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Dealing with herbicide resistance:

Where are we at? How did we get here?

And…..

It’s not all about the herbicides!!

Herbicide Resistance



• No new herbicide mechanism of action known to be 
released anytime soon!

• Last mode of action discovered was ~30 years ago 
– Group 27

• Number of weeds with herbicide resistance
• weeds with multiple resistance

• acres infested



Additional resources available:

Canadian Weed Science Society  -
CWSS

https://weedscience.ca

CWSS resources online:
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360 unique HR cases:
115 broadleaf species
85 grass species

51 in Canada

There are currently 510 unique 
cases of herbicide resistant 
weeds globally, with 262 
species (152 broadleafs and 
110 grasses). Weeds have 
evolved resistance to 23 of the 
26 known herbicide sites of 
action and to 167 different 
herbicides. Herbicide resistant 
weeds have been reported in 93 
crops in 70 countries.

weedscience.org>75
in Canada
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• HR issues have been around for years and we’re still 
using herbicides?

• Have we taken ‘the thinking’ out of weed control?

• Are we heading to a train wreck?

– Without changing weed control practices, YES!!

Herbicide Resistance.....









Dealing with herbicide resistance:

• It’s not all about the herbicides!!

Integrated weed management practices include:

cultural 

mechanical

herbicide







Cultural

• Crop Rotation

• Plant Populations

• Row Spacing

• Planting Date

• Fertilizer Placement

• Cover Crops

Managing herbicide resistance:



• Management methods:
– Cultural control 

• Crop rotation
• Crop type (including variety), 

Rye > oat > barley > wheat > canola > field pea > soybean > 
flax > lentil (Blackshaw et al., 2002)

• Certified seed
• Seeding date
• Seeding rate
• Row width – narrower for more rapid canopy closure
• Fertilization – side-band & seed placed versus broadcast

Managing herbicide resistance



Crop Management

• Choice of hybrid/variety

• Different planting times

• Fertilizer management

• Row spacing

• Plant populations

• Seed bed preparation

• Harvest technique

All influence growth cycle of weed species

Managing herbicide resistance



Solution–Understand impact of weed seed movement

• Means of dispersal:

– Water 

– Machinery

– Wind

– Humans

– Animals / birds



Crop Rotation

• Diverse crop rotations
– Provide greatest opportunities to exploit differences in

tillage practices, competitiveness and herbicide choices

Managing herbicide resistance



Mechanical

• Tillage

• Pre-plant

• In-crop

• Post harvest

Managing herbicide resistance





Harrington Seed Destructor



Herbicide

• Multiple herbicides with different mechanisms of action

• Mixes

• Sequence

• Across seasons

Managing herbicide resistance







Benefits of Soil Residual Herbicides

• Time management

• Critical Weed Free Period

• Flushing weed control

• Alternate modes of action 
– multiple modes of effective action

– herbicide layering



The next few 
slides are 
examples of 
the extensive 
information 
contained in 
the Guide.
2020 version
available 
late winter/
early spring 





Re-cropping Restrictions -Residual Herbicides:













Common Soil Residual Herbicides
WSSA 
Group

Timing Site of Action Example Products

2 POST ALS Amino Acid 
synthesis Inhibitor

Davai, Solo, Odyssey, 
Option 

3 PPI (soil active) Mitosis Inhibitor/ cell 
division – bind to tubulin

Edge, Treflan, Fortress 
MicroActiv

5 PPI (soil active) PSII Inhibitor/
Membrane disruptor

Aatrex, Primextra II 
Magnum

8 PPI (soil active) Lipid Synthesis Inhibitor 
(Non-ACCase)

Avadex, Fortress 
MicroActiv

14 POST (foliar) with slight 
soil activity

PPG oxidase or Protox
Inhibitor 

Reflex, Flexstar GT, 
Authority, Valtera

15 PPI, PRE (surface) with 
residual soil activity

Very long chain fatty 
acid inhibitor

Focus, Zidua, Dual II 
Magnum

27 POST - Somewhat 
systemic (has soil 
residues)

HPPD Pigment Inhibitor Shieldex 400 SC, 
Impact, Armezon



Factors Affecting Herbicide Persistence

• soil characteristics (texture, organic matter, pH)

• herbicide characteristics

• soil interception/plant residue

• rainfall (total amount and distribution over the year)

• rate of herbicide applied

• application date

• growing conditions following planting in the spring



Soil - Impact on Herbicide Persistence

• temperature  

• moisture 
– microbial and chemical degradation

– reduced moisture causes herbicides to bind more tightly to soil particles 
(adsorption) – unavailable for degradation or uptake

• OM/Soil Texture (clay content) 
• provides binding sites for herbicide adsorption

• pH (7.0 neutral)
• determine characteristics of herbicide adsorption
• can influence microorganism activity



Maximizing Trifluralin Effectiveness

• High volatility – must be incorporated very soon 
after application

• Binds tightly to surface residue, will not wash off 
with rainfall
– spray with the direction of the stubble

• trifluralin not highly water soluble, once it is 
incorporated, not much chance of impacting seed 
as long as seed is placed below the herbicide layer

Example – Not all soil applied herbicides the same:



Maximizing Pyroxasulfone Effectiveness

• Non-volatile – incorporation may be a detriment
• Requires water for activation – delay in rainfall 

could result in poor weed control
• Will wash off surface residue but will not volatize so 

is not lost
• Heavy rainfall can leach pyroxasulfone below the 

weed seed zone and into the crop zone = increased 
crop injury and less weed control

Example – Not all soil applied herbicides the same:



Primextra II Magnum (atrazine, S-metolachlor)

• WARNING: 
Do not plant any crop other than corn in the same year on land treated with 
PRIMEXTRA II MAGNUM Herbicide as injury may occur. The following year there 
is virtually no hazard to soybeans, white beans, corn, oats or barley (not 
underseeded to a legume) in Eastern Canada. Moldboard plough and till soil 
thoroughly before planting these rotational crops. In the Prairie Provinces, corn 
must be planted the year following application. However, when the 
rotational crop is subjected to stress conditions, e.g. 
abnormally hot, dry weather, preceded by extended periods of 
dry weather the previous season, injury may occur. 

Example – Not all soil applied herbicides the same:



Rapid changes with development of 
herbicide resistance have resulted in a 
number of different guidelines, all with 
valuable points.

Herbicide Resistance



•Maintain a weed-free zone field borders, 100% of acres

•Practice zero-tolerance (100% weed control) when herbicides are main tool 

•Choose the most effective herbicide(s) 

•Apply the most effective soil-applied herbicide(s)

•Rotate herbicide mechanisms of action.

•Plant a different type of herbicide-resistant crop every other year

•Apply post-emergence herbicides to small (1- to 3-inch) weeds

•Include the most effective adjuvant(s) focus on weed control

•Apply herbicides at the appropriate droplet size herbicide type

•Reduce sprayer travel speeds. 

‘10-point “minimum requirement” list for farmers to  
control the resistance problem in weeds’:



Top 10 Herbicide Resistant Weed Management 
practices

• 10. Keep Records
• 9. Strategic tillage; if, where or when needed
• 8. Field+site-specific weed mgmt (1 size may not fit all)
• 7. Weed sanitation: border control+slowing HR dispersal
• 6. In-crop selective herbicide rotation
• 5. Herbicide grp rotation: avoid back-to-back in-crop Grp 1 or 2
• 4. Herbicide mixtures/sequences: better than rotations
• 3. Scout: know your enemy
• 2. Competitive crops/practices that promote competitiveness
• 1. Crop diversity



A National Summit on Strategies to 
Manage Herbicide-Resistant Weeds May 

2012
National Academy of Science

Herbicide Resistance –
Best Management Practices 



• Understand the biology of the weeds

• Use a diversified approach toward weed management  
prevent weed seed production
reduce # weed seeds in soil seedbank. 

• Plant into weed-free fields.   Keep fields as weed free 
as possible. 

Herbicide Resistance –
Best Management Practices 



•Plant weed-free crop seed 

•Scout fields routinely. 

•Use multiple herbicide mechanisms of action (MOAs) 
that are effective against the most troublesome weeds or those most 
prone to herbicide resistance. 

Herbicide Resistance –
Best Management Practices 



• Crop competition to suppress weeds

• Use other practices – e.g. mechanical

• Prevent field-to-field and within-field movement of 
weed seed or vegetative propagules. 

Herbicide Resistance –
Best Management Practices 



• Manage weed seed at harvest and after harvest to 
prevent a buildup of the weed seedbank. 

• Manage field borders 

Herbicide Resistance –
Best Management Practices 



Back in the ‘old days’…..personal experience 
and observations:

As a Red River Valley agronomist:

• Saw customer change in weed management from soil incorporated to 
post emergent herbicides–ease of application, improved weed control

• Move away from soil incorporated products like trifluralin, ethafluralin, triallate,
to newer Group 1 products and others– ease of application, timing. 

Reasons for this complete change in management included:
• no longer needed incorporation – reduced tillage, less risk of wind and

water erosion; 
• Flooding - which limited fall applications, and potentially efficacy; 
• improved level of weed control/cleaner fields
• Ease of application; and with introduction of HT crops, ease of product choice

Fast forward to today – we’re now paying for that ‘ease’ of choices. 
Realities to we need to think about include increased diversity in all aspects of
growing crops..



Back in the ‘old days’…..personal experience 
and observations:

To paraphrase a crop input colleague:

• We need to juggle up our herbicide choices – and get some soil
incorporated herbicides back in to the rotation

• We need to ratchet down our expectations for degree of weed 
control with those products

• We have to be better about long term planning – making best use
of the management tools we have

• Farming isn’t easy!  Complexity is increasing all the time.

• The choices we make now affect the future – what’s the long term 
cost  of a short term decision today?

• NO SILVER BULLETS!!



• Make sure you ask ALL the questions!
Both producer and agronomist
(increased importance with more complex cropping/HR 
weed/residual herbicide concerns – increased importance  
for record keeping)

• Importance of local agronomist

• Build relationships; 2nd and 3rd set 
(or more) of eyes will support the      
success of your farm

Herbicide Resistance



Key points to include to any list for managing herbicide 
resistance:

Scout!!
- Importance of knowing your weeds and staging, and stage of crop.

Pre-seed? preplant incorporated? pre-emergement? burn off? 
post emergent? tillage? mowing? patch control? hand roguing?

- Follow up scout – is your weed control working? What measures to 
take?  

keeping an eye on your crops throughout the growing season 
becomes more important with these increasing challenges. 
The need to deal with weed issues immediately and completely has 
never been more important!!  

Keep Records!!
- Soil applied and soil incorporated herbicides increase the need for 

good records for ongoing weed management decisions AND to 
prevent crop injury in future crop seasons.

Herbicide Resistance



Take-home......

• Will this happen to me?  YES!!!
and it likely already has!!

• Is there a magic bullet? NO!!!

• Know what’s coming, and continue with 
good crop management decisions

Herbicide resistance





Sources:

https://weedscience.ca

https://weedscience.ca/topics-in-weed-science/

http://wssa.net/

http://wssa.net/wssa/weed/resistance/

Herbicide Resistance
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