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Purpose of Survey

The purpose of the International Survey of Herbicide Resistant 
Weeds is to:

• Document the occurrence and importance of herbicide-
resistant weeds worldwide

• Scientifically based reporting





Group C1 - Triazine Resistant Common Groundsel – 1970.



Genetic diversity – rare resistant mutation

+
Selection – the repeated use of the same herbicide, or 

herbicides with the same site of action

=
RESISTANCE

Herbicide Resistance – Simple Definition
Resistance is the inherited ability of a plant to survive and 
reproduce following exposure to a dose of herbicide normally 
lethal to the wild type



Prerequisites for
Resistance Evolution

• Individuals with genes conferring
resistance within the population

• Selection pressure on individuals
possessing those genes



Resistance is a naturally occurring

evolutionary response to selection

pressure by a mortality agent 

(i.e., a herbicide)

Resistance is Evolution at Work



• Herbicides do not “create” resistance

• Individual plants naturally resistant are
present in very low numbers

• Herbicides select for those resistant 
individuals 

How Does Herbicide Resistance Develop?



Scientific Guesstimates:
• ALS inhibitors - 1 in 100,000?
• ACCase inhibitors - 1 in 1,000,000?
• Many herbicides - 1 in 10,000,000?
• Auxins & Glyphosarte - 1 in 100,000,000?

SELECTION PRESSURE

Weed Resistance

• Weed Seeds in Soil often >100 million seeds/ha
• Weed Seedling Populations often >1 million seedlings/ha



Resistant
Herbicide Miss

Late Emergence

Wrong Stage

Also Seed Bank

SURVIVORS SET SEED

Weed Resistance



HERBICIDE FAILURE DUE TO RESISTANCE

Weed Resistance

Resistance is detected when a high proportion (usually >30%) 
of the population are resistant to the herbicide.



Resistance Caused by
Genetic Mutations that Convey 

• Altered site of action
– change in target enzyme

• Gene Overexpression
– More enzyme produced 

endowing resistance
• Enhanced metabolism

– ability to degrade herbicide
• Decreased translocation

– Herbicide does not get to its 
site of action

• Sequestration
– Herbicide not available to the 

plant – tied up.







• ECONOMICS!
If you do not plan to manage herbicide resistance, then you are likely to loose 
the utility of effective, inexpensive herbicides.

• ECONOMICS!
If you are not aware of herbicide resistance, then you may waste your money 
on re-treatment of resistant weeds.

• ECONOMICS!
Gr that fail to take the threat of
herbicide-resistant weeds seriously may
well be left with no herbicide options and
skyrocketing weed control costs.

WHY WORRY ABOUT HERBICIDE-RESISTANT WEEDS?



Current Status of 
Herbicide 

Resistant Weeds 
Globally



WEEDSCIENCE.ORG
International Survey of Herbicide-Resistant Weeds

21 Years Online

http://www.weedscience.org/


• 461 Unique Resistant Biotypes (Species x SOA)

• 247 Species

• 144 Dicots and 103 Grass Weeds

• over 1,200,000 fields/sites

• Approximately 11 new biotypes discovered per year

• WWW.WEEDSCIENCE.ORG

International Survey of Herbicide-Resistant Weeds
Current Status of Survey – December 2015



• A Unique Species X Site of Action (group or class of 
herbicide)

• Wild Oat (1, 2, 3, 8, 25)*

• = 5 Unique cases

• Whilst multiple resistance is recorded separately, they don’t 
necessarily contribute to unique cases

• Otherwise every combination would contribute to a unique 
case, and wild oat would potentially account for nearly a 
hundred combinations

What is Classified as a Unique Case?

* Letters represent different herbicide sites of action - WSSA Classification of 
herbicides, this classification system can be found at http://www.weedscience.org.

WSSA number classification system originally developed by Ian Heap in 1990 at 
University of Manitoba

http://www.weedscience.org/


1990





• Each different mutation is a unique case

• Metabolic resistance – levels vary from population 
to population – each is a unique case

• Gene over expression – number of copies varies 
from population to population, even differing 
between individuals – each is  a unique case

• Populations can be a mixture of mechanisms, each 
is a unique case……..etc.

In Reality Almost Every Population
is a Unique Case
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1. Initial resistance gene frequency (for the particular weed/site of 
action combination)

2. Selection pressure (frequency and efficacy of herbicide use).  

3. Number of individuals treated over time

4. Residual activity of the herbicide

5. Genetic basis of resistance (degree of dominance of the 
resistance trait and the breeding system of the weed)

6. Fitness of the resistance trait

7. Weed Seed Production

8. Seed Dispersal Mechanisms

9. Seed longevity in the soil

Factors Influencing the Evolution of Resistance



• Number of Individuals Treated
• Approximated by area treated x time

• Species
• Some weeds are more prone to resistance than 

others – Amaranthus, Lolium, Alopecurus, 
Echinochloa, and Conyza

• Herbicide Chemistry
• Number of ways weeds can evolve resistance

• Resistance Gene Frequency
• Number of species the herbicide targets
• Area and time of use

• These factors account for >90% impact on the outcome 
of resistance

Big Drivers of Resistance



Area treated by a SOA is 
very important. Herbicide 
usage is greatest in:
ALS inhibitors
ACCase inhibitors
Glyphosate
Photosystem II inhibitors
Synthetic Auxins
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Dr. Ian Heap, WeedScience.org 2015



Herbicide groups vary in the 
frequency of initial resistant 
individuals

High Frequency
ALS inhibitors
ACCase inhibitors
Photosystem II inhibitors

Low Frequency
Glyphosate
Synthetic Auxins
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Horseweed
Wild Oat

Tall Waterhemp

Palmer Amaranth

Barnyardgrass

Annual Bluegrass

Goosegrass

Rigid Ryegrass

Blackgrass
Junglerice

Annual Ryegrass

Common Ragweed

Kochia

  

Wild Raddish

Rigid Ryegrass

Weeds vary in their 
propensity to evolve 
resistance. Genera very 
prone to resistance are:
Lolium
Echinochloa
Amaranthus
Conyza

Smooth Pigweed



North American, South American, and to some 
extent Australian herbicide-resistance research 
is focusing on Glyphosate Resistance

Whilst over reliance of glyphosate in Roundup 
Ready crops is the main driver of glyphosate 
resistance it is not the only cause.

Glyphosate Resistance – Researchers love it!



• RR Crops (glyphosate use) 
– Glyphosate only 
– Minimum Tillage

• Orchards / Vineyards
– Glyphosate only
– Multiple (up to 6) annual app.
– “Low rates” 
– Minimum Tillage

• Fallow
– Glyphosate only
– “Low rates”
– Minimal Tillage

Factors Associated with Evolution of Glyphosate Resistant Weeds 



Glyphosate Resistant Crops Adopted Quickly in
North and South America

Glyphosate Resistant Crops saved the corn/soybean farmers from ALS inhibitor, 
ACCase inhibitor, and Triazine resistant weeds.

– Lower production costs
– Higher yield
– Simplicity
– Convenient
– Flexibility
– Safety (occupational, 

family, environmental)
– Save time
– Level of control
– Consistency
– Crop safety
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Seven Species account for 99% of the Reported 
Area Infested with Glyphosate-Resistant Weeds

Species Acres
Horseweed 10,000,000

Palmer Amaranth 6,000,000

Sourgrass 2,000,000

Tall Waterhemp 2,000,000

Giant Ragweed 200,000

Johnsongrass 150,000

Rigid Ryegrass 100,000



Glyphosate-Resistant “Giant” Ragweed in Roundup Ready Maize
Ambrosia trifida



Glyphosate 4X rate at 3 cm
Glyphosate 4X rate at 10 cm

Glyphosate 4X rate PDIRCulpepper, UG

Palmer Amaranth (Amaranthus palmeri) in Cotton

Farmers now using up to 7 herbicide applications 
plus hand hoeing at a cost up to $360/ha



Photo York 2010

Glyphosate-Resistant Palmer Amaranth in Roundup Ready Cotton



Spread of glyphosate-resistant Kochia





Herbicide Resistant Weeds in Minnesota

Common cocklebur 2 (ALS inhibitors)
Common Lambsquarters 5 (Photosystem II inhibitors)
Common Ragweed 2 (ALS inhibitors), 9 (EPSP synthase inhibitors)
Giant Foxtail 2 (ALS inhibitors)
Giant Green Foxtail 1 (ACCase inhibitors), 2 (ALS inhibitors)
Giant Ragweed 2 (ALS inhibitors), 9 (EPSP synthase inhibitors)
Kochia 2 (ALS inhibitors), 9?
Redroot Pigweed 5 (Photosystem II inhibitors)

Tall Waterhemp 2 (ALS inhibitors), 9 (EPSP synthase inhibitors), 
14 (PPO inhibitors), 9?

Velvetleaf 5 (Photosystem II inhibitors)
Wild Oat 1 (ACCase inhibitors), 2 (ALS inhibitors)
Yellow Foxtail 2 (ALS inhibitors)



1. Multiple Resistance

2. Non-Target Site Resistance

3. Decline in herbicide discovery

4. Over reliance on a few herbicide resistant crops

5. Farmers not adopting management strategies

Biggest Resistance Challenges







• Diversified cropping 
systems

• Small Farms

• Livestock integrated 
with cropping

• Tillage

• Hand Weeding

• Significant Losses due to 
weed control

HOW DID WE (the west) GET HERE?

Up until the 1940’s 1940’s to mid 1990’s 1990’s to 2015

• Modern Herbicides

• Larger Farms

• Livestock decoupled 
from cropping

• Reduced Tillage

• Less Diversity

• Better weed control

• Higher Yields

• Greater Profitability

• Herbicide Resistance

• Diversity in Herbicide 
SOA’s

• Roundup Ready Crops

• Herbicide Discovery Drops

• Multiple herbicide 
resistance increases

• Less Tillage and Less 
Diversity in Weed Control

• Farmers with no clue 
about conventional weeds 
and weed control 
techniques

• Resistance reduces 
profitability



• Re-education of Farmers

• Diversified cropping systems

• Herbicide Resistant Crops (multiple 
stacked traits)

• A Few New Herbicide Sites of Action

• Adoption of Resistance Management 
Strategies

• Increased Tillage

• Cover Crops

• Stale Seedbeds

• Integration of Weed Control Systems

• Zero tolerance for weed escapes

WHERE ARE WE GOING?

2015 to 2025? 2025 into the future?

• Greater Diversity in Cropping 
Systems

• True Integrated Weed Management 
Systems

• More New Herbicide Sites of Action 
(China?)

• Herbicide Resistant Crops

• Cheap Robotic Weeder’s?

• Genetically Engineered Biocontrols

• Blindsided by a New Weed Control 
Technology



• Rotation of herbicide sites of action.
• Tank mixing herbicides with different modes 

of action
Both herbicides must be active on the same target species. 

• Use pre-emergence herbicides in addition to 
post-emergence herbicides

• Use full rates
• Use of non-herbicidal weed control where 

economical
• PRACTICE INTEGRATED WEED MANAGEMENT

How to Avoid/Delay Resistance



Any consistent practice to 
control weeds year after year 
will result in directed evolution 
towards survival.

The solution is to vary weed 
control practices and 
destabilize evolution.

Integrated Weed Management
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