 

Lipid Biosynthesis 
Inhibition 

Sethoxydim, Clethodim,    
Fluazifop-P-butyl, 
 
 



Herbicide Mechanism of Action - 
Summary 

 Aminopyralid 
 Bromacil 
 Clopyralid 
 2,4-D 
 Dicamba 
 Diuron 
 Glyphosate 
 Imazapic 
 Imazapyr 
 Metsulfuron Methyl 
 Rimsulfuron 
 Sulfometuron methyl 
 Tebuthiuron 
 Triclopyr 



Herbicide Mechanism of Action - 
Summary 

 Aminopyralid 
 Bromacil 
 Clopyralid 
 2,4-D 
 Dicamba 
 Diuron 
 Glyphosate 
 Imazapic 
 Imazapyr 
 Metsulfuron Methyl 
 Rimsulfuron 
 Sulfometuron methyl 
 Tebuthiuron 
 Triclopyr 

 

 Plant Growth Regulator – 
Synthetic Auxin 
 

 Amino Acid Biosynthesis 
Inhibitor – ALS Inhibitor 
 

 Amino Acid Biosynthesis 
Inhibitor – EPSP Synthase 
Inhibitor 
 

 Photosynthesis Inhibitor 
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Herbicide Resistance ALS Inhibitor 

Glycines 

Synthetic Auxins 

Ureas & Amides 





Herbicide Resistance 

 In looking at the previous chart, which 
herbicide families are exhibiting significant 
resistance in plants being treated? 
◦ ALS Inhibiting Herbicides 
◦ Synthetic Auxin                                                

Herbicides 
◦ Glycine 
◦ Amides and Urea                                           

Herbicides 













Herbicide Resistance Management 

 Weed Management 
Practices: 
◦ Monitor the sites of 

application. 
◦ Evaluate your weed 

management program 
and standard 
practices.  
◦ Incorporate other 

management options, 
where possible.  

 Herbicide Related 
Practices: 
◦ Understand and follow 

the label. 
◦ Rotate herbicides 
◦ Tank mix herbicides, of 

different modes of 
action. 



Diversity of Practices 
The best strategies to manage herbicide 
resistance in weeds are established on 
the concept of diversity. 
Diversity can be achieved by: 
 
 

Applying several herbicides with different 
mechanisms of action and overlapping 
control (each herbicide is active on the 

target weed or weeds) 

Using mechanical, cultural, and 
biological practices in addition to 

herbicides 

Mechanical, Chemical, Biological and 
Cultural Management Options 

Management  
Diversity 

Mechanical Cultural 

Biological Chemical 

A combination of tactics reduces the selection 
pressure imposed by any single practice. 

and 



Herbicide Resistance Management 

 Herbicide Tank mixes/Mixtures: 
◦ Most reliable strategy in herbicide 

resistance management. 
◦ The success of a herbicide mixture 

depends upon each herbicide performing 
as effectively as it would when applied 
alone. 
• Mechanism of action 
• Efficacy (same weed spectrums) 
• Residual (persistence) 
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Categorization by Mechanism of Action 

64 

The numbering system assigns 
each herbicide to a 
mechanism of action group. 
Link to herbicide mechanism of 
action classification 
 
The EPA recommends that 
labels display the group 
number that identifies the 
mechanism of action for the 
active ingredient(s) in a 
formulated product. 

http://www.wssa.net/Weeds/Resistance/WSSA-Mechanism-of-Action.pdf
http://www.wssa.net/Weeds/Resistance/WSSA-Mechanism-of-Action.pdf


Herbicide Resistance Management ▪ Lesson 2: How do herbicides work? WSSA Herbicide Resistance Management Lesson 2 © 2011 WSSA All Rights Reserved WSSA Herbicide Resistance Management Lesson 2 © 2011 WSSA All Rights Reserved 

 
 

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 

65 

 
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 



Why should we care about weeds 
developing resistance? 

 Consolidation of industry 
◦ 20+ companies in 1984 
◦ Major players today? 

 Herbicide development is much less 
profitable that it use to be. 
◦ Takes $200 million + and 9 years 

to bring a new herbicide to 
market. 

 The pipeline for new products has 
slowed down, with fewer new active 
ingredients. 

 Take good care of the existing products 
available to us. 
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